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CMP pad dressers having lweled tips and associatedmethods
are provided. In one aspect, for example, a method can
include pressing a CMP pad dresser against a CMP pad,
where the dresser includes a monolayer of a plurality of
superabrasive particles protruding from a matrix layer. The
difference in protrusion distance between the highest protrud-
ing tip and the second highest protruding tip ofthe rnonolayer
of superabrasive particles is less than or equal to about l0
microns and the difference in protrusion distance between the
highest 1 0 protruding tips of the monolayer of superabrasive
particles are within about 20 microns or less. The method can
further include rotating the dresser against the CMP pad such
that asperities are cut into the CMP pad having a maximum
cutting depth of about 60 microns.
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CMP PAD DRESSER HAVING LEVELED TIPS
ANDASSOCIATED METHODS

PruOrury DATA
5

This application is a continuation-in-part of Ser. No.
131479,148, filed on May 23,2012, which claims the benefit
of U.S. Provisiorul Patent Application Ser. No. 61/489,074,
filed on May 23, 201 l, each ofwhich are incorporated herein
by refercncc. lo

BACKGROI,JND OF THE INVENTION

The semiconductor industry currently spends in excess of
one billion U.S. dollars each year manufacturing silicon 15

wafcrs that must exhibit very flat and smooth surfaces.
Known techniques to manufacture smooth and even-surfaced
silicon wafers are plentiful. The most common of these
involves the process known as Chemical Mechanical Polish-
ing (CMP) which includes lhe use of a polishing pad in 20

combination with an abrasive slurry. Of central importance in
all CMP processes is the altainment of high performance
levels in aspects such as uniformity of polished wafer,
smoothness of the IC circuitry removal rate forproductivity,
longwity of consumables for CMP ecotromics, etc. 2s

SUMMARY OF THE I}.I\ENTION

2
one aspecl the method can include rotating the CMP pad,
applying a slurry to a polishing surface of the rotaling CMP
pad, and applying a workpiece to the polishing surface such
that the workpiece is polished by the asperities in combila-
tion with the slurry. In one aspect, the workpiece is a semi-
conductor device. In another aspect, the semiconductor
device includes one or more layers of Cu, W, an oxide layer,
or a combination thereof. ln yet another aspect, the semicon-
ductor device can have a node size ofless than or equal to 28
nm. In a further aspect, the semiconductor device can have a

line width of less than or equal to about 30 nm. In yet a further
aspect, the semiconductor device can have a wafer having a

size greater than 400 mm. Furthermore, in some aspects the
slurry can include an abrasive such as silica, alumina, ceria,
and combinations thereof. ln other aspects, the slurry can
include an oxidative compound.

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

BzuEF DESCzuPTION OFTHE DRAWINGS

FIG. I is a schematic side view of a CMP pad dresser in
accordance with an embodiment of the present invention;

FIG. 2 is a flow chart diagram showing steps of a method of
dressing a CMP pad ir accordance with an embodiment ofthe
present invention;

FIG. 3 is a flow chart diagram showing steps ofa method of
polishing a workpiece in accordance with an embodiment of
the present invention;

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

FIG. 5 is a schematic side view of a CMP pad dresser in
accordance with an embodiment of the present invention;

FIG. 6 is a schematic side view of a CMP pad dresser in
accordance with an embodiment of the presenl invention; and

FIG. 7 is a schematic side view of a CMP pad dresser in
accordance with an embodiment of the present invention.

It will be underslood tbat the above figures are merely for
illustrative purposes in furthering an understanding of the
invention. Further, the figures are nol drawn to scale, thus
dimensions, particle sizes, and other aspects may, and gener-
ally are, exaggerated to make illustrations thereof clearer.
Therefore, departure can be made from the specific dimen-
sions and aspects shown in the figures in order to produce the
heat spreaders of the present invenlion.

DETAILED DESCzuPTION

Before the present invention is disclosed and described, it
is to be understood that lhis invention is not limited to the
particular structures, method steps, or materials disclosed
herein, but is extended to equivalenls thereof as would be
recognized by those ordinarily skilled in the relevant arts. It
should also be understood that terminolory employed herein
is used for the purpose ofdescribing particular embodiments
only and is nol intended to be limiting.

It must be noted that, as used in this specification and thc
appended claims, the singular forms "a," "an" and, "the"
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to "a diamond par-

The present disclosure provides effcient methods of con-
ditioning a CMP pad. One such method can include pressing
a CMP pad dresser againsl a CMP pad where the dresser
includes a monolayer ofa pluraliry ofsuperabrasive particles
protruding from a matrix layer. The difference in protrusion
distance between the highest protruding tip and the second
highest protruding tip ofthe monolayer ofsuperabrasive par-
ticles is less than or equal to about l0 microns and the differ-
ence in protn:sion distance between the highest l0 protruding
tips of the monolayer of superabrasive particles are within
about 20 microns or less. The method can further include
rotating the dresser against the CMP pad such that asperities
are cut into the CMP pad having a maximum cutting dcpth of
about 60 microns. ln another aspe{l, at least 100 tips ofthe
plurality of superabrasive particles cut asperities into the
CMP pad as the dresser is rotated. In another aspect, at least
50 tips ofthe plurality ofsuperabrasive parlicles cut asperities
into the CMP pad as the dresser is rotaled. In a further aspect,
at least 25 tips ofthe plurality of superabrasive particles cut
asperities into the CMP pad as the dresser is rotated.

Furthermore, in one aspect substartially all of the asperi-
ties are cut in the CMP pad by superabrasive particles located
at a peripheral location ofthe dresser. In one specific aspect,
the peripheral location extends from an outer edge of the
dresser inwardly toward a center point ofthe dresser for up to
about 90lo ofthe dresserradius. In another specific aspect, the
peripheral location extends from an ouler edge ofthe dresser
inwardly toward a center point ofthe dresser for up to about
50% ofthe dresser radius. In yet another specific aspect, the
peripheral location extends from an outer edge ofthe dresser
inwardly toward a center point of the dresser for up to about
337o ofthe dresser radius. Additionally, in some aspects sub-
stantially all of the superabrasive particles are located at a

peripheral location ofthe dresser. In another aspect, substan-
tially all of the superabrasive particles are arranged in uni-
form predetermined panem at a peripheral location of the
dresser.

The method can further include interaclions between the
CMP pad and a workpiece being polished. For example, in
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ticle" includes one or more of such particles and reference 1o

"the layer" includes reference lo one or more of such layen.

DEFINTTIONS

In describing and claiming the present invention, the fol-
lowing terminology will be used in accordance with the defi-
nitions set forth below.

As used herein, the terms "conditioner" and "dresser" can
be used interchangeably, and refer to a tool used 1o condition
or dress a pad, such as a CMP pad.

As used herein, "dressing segment" refers 10 a dressing or
conditioning element of a CMP pad dresser. Dressing seg-
ments are utilized in the present invention to carry superabra-
sive particles having leveled tips. Thus superabrasive par-
ticles are introduced into a CMP pad dresser by the
incorporation of multiple dressing segments. It should be
noted that a variety oftechniqucs ofanaching the drcssing
segments to the substrates, and a variety of techniques of
attaching the superabrasive particles 1o the dressing seg-
ments, are discussed herein. It is to be underslood that all of
these various attachment mechanisms can be used inter-
changeably hercin: that is, ifa method ofattaching a drcssing
segment to a substrate is discussed herein, the method of
attachment discussed can also be used to attach a superabra-
sive particles to a dressing seqment. For any particular CMP
pad dresser being discussed, however, it is understood thal
attachment methods of the superabrasive particles 1o lhe
drss5ing segments can differ from. or can be the same as, the
method used to aftach the dressing segments to the pad con-
ditioner substrate.

As used herein, "superabrasive" maybeused to refer1o any
crystalline, or polycrystalline material, or mixture of such
rnaterials which has a Mohr's hardness ofabout 8 or greater.
In some aspects, the Mobr's hardness may be about 9.5 or
greater. Such materials include but are not limited to dia-
mond, polycrystalline diamond @CD), cubic boron nitride
(cBN), polycrystalline cubic boron nitride @cBN), corun-
dum and sapphire, as well as other superabrasive rnaterials
known lo those skilled in the art. Superabrasive materials may
be incorporated into the prescnt invention in a varicty of
forms including particles, grits, films, layers, pieces, seg-
ments, etc. In some cases, the superabrasive materials of the
present invention are in the form ofpolycrystalline supera-
brasive materials, such as PCD and PcBN materials.

As used herein, "organic material" refers to a semisolid or
solid complex or mix of organic compounds. "Organic mate-
rial layer" and "organic matrix" may be used interchangeably,
and refer to a layer ormass of a semisolid or solid complex or
mix of organic compounds, including resins, polymers,
gums, etc. The organic material can be a polymer or copoly-
mer formed from the polymerization of one or more mono-
mers. In some cases, such organic material can be adhesive.

As used herein, the process of"brazing" is intended to refer
to the creation of chemical bonds between the carbon atoms
of the superabrasive particles/materials and the braze mate-
rial. Further, "chemical bond" means a covalent bond, such as

a carbide or boride bond, rather than mechanical or weaker
inter-atom attractive forces. Thus, when "brazing" is used in
connection with superabrasive particles a true chemical bond
is being formed. However, when "brazing" is used in connec-
tion with metal to metal bonding the term is used in the more
traditional sense of a melalluryical bond. Therefore, brazing
ofa superabrasive segment to a tool body does not necessarily
requte the presence ofa carbide former.

As used herein, "particle" is as used herein in connection
with diamond particles, and refers to a particulate form of

4
diamond. Such particles may lake a variety of shapes, includ-
ing round, oblong, square, euhedral, etc.. can be eilher single
cryslal or polycrystalline, and can have a number of mesh
sizes. As is known in the art, "mesh" rel'ers to the number of
holes per unil area as in the case of U.S. meshes. All mesh
sizes referred to herein are U.S. mesh unless otherwise indi-
cated. Further, mesh sizes are generally understood to indi-
cate an average mesh size of a given collection of particles
since each parlicle within a particular "mesh size" may actu-
ally vary over a srnall distribution ofsizes.

As used herein, "sharp portion" means any narrow portion
to which a crystal or particle may comc. including but not
limited to conlers, apexes, ridges, edges, obelisks, and other
protrusions. In some cases, corners and/or apexes are formed
at the convergence of more than two faces of the particle or
crystal, or otherbody, disposed in intersecting planes. In other
aspects, edges and/or ridges may be fonned at lhe conver-
gence of two or at least two faces of the particle or crystal, or
other body, disposed in intersccting planes. In somc aspects,
"sharp portion" can include a portion that is broken, chipped,
cracked, jugg"d, and the like. In some aspects, degrees of
sharpness can bc correlated with thc geometric angle formed
by the parlicle, crystal. or other body, at the location in ques-
tion. In some aspects, an angle of90 degrees or less can be
considered sharp. In other aspecls, an angle of60 degrees or
less can be considered sharp. In yet other aspects, and angle of
45 degrees or less, or 30 degrees or less can be considered 1o

be sharp.
As used herein, "peripherally located," "peripheral loca-

tion" and the like, mean any particle ofa dresser that is locared
in an area that originates at the leading edge or outer rim ofa
dresser and extends inwardly towards the center for up to
aboul 90olo ofthe radius ofthe dresser. In some aspects, the
area may extend inwardly from about 20%o to 9O%o of the
radius. In other aspecls, the area may exlend in to about 50olo

ofthe radius. In yet another aspect, the area may extend in to
aboul 3370 ofthe radius ofa dresser (i.e. 660/o avtay from the
center).

As used herein, "working superabrasive particles" are
superabrasive particles that touch a CMP pad during a dress-
ing or conditioning procedure. This touching can remove
debris fronr the surface, it can deform the surface either elas-
tically or plastically, or it can cut the surface to create a

groove. In one specific aspect, a working superabrasive par-
ticle can cut deeper than aboul l0 microns into a CMP pad
during a dressing procedure.

As used herein, 'hon-working superabrasive particles" are
superabrasive particles in a CMP pad dresser that do not
significantly touch the pad sufficient to remove debris from
the surface, deform the surface, cut the surface to creale a

groove.
As used herein, "overly-aggressive superabrasive par-

ticles" are superabrasive panicles in a CMP pad dresser thal
aggressively dress or condition a CMP pad. In one aspect,
aggressive superabrasive particles are superabrasive particles
that cut deeper than about 50 rnicrons into a CMP pad during
a dressing procedure. In another aspect, aggressive supera-
brasive particles are superabrasive particles that remove at
least tA of the material from the CMP pad. In yet another
aspect, aggressive superabrasive particles are superabrasive
pzrticles that remove at least % of the material from the CMP
pad.

As uscd hcrcin, "indicator substrate" rcfers to a substratc
material upon which a portion of the superabrasive pa(icles
of a CMP pad dresser can be positioned and moved to make
markings indicative of working superabrasive particles.
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56
As used herein, "marking pattem" refers to a pattem on an formers and carbon wetting agents may be included as alloys

indicator subsrale created by moving superabrasive particles or mixtures, but arc not anticipated to be the only metallic
thereacross. The markings ca: be any detectable marking component. Examples of such carbide formen are Sc,Y, Ti,
known, including cuts, scratches, depressions, material depo- Zr, Hf, Y Nb, Cr, Mo, Mn, Ta, W, and Tc. Examples of carbon
sition (e.g. pigment markers, chemical malkers, fluorescent 5 wetling agents are Co, Ni, Mn, and Cr.
nrarkers. radioactive markers, etc.). As used herein, "infiltrating" refers to a situation where a

As used herein, 'transverse" refers to a directional orien- material is heated to its melting point and then flows as a
tation that is cross-wise to a reference axis. In one aspect, liquid through the interstitial voids between particles.
"transverse" can include a directional orientation that is al As used herein, the term "substantially" refers to the com-
Ieastatasubstantialrightangletothereferenceaxis. to pleteornearlycompleteextentordegreeofanaction,char-

Asusedherei-n,"alignmentorientationdirection"refersto acteristic, prcpefry, state, structure, item, or result. For
the direction of an alignment axis of the plwality of supera- example, an object that is "substantially" enclosed would
brasive particles. For example, a plurality of superabrasive mean that the object is either completely enclosed or nearly
particles aligned in a grid formation would have at least two completely enclosed. The exact allowable degree of deviation
alignment axes; an alignment axis in the column direction and 15 from absolute completeness may in some cases depend on the
an aligunent axis in the row direction oriented 90o to the specificcontext.Howwer,generallyspeakingtheneamessol'
column direction. completion will be so as to have the same overall result as if

As used herein, "ablatc" or "ablating" refer to a process of absolute and total completion were obtaincd.
removing a superabrasive particle from a CMP pad dresser or The use of"substantially" is equally applicable when used
reducingtheprojectionofasuperabrasiveparticlethusreduc- 20 in a negative corulotation to refer to the complete or near
ingthedegreeofcontactbetweenthesuperabrasiveparticle complete lack ofan action, characteristic, property, state,
and the indicator substrate. structure, item, or result. For example, a composition that is

As used herein, "supcrabrasivc segment" refers to a tool "substantially free of'particles would either completely lack
body having multiple superabrasive particles associated particles,orsonearlycompletelylackparticlesthatlheeffect
therewith. In some aspect, a superabrasive segment can zs wouldbethesameasifitcompletelylackedparticles.Inother
include superabrasive polycrystalline materials as cutting words, a composition lhat is "substantially free of'an ingre-
elemenls. dient or element may still actually contain such item as long

As used herein. a "tool substrate" refers a portion ofa pad as there is no measurable effect thereof.
conditioner rhat supports abrasive materials, and to which As used herein, the term "about" is used to provide flex-
abrasive materials and/or superabrasive segments that carry ro ibilitytoanumericalrangeendpointbyprovidingthatagiven
abrasive materials may be affixed. Substrates useful in the value may be "a little above" or "a little below" the endpoint.
present invenlion may of a variety of shapes, thicknesses, or As used herein, a pluraliry of items, strucrural elements,
materials tbat are capable of supporting abrasive materials in compositional elements, and/or materials may be presented
a maruter that is sufficient to provide a pad conditioner useful in a common list for convenience. However, these lists should
foritsintendedpurpose.Substratesmaybeofasolidmaterial,35 beconstruedasthougheachmemberofthelistisindividually
a powdered material that becomes solid when processed, or a identified as a separate and unique member. Thus, no indi-
flexible material. Examples of typical substrate materials vidual member of such list should be construed as a de facto
include without limitation, metals, metal alloys, ceramics, equivalent of any other member of the same list solely based
relatively hard polymers or other orga.ic materials, glasses, on their presentation in a common group without indications
and mixtures thereof. Furrher, the substrate may include a 40 to the contrary.
matcrial that aids in attaching abrasive materials to the sub- Concentrations, amounts, and other numcrical data may be
strate, including, without limitation, brazing alloy material, expressed or presented herein in a range format. It is to be
sintering aids and the like. understood that such a range fomrat is used merely for con-

As used herein, "working end" refers to an end ofa particle venience and brevity and thus should be interpreted flexibly
which is oriented towards the CMP pad and during a dressing +s to include not only the numerical values explicitly recited as
operationmakescontactwiththepad.Mostolientheworking the limits of the range, but also to include all the individual
end of a particle will be distal from a substrate to which the numerical values or sub-ranges encompassed wiftin that
particle is attached. range as ifeach numerical value and sub-range is explicitly

As used herein, "attirude" means the position or an:iange- reciled. As an illustration, a numerical rzurge of "about 1 to
ment of a superabrasive particle in relation to a defined sur- 50 about 5" should be interpreted 10 include not only the explic-
face,suchasasubstratetowhichitisattachedoraCMPpad itly recited values of about 1 to about 5, but also include
to wh.ich it is to be applied during a work operation. For individual values and sub-ranges within the indicated range.
example, a superabrasive particle can have an attitude thal Thus, included in this numerical range are individual values
provides a specific portion of the particle in orientation suchas2.3,and4andsub-rangessuchasfrom l-3,from2-4,
lowardaCMPpad. ss andfrom3-5,etc.,aswellasl,2,3,4,and5,individually.

Asusedherein,"sintering"referslothejoiningoftwoor This same principle applies to ranges reciting only one
more individual particles to lbrm a continuous solid mass. numerical value as a minimuur or a nraxinrum. Furthermore,
The process of sintering involves the consolidation of par- such an interpretation should apply regardless ofthe breadth
ticles to at least partially eliminate voids between particles. ofthe range or the characteristics being described.

The temr "metallic" refers to both metals and metalloids. oo The Invention
Metals include those compounds typically considered metals The present disclosure generally provides CMP pad dress-
found within the transilion metals, alkali and alkali earrh ers,methodsassocialedwithpadconditioning(e.g.,smooth-
metals. Examples of nretals are Ag, Au, Cu, Al, and Fe. ing, polishing, dressing), and the CMP polishing of a work
Metalloids include specifically Si, B, Ge, Sb, As. and Te. piece. Padconditionersofthepresent inventioncanbeadvan-
Metallicmaterialsalsoincludealloysormixturesthatinclude 65 tageouslyutilized,forexample,indressingCMPpadsthatare
metallic materials. Such alloys or mixtures may further used in polishing, finishing or otherwise afecting semicon-
include additional additives. In the present invention, carbide ductormaterials. Specifically, the present disclosure concerns
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CMP pad dressers having superabrasive parlicles with sub-
stantially leveled tips. 'liaditional CMP pad dresser manufac-
turing methods, even many of those describing te'chniques for
leveling superabrasive particle tips prior to fixation, generally
contain significant variation in tip height across the surface of
the dresser. Often. the superabrasive particles are affixed to
the CMP pad dresser support in a Daluler that disrupts any

leveling that has occurred. For example, fixation lechniques
that utilize high heat and/or pressure can cause warping ofthe
dresser support as the dresser cools. Thus, unless sleps are
taken to avoid such warpage. superabrasive particles are not
maintained in their leveled state follou'ing cooling of the
dresser. This can be particularly problematic with brazing
techniques.

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

CMP pad by removing dirt and debris (i.e. deglazinglhe pad),

as well as opening up asperities in the pad surface 1o capture
and hold chemical slurry during a polishing procedurc. As has

been described, due to difficulties associated with superabra-
sive particle leveling in many traditional manufacturing pro-
cesses, only a small percentage olsuperabrasive particles in a
typical CMP pad dresser are positioned so as to penetrate or
cut into a CMP pad. As this small percentagc of superabrasive
particles become worn, plastic deformation of the CMP pad

becomes larye relative to the amount CMP of pad that is cut.
Consequently, the pad becomes highly defonned and accu-
mulated wilh dirt. As a result the polishing rate of the CMP
pad declines, and the scralch rate ofthe wafer or work piece
increases.

CMP pads are typically made of a relatively soli polymer,
such as polyurethane. As the CMP pad is engaged by the CMP
pad &esser, the polymer material is deformed first by elastic
strain and then by plastic strain. Eventually, the strain energy
in the delbrmed material exceeds the bond energy density (i.e.
the hardness of the pad) and the polymer material ruptures.
Thus, the function of superabrasive particles in the CMP pad

dresser is to dress the CMP pad material by breaking poly-
meric bonds through this deformation process. It should be
noled thal sharp superabrasive pzrlicle lips can peuelrale the
CMP pad material without causing excessive deformation.As
such, thc sharpness ofa supcrabrasive particle can be dcfined
as being inverse to the deformed volume prior lo rupture. In
olher words, the smaller the volume of defonrialion prior to
cutting, the sharper the cutting tip. This deformation infor-
malion can be used to determine the sharpness ofsuperabra-
sive particles 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 compard lo a superabrasive particle having a

larger tip radius. Consequently, an irregularly shaped supera-
brasive particle tip can be sharper than a euhedral superabra-
sive corner having an obruse angle relative 1o the CMP pad.

This also applies to the difference betweeu a superabrasive
particle comer as compared with a superabrasive particle
face.

It is thus noted that sharp superabrasive particle tips can cut
CMP pad materials with less deformation and material strain.
Conversely, a dull superabrasive particle may deform but not
cut the CMP pad material because the strain energy does nol
exceed the bond eneryy density of the polymeric material. As
the tips of such paflicles are worn, the contacl area belween
the polymeric malerial and lhe panicles increase. This
incrcasc in contact arca rcsults in an incrcase in thc dcforma-
tion volume of the pad. Due to the increased strain energy
required for the polymeric material to rupture with such an

increased deformation volume. the number of superabrasive

8
particles cutting the polynreric material u'ill decrease in rela-
tion to lhe degree of dulling during a CMP process.

CMP pad dressing can also be affecled by the proportion of
superabrasive particles in the CMP pad dresser that are work-
ing and the proportion that are overly-aggressively cutting. As
an example, a typical CMP pad dresser can have greater than
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. Addition-
ally, out ofthese few working superabrasive panicles, there
may be a smaller proportion ofoverly-aggressive superabra-
sive panicles that cut over 500/o of the entke pad that is
consunred during conditioning, and in some cases canremove
more that 25%. of the total pad material. This uneven work
load distribution can cause erratic CMP perfomrance, and can
result in over consunrplion of the CMP pad, chipping of the
overly-aggressive superabrasive particles that can scratch the
wafcr. unpredictablc wafer removal rates, uncven wafer sur-
faceplanaization, shorlened CMP pad dresser life, compac-
tion ofthe CMP padwith debris, andthe like. Sucheffects can
greatly lower the yielcl oI wafers or work pieces processed

under these conditions.
The present disclosure secks to morc cffectively normalize

the work load distribution across the surface of the CMP pad

dresser in order to more ulifomrly deglaze the pad and create
more uniform pad asperities. The present CMP pad dressers
include a layerof superabrasive particles having substantially
leveled tips across the working surface of the finished CMP
pad dresser. A variety oftechniques can be utilized to main-
tain tip leveling, and any such technique is considered to be
within the present scope. A few non-limiting examples of
such techniques are described below.

In one aspect, as is shown in FIG. 1, a CMPpad dresser 100
includes a monolayer ofa plurality ofsuperabrasive particles
102 embedded in a malrix layer 104 such that each supera-
brasive particle in the monolayer protrudes from the matrix
layer 104. The difference in protrusion distance 106 between
the highest protruding tip 108 and the next highest prctruding
tip 110 of the monolayer of superabrasive parlicles is
described as the protrusion difference. In one aspect, the
protrusion difference can bc less than or equal to about 50
microns. In another aspect. the protrusion difference can be
less lhan or equal to about 20 microns. In a further aspect, the
protrusion difference 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 difference in protraclion distance
between any two or more superabrasive particles.

h another aspect, and in addition to the protrusion diflbr-
ence between the highest two protruding tips, the difference
in protrusion distance between the highest l0 protruding tips
ofthe monolayer ofsuperabrasive particles are within about
30 microns or less. In yet another aspect, the diference in
protrusion distance belween the highest l0 protntding tips of
the monolayer ofsuperabrasive particles are within about 20
microns or less.

Additionally, in some aspects the difference in protrusion
distance betn een the highest l % of the protruding tips of the
fint monolayer of superabrasive particles can be within about
80 microns or less. In other words, for the 1% of the plurality
of superabrasive particles that have the highest protruding
tips, the variance in protrusion distance forthat I 7o is less than
or equal to about 80 microns. For example, the lwo highest
protruding superabrasive particle lips protrude to within
about I 0 microns or less of each other, and in addition, the
highest protruding 17o of superabrasive particle tips protrude
to within about 80microns orless ofeach other. Inyet another
aspect, the difference in protrusion distance between the
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highest I % of the protruding tips of the monolayer of supera- In other aspects, the load can be from about 2 Kg to about 20
brasive particles are within about 60 microns or less. In yet Kg. In furrher aspects. the load may be from about 6 Kg to
anotheraspect, lhedilferenceinprouusiondistancebelween about 12 Kg. In some aspects the load may be Kg/m2. For
the highest I % of the protruding tips of the monolayer of example, in one aspect an 1 1 .5 Kg load can allow a material
superabrasive particles are within about 40 microns or less. 5 removal rate from lhe wafer of about 200 microns per hour for

11 is noted that the recited protrusion distances can include Cu layen. In a related example, an I 1.5 Kg load can allow a
adistributionacrosstheentiremonolayersurf'aceoradiscrete materialrernovalrateliomthewafbrofabout l00micronsper
area or segment ofthe monolayer. For example, the highest hour for oxides. In many cases, a lower load can be used in
l% of protruding tips can be located around the periphery of order to minimize the superabrasive particle damage (e.g.,
themonolayer. Inoneaspect,forexample,substantiallyallof to lessthanorequal toabout2Kg).
the asperities are cut in the CMP pad by superabrasive par- Furthermore, leveling ofthe tips ofthe superabrasive par-
licles located at a peripheral location ofthe dresser. In another ticles in the monolayer allows differing amounls of supera-
aspect, the peripheral location extends from an outer edge of brasive panicles 10 acrually cut asperilies into the pad. In one
the dresser inwardly toward a center point ofthe dresser for up aspect, for example. the tips are leveled such that at least I 00
to about 90olo ofthe dresser radius. In yet another aspect, the ts tips of the plurality of superabrasive parlicles cut asperities
peripheral location extends from an outer edge ofthe dresser into the CMP pad as the dresser is rotated. In another aspect,
inwardly toward a center point of the dresser for up to about the tips are leveled such that at least 50 tips ofthe plurality of
50% ofthe dresser radius. In a furlher aspect, the peripheral superabrasivc particlcs cut asperities into thc CMP pad as the
location extends from an outer edge ofthe dresser inwardly dresser is rotated. In a fur'ther aspect, the tips are leveled such
towardacenterpointofthedresserforuptoabout33Toofthe 20 that at least 25 tips oftheplurality ofsuperabrasiveparticles
dresser radius. Additionally, in some aspecls, substantially all cut asperities into the CMP pad as the dresser is rotated.
ofthe superabrasive particles are localed at a peripheral loca- Various methods can be utilized to measure superabrasive
tion of the dresser. In other aspects, substantially all of the paricle tip hcight to determine the differcnce in protrusion
superabrasive particles are arranged in uniform predeter- distancebetweentips.Assuch,anymethodformakingsuch
mined patlem at a peripheral location of the dresser. 25 a determination is considered to be within the present scope.

In another example, discrete regions oflweled superabra- It should be noted that for the purposes ofthe present disclo-
sive particle tips can be located within a largerarea ofsupera- sure, the term "protrusion" refers to the height of a particle
brasive particles having a lowerprotrusion distance than the relative to some reference point. Techniques for such mea-
leve.led portion. It is also contemplated that the monolayercan surements can include direct measurements of the tip heights
include multiple regions or seg.ments of superabrasive par- 30 relative to a reference point such as, Ibr exanrple, the highest
ticles that are leveled as describe4 within a larger area of particletip,asurfaceofarigidsupport, lhebottomsurfaceof
superabrasive particles having a lower protrusion distance. the matrix, elc. Measurcments of pafticle height from the

Thus, the relative lweling of the monolayer of superabra- surface of the matrix material can be problematic, however,
sive particles can greatly alIect the morphology and distribu- due to the irregular nature of such materials due to wicking
tion of asperities cut into the CMP pad by the dresser. For :s around the superabrasive particles. In those cases whereby
example, in one aspect, the monolayer is leveled such thal the matrix material is uniforrn, such a surface may be used to
rotating the dresser against the CMP cuts asperities having a determine particle height. Additionally, a relative protrusion
maximum cutting depth of about 80 microns. In another or height difference between two particles would be the dif-
aspect, the monolayeris leveled such that rotating the dresser ference in the heights between these particles measured frr:m
against the CMP cuts asperities having a maximum cuning 40 a corrlmon reference point. Furthermore, in some cases the
depth ofabout 60 microns. ln yet another aspect, the mono- superabrasive parlicles may lie along a slope. curvature, or
layer is leveled such that rotating the dresser against the CMP some other arrangement that is not parallel to the metal sup-
cuts asperities having a maximum cutting depth ofabout 40 pon layer. In these cases, the protnrsion height would be
microns. By forming pointed asperities, the contact pressure normalized against the slope, curvature, or other arrangement
between the work piece and the CMP pad is increase4 thus qs so that the relative protrusion height difference between par-
improving the polishing characteristics of the pad. As these ticles can be measured in the absence ofthe slope, curvature,
pointedregionsbegintoflatten,thecontactpressurebeginsto etc. It should be noted that superabrasive particle tip height
decrease, and slurry located therebetween is less eflbctively leveling can, in some cases, be independent l'rom the posi-
pressed against lhe work piece. In some aspects it can be tioningorpatterningofthesuperabrasivepaniclesacrossthe
beneficial for the contact area ber#een the pad and the wafer 5o surface ofthe dresser.
to be less than or equal to about l%o ofthe total wafer surface One example of a direct measurement technique can
area facing the pad. In other aspects, it can be beneficial for include an optical scanning process to evaluate superabrasive
the contact area between the pad and the wafer to be less than panicle tip positions. In one such process, an optical scanner
or equal to abut 0.1% of the total wafer surface area facing can scan the surface of the CMP pad dresser to determine the
the pad. This small contact area is due to the wafer being ss height of the superabrasive particle tips relative to a fixed
perched on the contact points of the asperities. During the point. For example, the scanner can scan downward in space
polishing process. lhe sharp tips of the asperities become towardlhedresseruntil thehighesttipislocated.Thehighest
worn, lhus increasing the contact area and decreasing lhe tip can then be set to the reference poinl, and the scanner can
contact pressure to a point whereby the slurry abrasives do not continue scanning in a direction toward the dresser measuring
eflectively abrade the wafer. At this pojnt the removal rate of 60 the dislance from the reference point to each superabrasive
material from the wafer drops, and the pad needs to be particletipacrossthesurfaceofthedresser.Accordingly,the
redressed to resharpen the asperities. difference in protrusion distzrnce between all of lhe supera-

Additionally, the load placed on the CMP pad by the brasiveparticlesacrossthedressercanbedirectlymeasured.
dressercanaffectthemorpholoryofthespacers,suchas,in Furthennore, measurement techniqucs can also include
some cases) the asperity depth. The load can be adjusted for a 65 indirect measurements, such as, for example, applying the
given dresser to adjust penetration depth. In one aspect, for diamond monolayer to a deformable substrate that deforms
example, the load can be from about 0.1 Kg to about 60 Kg. relative to the prolrusion distance of the particle rips. The
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diamond nonolayer can be pressed inlo the deformable sub-
strate and/or moved across the defornrable substrale to fonl a

scralch pattem therein. Tip height can thus be extrapolated
from such indirect measurements.

A variely ofmaterials are contemplatd for use as supera-
brasive parlicles. Any superabrasive known that can be uti-
lized in a CMP pad dresser should be corsidered to be within
the present scope. NonJimiting examples of such materials
include diamond materials, nitride nraterials, ceramics, and
the like. In one aspect. the superabrasive particles include
diamond materials. Such diamond uraterials can include
natural or synlhetic diamond, single crystal, polycryslalline,
and the like. In another aspect, the superabrasive particles
include cubic boron nitride materials. Additionally, various
diamond particles sizes can be used, including mesh sizes
such as 1 0/20, 301 40,80190,90/ 100, 1 00/l 20, l2Ol14O, 14Ol

17 O, 17 01200, 200/230, 230127 0, 2701325. ard 325 I 400.
Additionally, the plurality thc supcrabrasive particles can

be oriented so as to affect dressing performance of a CMP
pad. Orienting the superabrasive parlicles in a specific ani-
tude in relation to the CMP pad lo be dressed creates dillerent
asperities in the pad surface, thus alteriDg the perforrnance of
thc CMP pad. Diffcrent asperitics retain slurry in diffcrent
manners and thus polish a workpiece differently according to
asperity depth, width, density, etc. The superabrasive par-
ticles of a CMP pad dresser can be oriented according to the
desired polishing characteristics of the CMP pad. For
example, ifthe superabrasive particles predominantly have an
apex oriented lowards the 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 lhus the polishing rale of the wafer increases.
However, the increased polishing rate may also increase the
wear rate of lhe superabrasive particles. As such, wear rale
may vary depending on the attitude ofthe superabrasive par-
ticles, and therefore, the orienlation of each superabrasive
particle may be considered when designing a device with
desired performance characterislics. Generally speaking,
superabrasive particle attitudes that provide higher dressing
rates (i.e. deeper penetration into a pad) also wear particles
out at a highcr ratc.

In contrast, ifthe superabrasive particles are oriented with
a face towards the pad, the resulting asperities may polish at
a lower rate. The face ofthe particle is generally thought to be
more durable, but does not typically cut deep and narow
asperities in the pad, but rather asperities thal are shallow and
broad. Therefore the face portion of a particle will dress a
CMP pad at a reduced rate conrpared to the apex portion ofa
particle, but the superabrasive particle will wear at a much
lower rate.

The edge ponions ofa superabrasive particle have dressing
and wear characteristics that arebetween those ofthe face and
apex portions. It has been thought that ifthe edge portion is
utilized to dress a CMP pad, the asperities are not as deep or
narrow as lhose dressed with anapex portion, but may provide
asperities having desirable intermediate characteristics. Fur-
ther, the edge portion of the particle does not wear at such a

high rate as that ofan apex.
In one aspe.ct, the plurality of superabrasive particles are

substantially all configured in an altitude having either an
apex portion oriented toward a pad to be dressed. In another
aspect, the plurality of superabrasive particles are substan-
tially all configured in an atlitude having either an edge por-
tion oricnted toward a pad to be dresscd. In yet another aspect,
the plurality ofsuperabrasive particles canbe configured in an
attitude having a sharp portion oriented lowards a pad to be
dressed.

12
A CMP pad dresser having such substantially leveled tip

arrangemenls can have a low scratch rate because superabm-
sive particles are less likely to pull out offie matrix layer due

to their more unilbnn protrusion distribution cornpared lo
traditional dressers. Additionally, the more uniform protru-
sion distributions ofsuch a dressers allows the conditioning
of CMP pads in such a manner as to facilitate good polishing
rates while at the same time extending the effective working
life of the dresser. These benefits can be affected by, for
example, uniform asperity spacing and size distribution in the
CMP pad.

In one aspect, as is shown in FIG. 2, a mcthod of condi-
tioning a CMP pad can include 202 pressing a CMP pad

dresser against a CMP pad, 204 the dresser including a mono-
layer ofa plurality ofsuperabrasive parlicles protnrding from
a matrix layer, wherein the difference in protrusion distance
between the highest protruding tip and the second highest
protruding tip of the monolayer of superabrasive particles is
less than or cqual to about 10 microns and the differencc in
protrusion distance belween the highest l0 protruding lips of
the monolayer of zuperabrasive particles are within about 20
microns or less. The method can further includc 206 rotating
the dresser against the CMP pad such that asperities are cut
into the CMP pad having a maimum cutling depth of about
60 microns. In another aspect, as is shown in FIG. 3, the
method can further include 302 rotating the CMP pad, 304
applying a slurry to a polishing surface of the rctaling CMP
pad, and 306 applying a workpiece to the polishing surface
such that the workpiece is polished by the asperities in com-
bination with the slurry.

In another aspect of lhe present disclosure. superabrasive
tip leveling can be accomplished by manufacturing the CMP
pad dresser in such a way that the effects of warpage are
minimized. For example, in one aspect a CMP paddressercan
be made in at leasl a two stage process, where the first stage is
perfomred 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 arangement,
such as, for example, by brazing. The second stage of the
prccess can furthcr cnhance the leveling of superabrasive
pafiicle tips across the CMP pad dresser.

Various exemplary configurations of CMP pad dressers
having substantially lweled tips are contemplated. ln one
aspect, for example, a CMP pad dresser can include a first
monolayer of superabrasive particles disposed on one side of
a melal support layer and a second monolayer of superabra-
sive particles disposed on the metal support layer on an oppo-
site side from the first monolayer. The superabrasive particles
ofthe second monolayer are positioned to have substantially
the same distribution as the superabrasive particles ofthe first
monolayer. A rigid support is coupled to the second mono-
layer of superabrasive particles opposite the first monolayer
to provide support to the dresser.

As is shown in FIG. 4, a first monolayer of superabrasive
particles 402 is arranged on a surface ofa metal support layer
404. A second monolayer of superabrasive particles 406 is
arrangd on the metal suppofi layer 404 on a side that is
opposite to the first monolayer. As is discussed further below,
in some cases the first and second monolayers of superabra-
siveparticles can be arranged suchthat corresponding supera-
brasive particles across the metal support layer are in substan-
tial alignment, as is shown in FIG. 4. ln other cases, the
superabrasivcparticlcs ofthe fust and sccond monolayers can
be arranged in a substantially similar distribution. but may or
may not be substantially aligned with one another across the
metal support layer.
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The metal support layer can be any material capable of
supporting the dianond monolayer during tool formation.
Such materials can include, withoul limitation, metal male-
rials, metal alloy materials, braze alloy materials, ceramic
materials, composites, and the like. 5

In one aspect, the superabrasive particles can be arranged
into a predetermined pattern. Such a pattern can be a uni-
formly distributed pattern or a non-uniformly distributed pat-
lern. Additionally, a variety oftechniques are contemplated to
facilitate the arrangement of superabrasive particles into a lo
predetermined pattern. Predetermined is understood lo mean
a non-random pattem that has been determined prior to
ananging the superabrasive particles. In one aspect. a prede-
termined pattern can also apply to a predetermined spacing
between particles. NonJimiting examples of suchtechniques rs
include arrangement by a template, arrangement using spots
of adhesives, arrangement on a fust subsfate followed by a
pattcrn spccific transfer from the firsl subslrate 1o the metal
support layer, and the like. including combinalions thereof.
ltre superabrasive particles from either ofthe monolayers can 2o

be temporarily held in position in lhe pre<lelermined pattem
using a variety of techniques, including, without limitation,
adhesives, dimpled locations on the metal support matrix, a

supporting compound such as, for example, a wax, and the
like, including combinations thereol'. In one specilic aspect, 25

the superabrasive particles can be temporarily coupled to the
metal support layer using an adhesive that then volatilizes
away and is eliminated during constn:ction ofthe dresser.

In one aspect, the predetermined pattem can be a uniformly
distributed grid. In another aspect, the predetermined pattern lo
can be an nnnular confguration having a central region
dwoid of superabrasive panicles. In one specific aspecl, the
annular configuration can inctude an annular ring. In another
specific aspect. the annular conliguration can include a por-
tion of an annular ring. In yet another aspect. an annular 35

configuration can include one or more concentric annular
rings nested inside one another. In other aspects, the mono-
layer distribution can be discrete radial regions, spiral
regions, and the like.

The disposition of a monolayer of superabrasive particles 40

on each side of the metal layer thus moderates the thermal
shrinkage 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 of the
metal support layer, warping forces such as thermal move- 45

ment and pressure can be equalized or substantially equalized
on both sides. As such, the warpage of the metal support layer
can be minimized. In other words, the lbrces responsible lbr
warping are applied substantially equally to each side ofthe
metal layer and can thus at least parfially cancel one another so

oul, thus minimi2fug warpage that can otherwise occur. In
some aspects, the superabrasive particles making up the
monolayers on each side ofthe metal layer can have matching
configurations, pattems, or orientations to one another. In this
way there can be a substantially matching spatial arrange- 5s

ment of superabrasive particles on each side of the metal
Iayer. In another aspect, the conligurations, pattems, or ori-
entations can be different or varied from one another, or may
be partially matching. ln yet another aspect, the pattemed
placement of the superabrasive particles on one side of the oo

metal support layer can be substantially aligned with the
pattern of superabrasive pa(icles on the other side of the
metal layer so tbat particle locations match one another. In
somc aspects, lhere can be a direct corcspondencc between
the spatial positioning of superabrasive particles on one side os

of the metal zupport layer and the spatial positioning of
superabrasive particles on the other side ofthe metal support

t4
layer. In another aspect, the pattems of superabrasive par-
ticles may match or substanlially match one another, but may
be offset on opposite sides of lhe metal support layer so that
particle locations do not match one another.

Accordingly, rninimizing the warpage of the metal suppon
layer can maintair: a greater degree of leveling of superabra-
sive particle tips in the linished tool. When heat and/or pres-
sure are used to make a superabrasive tool, warpage ofthe
rnetal supporl layer can cause great variations in tip height
level, even for those particles that were leveled prior to heat-
ing and/or applying pressure. In one aspect, distributing the
warpage forces equally or substantially equally on both sides
of a metal support layer through the arrangement of the
superabrasive particles can effectively cancel forces on
opposing sides and thus greatly reduce the degree ofwarping
occurring in the n:etal support layer, thus also minimizing the
relative height movement ofthe superabrasive particles rela-
tivc to one anothcr. In other aspccts, CMP pad dressers can be
made using processes that do nol utilized highpressure and/or
high temperature.

In another aspect, as is shown in FIG. 5, a first monolayer
of superabrasive particles 502 is arranged on a surface of a

metal support laycr 504. A second monolayer ofsuperabra-
sive particles 506 is arranged on the metal support layer 504
on a side that is opposite to the first monolayer. A bonding
material 508 sercures the Iirst monolayer and the second
monolayer to the metal support layer 504. The bonding mate-
rial can be any malerial capable of securing the fust and
second monolayer 1o the metal support layer. In some aspect,
the bonding material can be the same for securing the lirst
monolayer and the second monolayer, while in other aspects,
the bonding malerial can be different for securing the first
monolayer and the second monolayer.

The bonding material can be any material capable ofsecur-
ing superabrasive particles therein. Non-limiting examples of
bonding materials include metal brazes, metal braze alloys,
organic matrix malerials, sintered materials, electroplated
materials, and the like, including combinations thermf.

In one aspect, for example, the superabrasive particles can
be brazed lo the melal suppon layet and thus the bonding
matcrial can be a metal brazc or mctal braze alloy. Metal
brazing techniques are known in the art. A green braze mate-
rial can be applied to the metal support layer on or around the
superabrasive particles. The metal braze can be applied in any
know configuration, including braze sheets, powders, pastes,
sprays, and the like. including combinations thereof. Once
applied to the metal supporl layer, the braze can be heated and
melted to coat at leasl a porlion of the metal support layer and
to bond the superabrasive particle;. The healing tempemture
can vary depending on the braze material used, but in one
aspect can be Aom aboul 700o C.1o about 1200o C. The
superabrasive particles in the first and second monolayer are
thus arranged such that thermal forces exerted on the metal
support layer during heating and cooling are substantially
equalize in order to minimize warping.

In one non-limiting example, the superabrasive particles
can be bonded to the nretal suppod layer by brazing with a
nickel-based alloy containing chromium. In another example,
the brazing can include pressing the superabrasive particles
with a flat ceramic material that cannot be bonded to the braze
in order to level the superabrasive particle tips. Various braze
alloys are contemplated, including non-limiting examples
such as BNir, BNir, and the like.

Additionally, in one aspecl al least one of the first and
second monolayers ofzuperabrasive particles can be coupled
to the metal support layer by an electrodeposition process,
and thus the bonding material can be an electro deposited
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netal rnaterial. As an example of a suitable method for posi-
tioning and retaining abrasive materials prior to and during
the elu:trodeposition process, a mold can be used that
includes an insulating material that can effectively prevent the
accumulalion of electrodeposited material on the molding
surface. Superabrasive particles can be held on the molding
surlace ofthe mold during electro deposition. As such, the
accumulation ofelectro deposited malerial can be prevented
from occwring on the particle tips and the working surface of
the pad conditioner substrate. Such techniques are described
in U.S. pateut application Ser. No. 111292,938, filed Dec. 2,
2005, which is hereby incorporaled herein by reference.

In another aspect. the superabrasive parlicles can be
bonded to the metal support layer by sintering, and thus the
bonding material can include a sinlering material. For
exanrple, the boudhg of the superabrasive particles to the
metal support layer can include disposing a sintering com-
pound on thc mctal support laycr in contact with al least one
ofthe first monolayer and the second monolayer and sintering
the sintering compound to bond the at least one ofthe first
monolayer and the second monolayer to the metal support
layer. Suitable sintering methods will be readily appreciated
by onc ofordinary skill in thc art having possession ofthis
disclosure. Basically, a sintering compound is applied around
the superabrasive particles and in contact with the metal sup-
port layer. The sintering compound can be any known sinter-
ing material that can be used 1o secure superabrasive particles
1o a substrate. NonJimiting examples of such materials can
include metal and metal alloy powders, ceramic powders. and
the like. One specific non-limiting example of a sintering
conrpound is cobalt powder.

Once the sintering compound has been applied around the
superabrasive pa(icles and to the metal suppott substrate,
heat and in some cases presswe can be applied to cause
sintering to occur. In some aspects, a braze or braze alloy can
be infiltrated into the sintering compound during bonding to
further strengthen the bonding material matrix.

In another aspect, as is shown in FIG. 6. heat and pressure
can be applied to bond the llnt monolayer of superabrasive
particles 602 and/or the second monolayer ofsuperabrasive
particlcs 606 dircctly into the mctal support layer 604. Thus,
upon the application ofheat and pressure, the melal support
layer 604 is softened or panially melted. 'Ihe superabrasive
particles in one or more of the monolayers are then pressed
into the metal support layer. A planar leveling surface can be
rused to apply pressure to the monolayer and thus mainlain the
level nature ofthe superabrasive particle lips as the supera-
brasive particles are pressed inlo the metal support layer.
Upon cooling, the distribution ofsuperabrasive particles on
either side ofthe metal support layer at least partially equal-
izes the thermal forces acting on the metal support layer. thus
nrinimizing u'arping.

In yet another aspect, as is shown in FIG. 7, a CMP pad
dresser can include a first monolayer of superabrasive par-
ticles 702 and a second monolayer ofsuperabrasive particles
706 coupled to a metal support layer 704. The superabrasive
particles can be coupled to the nletal support layer directly or
via a bonding malerial. The second nronolayer ofsuperabra-
sive particles 706 is coupled to a rigid support 708. A porrion
of the rigid support 708 is shown removed in FIG. 7 to expose
the second monolayer. The rigid support 708 can facilitate
handling and use of the CMP pad dresser. By bonding the
superabrasive particles of the second monolayer to the rigid
support, thc first monolaycr of superabrasivc particles
remains exposed for CMP pad conditioning operations.

The rigid support can be made from any material compal-
ible with the abrading or dressing process. Such materials can

r6
include polymeric materials. metal malerials, ceramic male-
rials, glasses, composites, and the like. In one aspect, the rig.id
support can be a polymeric material and the second mono-
layer of superabrasive particles can be embedded therein
using heal, pressure, adhesives, etc. In some aspects, the rigid
support can be a non-polynreric rnaterial such as a metal layer.
In such cases, the superabrasive particles can be bonded to the
rigid support by adhesive attachment, soldering, brazing,
electroplating, and the like. For brazing techniques, care can
be taken 1o minimize or eliminate warpage in the metal layer
during the heating and cooling process. In another aspect, one
or more magnetic elenrenls can be placed into the rigid sup-
port to atlract and hold the cMP pad dresser in place, thus
forming a temporary anachment. An optional locking mecha-
nism can be utilized to further immobilize the CMP pad
dresser to the rigid support during use. In some aspects the
rigid support can include surface features to hold the dresser
in place during rotational movcmcnt against a CMP pad. The
rigid support can have approximately the same diameter as
the metal support layer, a larger diameter than the metal
support layer, or, in some cases, a smaller diameter than the
metal support layer.

In another aspc.ct, a CMP pad dresscr can be comprised of
a plurality of dressing segments having a plurality of leveled
superabrasive particles tips, where the plurality of dressing
segments are held in place by a rigid support. Such a design
allows a plurality of smaller dressing segments to be manu-
factured having precisely leveled tips. Smaller diamelermelal
support layers in these dressing segments can be made by
processes involving heat and/or pressure with less warpage
due to their smaller size. For example, a 4 inch diameler metal
disc can exhibit greater warping due to brazing as compared
to a 0.5 inch diameter metal disc. Thus thermal distortion and
particle floating problems are decreased. A plurality of such
dressing segments can then be coupled to a larger diameter
rigid support by processes that do not introduce significant
warpage, such as bonding in an organic material. Such dress-
ing segments can have one or more layer(s) of superabrasive
particles coupled to a support layer. In one aspecl, a segment
can have a single layer ofsuperabrasive particles coupled to a
metal support layer. In anothcr aspcct, a segmcnt can have a

layer of superabrasive particles coupled to each side of a

metal support layer, as has been described herein. Thus, this
process allows the manufacture of CMP pad dressers thal can
have precise tip protrusion tolerances. Additionally, in one
aspect, each dressing segment can have at least three supera-
brasive particles that protrude to the grealest extent. Ifthe
three highest protruding superabrasive particles on every
dressing segment are leveled across the entire rigid suppo(, a

CMP pad dresser is made having very precise tip leveling
across the entire surface. If, for example, ten dressing seg-
ments are used to malie the CMP pad dresser, then lhe highest
protruding thirty superabrasive particles in the tool will have
eflectively the same prolrusion distance and be substantially
leveled. Various additional details regarding dressing seg-
ments are detailed in U.S. patent application Ser. No. 13/034,
213, filed Feb. 24,2011. which is hereby incorporated herein
by reference.

Various organic materials are contemplated for use as a
rigid support and/or to be used to secure the second mono-
layer ofsuperabrasive particles and/or the dressing segments
to the rigid support. Examples of suitable organic matrix
materials include, without limitation, amino resins, acrylate
resins, alkyd resins, polyester resins, polyamide resins. poly-
imide resins, polyurethane resins, phenolic resins, phenolic/
latex resins, epoxy resins, isocyanate resins. isocyanurate
resins, polysiloxane resins. rcactive vinyl resins. polyethyl-
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ene resins, polypropylene resins, polystyrene resins, phenoxy
resins, perylene resins, polysulfone resins, acrylonitrile-buta-
diene-styrene resins, acrylic resins. polycarbonate resins,
polyimids 1gsins, and mixtures thereof. In one specific aspect,
the organic material can be an epoxy resin. In another aspect,
the organic material can be a polyimide resin. In yet another
aspect, the organic material can be a polyurethane resin.

Additionally, so-called "reverse casting" methods can be
used 1o accurately orient and attach the dressing segments to
the rigid support. Such methods can include initially securing
the plurality of dressing segmenls to a substrate using a
"mask" material. The portions of the dressing segments pro-
truding from the mask material can then be anached to the
rigid support using the methods discussed herein, afler which
(or during which), the masking material can be removed.

When an organic nraterial is utilized, methods of curing the
organic material can be a variety ofprocesses known to one
skilled in the afi that cause a phase transition in thc organic
material liom at least a pliable state to at leasl a rigid state.
Curing can occur, without limitation. by exposing the organic
material to energy in the form of heat, electromagnetic radia-
tion, such as ultraviolet, infrared- and microwave radialion,
particle bombardment. such as an clectron bcam, organic
catalysts, inorganic catalysts, or any other curing method
known to one skilled in the art.

ln one aspect of the present invention, the oryanic material
can be a thennoplastic material. Thermoplastic materials can
be reversibly hardened and soflened by cooling and heating
respectively. Inanotheraspect, the organic material layermay
be a themrosetting material. Thennosefting nraterials cannot
be reversibly hardened and softened as with the thermoplastic
materials. In other words, once curing has occurred, the pro-
cess can be essentially irreversible. ifdesired.

As a more detailed list of what is described above. organic
materials that may be useful in embodiments of the present
invention include, but are not limited to: amino resins includ-
ing alkylated urea-formaldehyde resins, melamine-formalde-
hyde resins, and allylaled benzoguanamine-formaldehyde
resins; acrylale resins including vinyl acrylates, acrylated
epoxies, acrylated uethanes, acrylated polyeslers, acrylated
acrylics, acrylatcd polycthers, vinyl cthers, acrylated oils,
acrylated silicons. and associated methacrylates; alkyd resins
such as urethane all,yd resins: polyester resins; polyamide
resins; polyimide resins; reactive urethane resins; polyure-
thane resins: phenolic resins such as resole and novolac res-
ins; phenolic/latex resins: epoxy resins such as bisphenol
epoxy resins; isocyanate resins; isocyanurate resins; polysi-
Ioxane resins including allylalkoxysilane resins; reactive
vinyl resins; resins marketed under the BakeliterM trade
name, including polyethylene resins, polypropylene resins,
epoxy resins, phenolic resins, polystyrene resins, phenoxy
resins, perylene resins, polysulfone resins, ethylene copoly-
mer resins, acrylonitrile-butadiene-styrene (ABS) resins,
acrylic resins. and vinyl resins; acrylic resins; polycarbonate
resins; and mixtures and combinations thereof. In one aspect
ofthe present invention, the organic material may be an epoxy
resin. In another aspect, the oryanic nralerial may be a poly-
imideresin. Inyetanotheraspect, the organicmaterial may be
a polyurethane resin.

Numerous additives may be included in the organic mate-
rial to facilitate ils use. For example, additional crosslinking
agents and lillers may be used to impruve the cured charac-
teristics of the organic material layer. Additionally, solvents
may bc utilized to altcr the characteristics of the organic
nraterial in the uncured state.Also, a reinforcingmaterial may
be disposed within at least a portion ofthe solidified organic
material layer. Such reinforcing material may function to

18
increase the strength of the organic material layer, and thus
further improve the reteilion of the individual abrasive seg-
ments. In one aspect, the reinforcing malerial may include
ceramics, metals. or combinations thereof. Examples of
ceramics include alumina, aluminum carbide, silica, silicon
carbide, zirconia, zirconium carbide, and mixtures thereof.

Additionally, in one aspect a coupling agent or an oryano-
metallic compound may be coated onto the surface of a

superabrasive material to facilitate the retention of the supera-
brasive particles in the organic material via chemical bond-
ing.Awide variety oforganic and organometallic compounds
is known to those of ordinary skill in the art and may be used.
Organometallic coupling agents can form chemicals bonds
between the superabrasive materials and the organic malerial,
thus increasing the retention of the superabrasive materials
therein. In this way, the organometallic coupling agent can
serve as a bridge to form bonds between the organic material
and the surface ofthe superabrasive matcrial. In one aspc.ct of
the present invention, the organometallic coupling agent can
bea titanate, zirconate, silane, ormixture thereof. The amount
oforganometallic coupling agent used can depend upon the
coupling agenl and on the surface area ofthe superabrasive
material. Oflentimes,0.05% to l0lo by weight ofthc organic
material layer can be sulficient.

Specific nsnlimiling examples of silanes suitable for use
in the present invention include: 3-glycidoxypropyltri-
methoxy silane (available from Dow Coming as 2-6040);
y-methacryloxy propyltrimethoxy silane (available from
Union Carbide Chemicals Company as A-174); B-(3,4-ep-
oxycyclohexyl)ethyltrimahoxy silane, 1-aminopropyltri-
ethoxy silane, N-(B-aminoethyl)-1-aminopropylneth-
yldimethoxy silane (available from Union Carbide, Shin-etsu
Kagalr Kogyo K.K., etc.). Specific non-limiting examples of
titanate coupling agents include: isopropyltriisostearoyl
tilanate, di(cumylphenylate)oxyacetate titanate, 4-ami-
nobenzenesulfonyldodecylbenzenesulfonyl titanate, tetraoc-
tylbis (ditridecylphosphite) titanate, isopropyltri(N-ethy-
lamino-ethylamino) titanate (available from Kenrich
Petrochemicals. Inc.), nmalkyoxy titanales suchas LICA-01,
LICA-O9, LICA-28, L[CA-44 and LICA-97 (also available
from Kenrich), and the like. Specific non-limiting examples
ofaluminum coupling agents include acetoalkoxy aluminum
diisopropylate (available from Ajinomoto K.K.), and the like.
Specific non-limiting examples of zirconate coupling agents
include: neoalkoxy zirconates, LZ-OI, LZ-09, LZ-12, LZ-38,
LZ-44,L2-97 (all available from Kenrich Petrochemicals,
Inc.), and the like. Other known organometallic coupling
agents, e.9., thiolate based compounds, can be used in the
present invention and are considered within the scope ofthe
present invention.

In other aspects of the present disclozure, superabrasive
particle tips can be leveled by reducing the protrusions of
particles that are oulside ofthe desired tolerance range. Once
such particles are identified, various lechniques can be uti-
lized to reduce such protrusions. ln one aspect, for example,
mechanical abrasion ofthe dresser can reduce the protruding
particles. In another aspect, a vibration tool can be used to
individually break suchparticles. Inyet anotheraspect, a laser
such as a Nd:YAG laser can be used to disrupt such particles.

In another aspect of the present disclosure, a method of
making a CMP pad dresser can include disposing a first
monolayer of superabrasive pafiicles on a metal support
layer. and disposing a second monolayer of superabrasive
particles on the metal support layer on a side opposite the first
monolayer. The superabrasive particles ofthe second mono-
layer are positioned to have substantially the same distribu-
tion as the superabrasive particles ofthe first monolayer. The
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method can frlrther include bonding the first monolayer of
superabrasive particles iurd the second monolayer ofsupera-
brasive particles to the metal support layer such that sym-
rnetrical lbrces due to the substartially sirnilar distribution
between the first monolayer and the second monolayer pre-
cludes substantial warping ofthe nretal suppofi layer.

ln yel another aspect, disposing al leasl one of the first
monolayer of superabrasive particles or the second mono-
layer of superabrasive particles can include adhering a plu-
rality of superabrasive particles to an adhesive transfer sheet
in a predetermined pattern established by apertures in a tem-
plate, and removing thc tcmplatc fmm the adhcsivc transfer
sheet such that the plurality ofsuperabrasive particles remain
adhered to the adhesive transfer sheet in the predetermined
pattem. The plurality of superabrasive particles is then trans-
ferred with the adhesive transfer sheet to the metal support
layer, and the adhesive transfer sheet is removed from the
plurality ofsuperabrasive particles to lbmr at least one ofthe
first monolayer of supcrabrasive particles or thc second
monolayer of superabrasive par1icles.

In a further aspect ofthe presenl disclosure, a method of
minimizing warpage of a CMP pad dresser during manufac-
ture can include substantially equalizing warping forces on
opposing sides of a metal suppon layer during bonding of a

plurality of superabrasive particles thereto, wherein warpage
of the support layer is minimized during bonding due to the
equalized forces on opposing sides. In one aspect, substan-
tially equalizing forces includes arranging lhe plurality of
superabrasive particles on opposing sides ofthe support layer
such ftat the plurality of superabrasive particles has substan-
tially the same distribution on either side of the support layer
1o substantially equalize rvarping forces during bonding.

In yet a further aspect of the present disclosure, a CMP pad
dresser can include a plurality of superabrasive particles
arranged as a working swface. where the difference in pro-
trusion distance between the highest pmtruding tip and the
second highest protruding tip ofthe first monolayerof supera-
brasive particles is less than or equal to about 20 microns, and
where the difference in protrusion distance between the high-
est 1 7o ofthe protruding tips ofthe first monolaycr ofsupera-
brasive parlicles. excluding the highest protruding tip. are
within about 80 microns.

In another aspect, a CMP pad dresser can include a plural-
ity of superabrasive particles arranged as a working surface,
where the difference in protrusion distance belween the high-
est protruding tip and the second higlest protruding tip is less
flran or equal to about 10 microns, the difl'erence in protrusion
distance between the highest prctruding tip and the 10" high-
est protruding tip is less than or equal to about 20 microns, the
difference in protrusion distance betweenthe highest protrud-
ing tip and the 100/'highest protrudingtip is less thanorequal
to about 40 microns, and the highest protruding tip has a

protrusion distance of greater than or equal to about 50
microns.

It is noted that. while the above disclosure refers primarily
to CMP pad dressers, other precision grinding and/or abrad-
ing tools are considerd to be within the present scope. As
such, the techniques and teaching disclosed herein can addi-
tionally be applied to such tools.

Additionally, it is noted that tradilional CMP processing
techniques, including pad dressing, has limited the critical
dimension of integrated circuits. The presently disclosed
CMP drcssing devices and techniques can, howwcr, allows
processing ofwafers having integrated circuit critical dimen-
sions of less than or equal to 45 nm, 32 nm, 28 nm, 22 nm, or
less.

20
Of course, it is to be understood that the above-described

arrangemenls are only illustrative of the application of the
principles of the present invention. Numerous modifications
and altemative arrangenrents may bedevised by those skilled
in the art without departing from the spirit and scope of the
present invention and the appended claims are intended to
cover such rnodifications a.nd arrangements. Thus, while the
present invention has been described above with particularity
and detail in connection with what is presently deemed to be
the most practical and preferred embodiments of the inven-
tion, it will be apparent to those ofordinary skill in the art that
numerous modifications, including, but not limited to, varia-
tions in size, materials, shape, fomr, function and manner of
operation, assembly and use may be made without departing
from the principles and concepts set forth herein.

What is claimed is:
l A method of conditioning a CMP pad, comprising:
pressing a CMP pad dresser against a CMP pad" thc dresser

including a monolayer of a plurality of superabrasive
particles protruding from a matrix layer, wherein the
difference in protrusion distance between the highest
protruding tip and the second highest protruding tip of
the monolayer of superabrasive parlicles is less than or
equal to about 10 microns and the difference in protru-
sion dislance between the highest l0 protruding tips of
the monolayer of superabrasive particles are within
about 20 microns or less; and

rotating lhe dresser against the CMP pad such that asperi-
ties are cut into the CMP pad having a maximum cutting
depth of about 60 microns.

2. The method of claim 1, wherein at least 100 tips of the
plurality of superabrasive particles cut asperities into the
CMP pad as the dresser is rotated.

3. The rnethod ofclaim 1, wherein at least 50 tips ofthe
plurality of superabrasive particles cut asperities into the
CMP pad as the dresser is rotated.

4. The method of claim 1, wherein at least 25 tips of the
plurality of superabrasive particles cut asperities into the
CMP pad as the dresser is rctated.

5. The method of claim 1, wherein substantially all of the
aspcrities are cut in thc CMP pad by superabrasive particlcs
located at a peripheral location ofthe dresser.

6. Ihe nrethod of claim 5, wherein the peripheral location
exlends from an outer edge ofthe dresser inwardly toward a

center point ofthe dresser for up to about 900/o ofthe dresser
radius.

7. The method of claim 5, wherein the peripheral location
extends from an outer edge ofthe dresser inwardly loward a

center point of the dresser for up to about 500/o ofthe dresser
radius.

8. The nrethod ofclainr 5, wherein the peripheral location
extends from an outer edge ofthe dresser inwardly toward a

center point of the dresser for up to about 330lo ofthe dresser
radius.

9. The method of claim L, wherein substantially all of the
superabrasive particles are located at a peripheral location of
the dresser.

10. The method of claim 1, wherein substantially all of the
superabrasive particles are arranged in uniform predeter-
mined pattern at a peripheral location ofthe dresser.

11. The method of claim 1, further comprising:
rolating the CMP pad;
applying a slurry to a polishing surface of the rotating CMP

pad;
applying a workpiece to the polishing surface such that the

workpiece is polished by the asperities in combination
with the slurry.
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12. The method of clairu 11, whooia the wortpiece is a
semicooductor device,

13. Tbe method of cl"im 12, whereiu ths E€mionductor
denice inclu&s orr€ ormoro layerc of Cq TLt, an oxide layer,
or a combinatioo thereof, J

14. Tbe msthod of claim 12, whelein tbe semiconductor
derrice has a node size of lesa than or cqusl to 28 nm.

15. Tbo oc&od of clarm 12, wheroia tbe eemicondrclor
device has a line width of lees rhan or equal to about 30 nm.

16. Tbe merhod of claim 12, whein the oe&icoodrctor to
dEr,zice is a waferhrving a size greater thao 400 um.

17. Tbe mahod ofcleim 11, whereinthe slurry ircMos an
abraoive selected ftom tho group cooeisting of ailicq ahmira,
ceria, md combinations thercof.

18. The metbodofclaim 11, whereiuth alurry irshrdeo au ts
oxidative compound.

19. The method of claim 1?, whcreiu tho oxidative com-
pomd is hydrogen pmxide.

20. The netbod of claim 11, wherein 6e CMP pad is
polyure&arc. N

+**aa
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