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WO 2006/039413 PC/US2005/035046 CMP PAD DRESSER WITH
ORIENTED PARTICLES AND ASSOCIATED METHODS FIELD OF THE
INVENTION 5 The present invention relates generally to devices and
winetheas{os use in connection with dressing or conditioningeawhermieabsoss
mechanical polishing (CMP) pad. Accordingly, the present invention
involves the chemical and material science fields. BACKGROUND OF
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computer manufacturing industry has begun to rely heavily on CMP
processes for pollshln wafers of ceramics, silicon, glass, quartz, metals,

o DEQEES INMENEHINSe in semiconductor fabrication. Such polishing
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prebf@tahmw@y\mm@waiemmmm anttda anrouatfoidbrasive particles
which act to physically erode the wafer surface. The slurry is continually
added to the spinning CMP pad, and the dual chemical and mechanical
BA@M@WH to be polished in a desired manner.
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azm ening of the top o mats the fibers down, 30
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it t@'%g usnsianificaatlyidgsrgases the pad's overall polishing performance.
Further, with many pads the
Of partxcuiar importance to the quality of polishing achieved, is the distribution of the

abrasive particles throughout the pad. The top of the pad holds the particles, usually by a
mechanism such as fibers, or small pores, which provide a friction force sufficient to prevent
the particles from being thrown off of the pad due to the centrifugal force exerted by the
pad’s spinning motion. Therefore, it is important to keep the top of the pad as flexible as
ijossibie, and to keep the fibers as erect as possible, or to assure that there are an abundance
of openings and pores available to receive new abrasive particles.

A problem with maintaining the top of the pad is caused by an accumulation of
polishing debris coming from the work piece, abrasive slurry, and dressing disk. This
accumulation causes a “glazing” or hardening of the top of the pad that mats the fibers down,
thus making the pad less able to hold the abrasive particles of the slurry, and thus
significantly decreases the pad’s overall polishing performance. Further, with many pads the
pores used to hold the slurry become clogged, and the overall asperity of the pad’s polishing
surface becomes depressed and matted. Therefore, attempts have been made to revive the top

of the pad by “combing” or “cutting” it with various devices, This process has come to be



pores used to hold the slurry become clogged, and the overall asperity of
the pad's polishing surface becomes depressed and matted. Therefore,
attempts have been made to revive the top of the pad by "combing" or
"cutting” it with various devices. This process has come to be -2- known
as "dressing" or "conditioning" the CMP pad. Many types of devices and
processes have been used for this purpgse. One such device is a disk
with a plurality of super hard crystalline particles, such as diamond
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being a predetermined dressing rate, predetermined rate of pad dresser
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superabrasive particles into an attitude that provides one of the

predetermined performance characteristic, such that superabrasive
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In accordance with a first aspect of the present invention, there is provided a method

for controlling a performance characteristics of a CMP pad dresser employing a plurality
of superabrasive particles, said performance characteristic being a predetermined dressing
rate, predetermined rate of pad dresser wear, or a predetermined balance of dressing rate
and dresser wear, comprising as part of the pad dresser fabrication process: orienting the
superabrasive particles into an attitude that provides one of the predetermined
performance characteristic, such that superabrasive particles in a central location on the
dresser are of a lower quality than superabrasive particles in a peripheral location on the
dresser, said lower quality being selected from lower internal quality or lower shape
quality, or wherein the peripherally located superabrasive particles have either an

octahedral or cubo-octahedral shape.



dresser are of a lower quality than superabrasive particles in a peripheral
location on the dresser, said lower quality being selected from. lower
internal quality or lower shape quality, or wherein the peripherally located
superabrasive particles have either an octahedral or cubo-octahedral
shape. - 2a In accordance with a second aspect of the present invention,
there is provided a chemical mechanicaé olishing (CMP) pad dresser
comprising: a substrate; and a plurality” 6f Superabrasive patrticles
attdehedodihe: sulistrateosaidpartidlas heisgheanbguoadiirrns piitudet a

that contrpls a predetermi erformance charagcteristic selected from _
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quaplyralitybisuppeabtesilly pariett supactbesiiedrticlasdivstedliemenbahedral
and origgg ga'lnt}?aan attitude that provides anticipated performance

or g 3?3%1@“5 ic 48 Sg‘rt of the CMP pad dresser fabrication performance.
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substrate, and then coupling a |5)Iura| Yy O su%)erabraswe particles to the
. theperéaamensa chatiateBtitheas igevabpiisies phelivies @l drosienteatdrmanhdresser
wed? Uiyl thaH BLRYINeS1ORHALARBESEE superabrasive particles in a predetermined
pattern or  configuration can enhance and optimize the dressing rate and dresser wear,
More particularly, a method that employs superabrasive particles to have a predetermined
attitude can control the dresser performance characteristics.
The method may invoive providing a substrate, and then coupling a plurality of

superabrasive particles to the substrate such that



characteristics. The coupled superabrasive particles can be substantially
configured in an attitude having an apex portion oriented towards a pad to
be dressed. Further, the superabrasive particles can be configured in an
attitude having an edge portion or face portion oriented towards a pad to
be dressed. Such varied orientation can alter the dresser performance

the SHRAIAGRERIGHIREOIANL ALKESTELINALDAS 85 PRIVTIZEHArRasing fate and

dresser wear. Superabrasive particles in a central location can be )
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Increase the wafer polishing rate while reducing the " particle wear. For
weapxample, the dresser rate and dresser wear can be balanced by

confighiing . BN Of £etiBlYORRIANTGIRS 01 ANAREK: 1Sing an

attitude of the peripherally located particles to be a face and any particles
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loca§ S8 ATRSIHQAJOHHRRUIBIZNI HIQSERE PO HO HITANESHNAYIBRIGE face or an

providing a CMP pad dresser haying a plurality of superabrasive particles
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haracteristics such as, lower.internal quality, lower shape quality, etc, It.
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ressing rate because they are prone to chipping and breaking.

partistee ihbmal fagseapigierparagies durirhesyesuch have crandivds of an edge oriented

towsHROr petARedral.deess less aggressively, however, have more durability,
allowing for a higher dressing rate. The durability also helps, shield the
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that%ra%ﬁ%%rs to %%%Ej g?lia%pees qqlﬁﬁys,esrugg gsolri[r%%ﬂf%? s@épes, can dress a CMP pad more
aggressively than those of higher shape quality, however, the lower quality particles have a
slower pad dressing rate because they are prone to chipping and breaking. On the other hand,
the higher shape qualities, such as octahedral or cubo-octahedral, dress less aggressively,
however, have more durability, allowing for a higher dressing rate. The durability also helps
shield the inner or central particles from excessive wear. Therefore, placing a lower quality
particle in the central location of the pad dresser and a higher quality particle on the
peripheral, can result in a balanced dressing rate and dresser wear.

iIn addition to the above-recited methods of use, the example embodiments also
disclose methods for producing a CMP pad dresser that optimizes dresser performance by
orienting the superabrasive particles in a predetermined pattern. Generally speaking, such a
method may include providing a substrate, selecting an attitude for superabrasive particles

that
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orienting the superabrasive particles in a predetermined pattern. Generally
speaking, such a method may include providing a substrate, selecting an
attitude for superabrasive particles that WO 2006/039413
WwBGIAAS20195/035046 -4 provides an anticipated performanger/us2605/035046
characteristic, orienting the superabrasive particles in an attitude in
relation to the substrate, and bonding the superabrasive particles to the
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theQR %mgpagﬁ@gepad dressing rate and dresser wear. Such optimized
performance can create a balance between dresser wear and dressing
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one em ment o e present invention. 20 FIG. 4 is a side view of a
m@mmmm&ﬁf@@é@%ance with one embodiment of the present
invention. DETAILED DESCRIPTION OF THE INVENTION Before the
present CMP ad dresser and accompan ing methods of use and 25
BREERBESCRIBHGN RIS LRI rbbag it is to be understood that this
Invem@nussraogldémmd dﬂaﬂl@/@ﬁiﬂ@dk&ﬂs@f@ﬁ%ﬁﬁ@tﬁnsamﬁlfﬂaé&fmﬁsdimem of the
disclpsed hereln but is extended to equivalents thereof as would be
PISSEOIRIPEPBY those ordinarily skilled in the relevant arts. It
FIG. 2 is a side view of a CMP pad dresser in accordance with one embodiment of the

present invention.

FIG. 3 is a side view of a CMP pad dresser in accordance with one embodiment of the
present invention.

FIG. 4 is a side view of a CMP pad dresser in accordance with one embodiment of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

Before the present CMP pad dresser and accompanying methods of use and

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

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

reference to one or more of such abrasive particles or grits.
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should also be understood that terminology employed herein is used for

the purpose of describing particular embodiments only and is not

intended to be limiting. 30 It must be noted that, as used in this
wspmoification and the appended claims, the singular forms "s¢'ramndodtheXoss

include plural referents unless the context clearly dictates otherwise.

Thus, for example, reference to an "alyasive particle” or a "grit" includes
refeg%@gl to one or more of such abrasive particles or grits. WO
2006/0484 P3P CT/US2005/035046 -5- Definitions In describing and

clairfrin thbing serkt dnievitip thetrsefshowirertiamitisidglloming derguaalogy will be

ws SRR e dellalinns.el ferh falaw. As used herein

“superabrasive particles” and "superabrasive grit" or similar phrases_ 5
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diatPeRNpoFertheslthedienmsd @tasiveltaialer digrds (didnaind polycrystalline
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e (R, (e s e S o el R
“pélgeeysialEnpdrnarditidRADSL Serdbr hsive nitragelcand édahiensiraligeitis boron

. 0.3.ctystalline; oL pelycrystalline material, or mixture of such
nﬁ?n&aéijf(e(ﬁ%l&?e‘ﬁ}étvinéy a Vickejf'ls rhardgessﬁi)f about 4000 Kg/mm?2 éerﬂgreater.

Such-arisastaeeinalsinerhars WitRo GHIRRER YR dRN R dSehirErpiengstbly, and
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art. )Nhi e superabrasive materials are very inert and thus difficult to forr,
VielrarhRAFBERAES ARt 199%RSHHTHE oA resCA AN G Il ggtoout
linGErosni dRmpsd, tHan turiebercapatite: aisRemicatyl reathagnaithials known to those

superabrasive materials at certain _temperatures.. As used herei |
S A oL S BHeOr & CA D Ir e ey S e Bt o
chattidlbspdmnetith, ithickmabrasive patictes:fivaye bmaffixetcSebdtratgsm and
titgf ST b é%@é%%ﬁ&%h@%%ﬁ%? BRRY REROSHRPS: (Diskness. of malerial.

that'is capable of supporting abrasive particles in a manner that is
tergpéfidiant.provide a tool. useful for its intended purpose.

As used herein, “substrate” means a portion of a CMP dresser which supports
abrasive particles, and to which abrasive particles may be affixed. Substrates useful in the
present invention may be any shape, thickness, or material, that is capable of supporting
abrasive particles in a manner that is sufficient provide a tool useful for its intended purpose.
Substrates may be of a solid material, a powdered material that becomes solid when

processed, or a flexible material. Examples of typical subsirate materials include without

Hmitation, metals, metal alloys, ceramics, and mixtures thereof. Further the substrate may

include brazing alloy material,

As used herein, “leading edge” means the edgé of a CMP pad dresser that is a frontal
edge based on the direction that the CMP pad is moving, or the direction that the pad is
moving, or both. Notably, in some aspects, the leading edge may be considered to
encompass not only the area specifically at the edge of a dresser, but may also include
portions of the dresser which extend slightly inward from the actual edge. In one aspect, the
leading edge may be located along an outer edge of the CMP pad dresser. In another aspect,
the CMP pad dresser may be configured with a pattern of abrasive particles that provides at

least one effective leading edge on a central or inner portion of the CMP pad dresser working
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Substrates may be of a solid material, a powdered material that becomes

solid when processed, or a flexible material. Examples of typical

substrate materials include without 25 limitation, metals, metal alloys,
woeramiassdnd mixtures thereof. Further the substrate may wmelugko0s/935046

brazing alloy material. As used herein, "leading edge" means the edge of

a CMP pad dresser that is a frontal edpe based on the direction that the
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gonfigured.to provide a fungctional effect similar to that of a leading edge
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erein, "céntrally located particle,” "particle in a central location" and the
drgfisermean any particle of a dresser that is located in an area of a dresser

that gigiRates-aha-SeniesRoNLefitae drearacancs DUWREINY and the
_towards the dresser's edge for up to about 90% of the radjus of the

Likgrgssariy RERRleRides it duloray LRaRASahaOR BT 2Bt cading
ed 2986 darabeut FQGeidiaadiusnds aihedpspeeisidtie asaaniayugxtestibut 90% of

out.to about 50% of 10 the radius. et another aspect, the area
RN BTGB 306 6F PRI GFR B Co0s AL B g ot 20% to
0% efifrarailyslobatelbk! dppmtic)elseinrea paripteatiochtigmuadtithe thkeadius. In yet
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e leading edge or outer rim o resser and extends inwardly towards

fromgheegstetbr up to about 90% of 15 the radius of the dresser. In some
aspegls,dherea may:exigeinwand . feuhabeut 2R 1oy ReRa BB Red towards

i AIPH o Qoming & dréssing Operation makes comtact W the pac Mostoften the

working end of a particle will be distal from a substrate to which the particle is attached.

As used herein, “quality” means a degree or grade of excelience. Each characteristic
or property of a superabrasive particle such as internal crystalline perfection, shape, etc, may
be ranked in order to determine the quality of the particle. A number of established quality
scales exist in the area of diamonds and other superabrasives, such as the Gemological
Institute of America (GIA) Diamond Grading Report or the GIA Scale, which will be well
recognized by those of ordinary skill in the art. |

As used herein, “amorphous braze” refers to a homogenous braze composition having
a non-crystalline structure. Such alloys contain substéntiaiiy no eutectic phases that melt
incongruenily when heated. Although precise alloy composition is difficult to ensure, the

amorphous brazing alloy as used herein should exhibit a substantially congruent melting

behavior over a narrow temperature range.
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another aspect, the area may extend in to about 33% of the radius of a
dresser (i.e. 66% away from the center). As used herein, "working end"
refers to an end of a particle which is oriented towards 20 the CMP pad

wang@uwing A dressing operation makes contact with the padedMastoftansoss
the working end of a particle will be distal from a substrate to which the
particle is attached. As used herein, "qgality” means a degree or grade of

excellence. Each characteristic, o : \Y ticl
e o e e

matsdetenidinecond waaitpl ahehdpanfientahurierscrebrablistdal.quamply which

enfigRlES @iahinJhenareaatdiamnends,ang other superabrasives, such as
the Gemolagical Institute of America (GIA) Diamond Gradin% Report or
i

the GYAVSEhRsIhiCRSH Bazingriietogrisirg iisse 8 8% SKIRTS

miRRi At A USRGLNEIRIN beAmQT PersEe !y eielsdR A aMeBe AN WEaZLs
composition haying a non-crystalline,structure. Such alloys contain _—

B S R R S T e S

subdthiniigh precise sdiajatiomipdsiomwistdiffitett tdlensutepthcbamaiphotsnponents

razing alloy as used.herein should, exhihit a.substantiall ngruent,. .

e e B B B R tosea

CORCAYHB2DOSIOEE Gubmay As wsssdhaniivl thallopbediaents of dsliprerchiyjimeention

a:dpixtuse 9t g metal with a second material, said second material may be a
non-metal, such as carbon, a metal, or an alloy which enhances or

impréVe$ A& BropdPaaE R & mBtadings idBis b refRbtalthi ssmafon of

chalaYal brazinaallayihe hrase Silow supiaze.Svadetisles and tRrozee addial,
be used interchangeably, and refer to a mertézcai alloy which is, capable of

FOtistni CRRPEBh BTG (PSP S0PAL0E 931 . SR B ARk ppBeride bond,

raﬂﬁﬁt@fdﬁl1&5&18%51@@&{6‘3@@3%1‘3%%&%&“&(]@iﬁ’a?d_cﬂae Tmstag&bh ébril_’zlil%” is used
paticular braze aloy componcots and composiins distlosed hereingic ...
not liited 10 the particular émbodiment disclosed Ih” conjunction
wike it d3is mey beosedt fieamylofitie embedirhendsgftiedepresarsed in the
Invention, A0.diselosed berain:As t5ed haLein, the Rracess ol tuaaingyis
m?ﬁ%ﬁ%&d Eno rtsafer toltﬁe creg%%h of chemical bolnds betvg\(/eeen tﬁggatomsvof
segmeeslioer Araads pritiBRid v eHEe IR PR AtER g bide, nitride, or boride former.

As used herein, in conjunction with the brazing process, “directly” is intended to
identify the formation of a chemical bond between the superabrasive particles and the
identified material using a single brazing metal or alioy as the bonding medium.

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

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

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

As used herein with respect o distances and sizes, “uniform™ refers to dimensions that
differ by less than about 75 total micrometers.

As used herein, “attitude” means the position or arrangement of a superabrasive
particle in relation to a defined surface, such as a substrate to which it is attached, or a CMP

pad to which it is to be applied during a work operation. For example, a superabrasive
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Further, "chemical bond" means a covalent bond, such as a carbide,
nitride, or boride bond, rather than mechanical or weaker inter-atom
attractive forces. Thus, when "brazing" is used 15 in connection with

wsupetahragive particles a true chemical bond is being formeglHoywenrssose
when "brazing" is used in connection with metal to metal bonding the term
is used in the more traditional sense.gf a metallurgical bond. Therefore,

razing of a super gira ive_segment to a.tool hody dges not require the..
SR S S G R R
tovemdjeidvBrpedth the brazing process, "directly” is intended to 20 identify

the TRumalion. b2 cherrigalgateiween e URCIARIBSINE PATIHER Al vards
identified mat d

the aterial using a single brazing metal or alloy as the bonding

therfddRipad ABd Buitng e divFsine PRERMG RIS FoCa T o Bh e digrhtdYipné often the
workipgtentiaty beat RN IO esiaNTasistankmael amdHehpavife adriy.

firing a non-metallic material, sometimes with a metallic material. A

NUMBE RS GERLR R IELLR QIR S TS E A LR B & R 6 iR &l lements,
andoranale:ae Wel i peitte adoineloing fvithauttmoied OHpalerainlbase Lists
oxides, silicon ,oxides, boron nitrides, silicon nitrides, and silicon.carbides
S R AT T L RBCE s e Lri oo SRR R
andnetaemetaltalof hos, mixtute ihereotmamdod pedifics bprintdUudem hitlisdmsta de
limited tq steel, iron i in, gad’. I
fe B T L o P on n
congrdistarecesahduinsscatigifornibesfaysay.dimensions that differ by less
than about 75 total micrometers. As used herein, "attitude" means the

posifiORGRERHINHRSHESH 418 IBFA PSSR S RN PRSBISITIRS 47 presented
hefi@fined susfaeemsuch ascwrubsitaieda whichdk sratigchethaotsaiteWiBereadfor
to which it is to be applied dyring,a work operation., For ex le,
ORI AT %%éﬁ%éﬂh?dg’éﬂﬁﬁﬁ%%@%o%@e{%%g‘?ﬁ61%?83}?’ the
nubRYe Avatitudeibalypreviebssalepanificqidntionngé thet paxitlenclude all the
. orientation toward a CMP pad. e 3, | d. refers 10 an
e Ve B TR 08 S RS
nugressihgroperadior makedscomiadtlyinriag. phelamdssiorian thaBBRIngIee of
«o 804 PhaRarice wiline,disial from;aSHBRIERISIANPIER &?Iﬁf?ﬁ?%ﬁd values of
attached. As used herein, a plurality of items, structural elements, .
abesid ﬁgg}ﬂg@ﬁ;ﬁ, SiEfepiaciude individual values and sub-ranges within the indicated
range. Thus, included in this numerical range are individual values such as 2, 3, and 4 and

sub-ranges such as from 1-3, from 2-4, and from 3-3, etc.

This same principle applies to ranges reciting only one numerical value. Furthermore,
such an interpretation should apply regardiess of the breadth of the range or the

characteristics being described.

The Invention

The present invention provides devices and methods for optimizing the dressing
performance of a chemical mechanical polishing (CMP) pad dresser that employs
superabrasive particles. By orienting such particles into certain attitudes, it has been
discovered that the dressing rate and dresser wear can be controlled. In one aspect,
performance is optimized through configurations that improve the longevity of the
superabrasive particles on the dresser and the useful service life of the CMP pad, while

maintaining sufficient CMP pad dressing rates.
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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 uniqgue member. Thus, no
windivglualemember of such list should be construed as a de @ fagimes/ 035046
equivalent of any other member of the same list solely based on their
presentation in a common group withgut indications to the contrary.

Congentrations, a r ical data ma
s Gy e e S O

invieniga foFhat M Ruisaticansis el Woimpbiient arbramialifla nabsinsesHbulpving a
plgisteRiieddiexiiyiainguds noboniv the Lopwaaticabyaiyes sxplicitly

recifed as the limits of the range, but also to include all the individual
SURTHRREHEY DAILEESO SRR RREOHTS AEEUdS M TmAdTaAgEsHEdresking
poRlNShGabyalue AN Skt angeis erplicttiesitae Chsrapdlastiatiodrasing

numerical range of "about 1 to about 5" should be interpreted to include
OPHBEBRIy the explicitly recited values of about 1 to about 5, but also include

individualpratiesiandisurafdesivithindinbtindicatedg2@tearfgeCVMitusd is

included in this aumerical range are individual values such.as 2, 3
gt e e eI e R ae,
V epionsipteca pp Hesetabrasiye saicien gnen Beondirmenire Heatyaispe v b erpoeent

i RER A terpretation. should applyregardlessofinehieadinefihgsange

t
or the characterisfics being described. 25 The Invention The present
polveithnsdomenidBibas g RestRdusifsreBith iR geliETdredlpspubic bom

nitﬂﬁéf?ibm@ﬁelﬁfs@ﬁ‘%%ﬁ! heshanitahfolishingl¢CMR) iRadddrersesiinatn one
employs superabrasive particles. By orien i%% such %articles :Pto cert%'&n
ar

2SRt B SIHPRE BRSHPRIRSESRAENE APt HELE T TSR Qs 0

octapdegl eaRiollRethin, anesaspeiasst parfiinanadisodptimidac thittdghape. For
configurations that improve, the longevity of the. superabrasive particles on

e R RS T T TOER e R AT I B and ST oo

ocstiffitienhaivPlhadgiressialy rats siad/d 2066/088utParticle would be considered to

be%%rxly%%%%ég%%%%? ?Ei%v%n%% %@%5&@%9@@?@&&&%@9% Al

ith-one embodimen e present invention. The CMP pad conditioner
froppetipel 88 $ca3slmeieitnetsrflat ddivinratly 1tbe sHemmigaive particles can be oriented

in many directions relative to the pad, but there are three major orientations or attitudes that
may affect the particle’s cutting or grooming behavior. These attitudes a expose either an
apex, an edge, or a face of the superabrasive particle towards a CMP pad being dressed.
Orienting the superabrasive particles in a specific attitude in relation to the CMP pad
to be dressed creates different asperities in the pad surface, thus altering the performance of
the CMP pad. Different asperities retain slurry in different manners and thus polish the
silicon chin wafer differently according to 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 superabrasive particles
predominantly have an apex oriented towards the CMP pad, the asperities of the pad will be
narrow and deep. The advantage of narrow and deep asperities are that the pad can better
retain the polishing siurry, and thus the polishing rate of the wafer increases. However, the
increased polishing rate may also increase the wear rate of the superabrasive particles. As
such, wear rate may vary considerably depending on the atfitude of the superabrasive
particles, and therefore, the orientation of each superabrasive particle may be considered

when designing a device with desired performance characteristics. Generally speaking,
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plurality of superabrasive particles 110, 120, and 130 coupled thereto.
Each of the superabrasive particles is oriented in a particular attitude that
provides a desired working 5 portion such as an apex, an edge, or a face

wihabantagss the CMP pad during a dressing operation. The©ptiRinaiaLs
of wear of the dresser and the dressing rate of a CMP pad is dependent
on many factors, among them the oriengation of the superabrasive

articles, Various 0, i i ili ' S
s T
a peRalpeives withelgs Wwisitidngeiarnd, polycrystalline diamond (PCD),

cubig hoyon, bittide cBN).andipoheastalline cibic R NiidedRsBNbe!Bad, the

some aspects, the superabrasive particles may include diamond. In one
reyiieesisE s menadipei e FartdR £ A BamHislesnesnialbh ipuent to
beGhikHE ?ﬁ%l@?@ﬂ&@ﬁ@h&&?ﬁcﬂwmrddﬁ&mmmh t‘)pemaéti@dﬁ&?aa, batehther

a predetermin ape. For 15 example, the, superabrasive partjcles.can
PRILES PEEI BALPE BY BRET o CEANER B oF S GRNBRI Ghdpl aross 2
CMPeiagdhndriehlbed mtseoenphsd pe thbrasiveqpactictd aveuldbebaotisidepechieasive

e with'irl1 the scope _oLtlhe Qre%ent invention, in one aspect the particles

Pal a muc Iower

rﬁ%lf %lngvére%r 876 H6m About 100 to 350 micrometers. Additionally, the

sup€eFab m@we%ﬂﬁleﬁm@m@gﬁimm diresinensderaayvehroagieristics
thRadk putihere.aie &PE@@@JQ{Q&Q?&%QH@MQQ%%%%& ey Aectoe

the particle's cutting or grooming behavior. These attitudes a expose
Pogigieisaniligpdio g VBT pdatls SPRAASS 987 A0F S§i0eTP APRIT IBUFAE8 S
dr&MPpad beipexdiaserduuOHenting e spperabasive Beyliplesilicdnediate

specific attitude in relation to the CMP pad to be dressed creates different

haaGIES S R HESEd A AR SOTHAE SHER PR S RARER 8t SHTL e wote s

thfpad adfese nHaspe HtEsPeiainislwy il tifferaih bmapnedn af suifuusbpalishparticles

hthe 25rsili08n hi%v%/gfer differentlﬁ accor ingt S etgt depth, width,
HRSRTRES TR PSP & B AT B o AN A% Sresser can be
orierRet-aotpeginig toHe. detieedupbiishirguirabacteristiciodfsthes €ioPn having

v2P8gs Forerample.fihe superabrasive partgles aMﬁ99m§q§y1§§eg§@gex

apex oriented towards the CMP pad, the asperities of the pad wi

orisatedipniat dawg. [T e dasesAtaywiBT srFeliy dneriddisaisira ritlds aibegastoriented
g3 hetek2Q retain: theRalishing sl ecant thusthaRalishiRgto be

to
rate of the wafer increases. However, the increased ;%ollshln rate may

drggegs!ipcradsRemRbrallY fataist RAECGhdr o ALrberp teRimEr < bR PivesH:
invaﬁ@ié‘ﬁaﬂ_aﬁf%m@sj@‘@rahi%i@g@@t@@hﬁwc@ébﬁbe\waé&maeaata@@.smpem@,@mm

provides centrally located particles that have aggressive dressing characteristics, while the
particles located on the periphery may be more durable and shield the inner and central
particles from excessive wear.

In another aspect of the present invention, FIG. 2 shows a CMP pad dresser 200
having a plurality of superabrasive particies disposed along a substrate 101, where the
centrally Jocated superabrasive particles 110 are disposed in an attitude with an apex orienied
toward a pad to be dressed, and the remaining superabrasive particles 130 are disposed in an
attitude with a face oriented toward a pad to be dressed.

FIG. 3 shows vet another embodiment of the present invention. In this embodiment, a
CMP pad dresser 300 is shown having a plurality of superabrasive particles disposed along a
substrate 101, where the superabrasive particles that are centrally located are disposed in an
attitude with an apex oriented toward a pad to be dressed 110, and the remaining

superabrasive particles have an attitude of an edge oriented toward a pad to be dressed 120,
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particles, and therefore, the orientation of each superabrasive particle may
be considered when designing a device with desired performance
characteristics. Generally speaking, WO 2006/039413
wBCiIbH#SR2095/035046 -10 superabrasive particle attitudes thatprepsiden3so46
higher dressing rates (i.e. deeper penetration into a pad) also wear
particles out at a higher rate. In contrast, if the superabrasive particles are

orieied Vi lreIRNErS lebads eatesulling.aspariasmay erlibBag

at a'lower rate. The face of the particle is generally thought to 5 be more
dregsaratfl@ ihshargo I HERE PREMLIEUP S RSP REITEH Harsadalons ettt 101,
whbHt Jaihen aeparilies fialrisshallauantdunasted heraipiemiberagay an edge

portion of a particle will dress a CMP pad Eéba r duq_%gr%éf Tgm&ged tob_ .
POYHRNABIRIBB IS L PURiIER, B oL HRESEDS iPEFpATRtIe WP R EPAT R ase
pafitiehiowebriged htsadgenperionsof fsupecablasirastaeticidhpad]30. In other

dressing and eay racterist'%cs .10 th%tc re b&et een th% einog; I;Lrgl%li%g
“pgﬁﬁ’ééb%gﬁ%n ! AR BEER HEUGH that f the’edge portion 1s utilized
an ipell ess1eeC M pdd tth € hEppeitiéw avkono) aw delefeoriniy dhsastiogeve

pagssed m@teho%ﬁn%gc?)fnpa%rgé?ﬁué%%ﬁ%ﬁg Quisle paRriiSs having dasiallesot
infermediate characteristics.

urther,the edge portion of the particle does
showot)varausaspeethigh ala@@a@temﬁﬂt@ﬂaﬁhaw.swﬁé&a&@ﬂh pfihgsuperabrasive
paﬁ{a%ﬁ{gytﬁ@m%&{ﬁﬂgmmaﬁaqﬂg@@@%ﬁ%&@dtﬂm&ﬁl@ a¥Ypad (not
exposed edge portions may provide a number of advantages. Referring
sheigin to FIG. 1, the plurality of superabrasive particles are shown having
varliqg%@ﬁi%aﬁwiﬂmm&a@m@n&emuﬁswa;gzﬁ@gmsmmﬁaﬂ tictedisomyes 2
include an apex oriented tfoward a pad to be dressed as with centrall
oA DB S AP S B TR R T e Geem e of
diftétbnpaitilites. 120: quaitasedtieated damiarduthecptotd Hedotdrsssgdrésle
with peripherally located particles 130. Suc '
s R Py BB s SR O B Bucdra
shashiaptageiss Dfiecarratige shert porévides mawﬂxﬁehmlpa%@@méresmg-
THIEVSAAIESRINE éifte&ééﬁqsis@ﬁﬂ%gﬁ%ftﬁygéd%!%%oqﬁw9&@@geﬁaxﬁ% Phte.
the periphery may be more durable and shield the inner and_central

Hyartieicks frone Sxe S5awaieatiols andiothe 1 pebioRthg iidkethey are prone to
chiPYERIAR BIG cAusboRAsMEhpad Bressesss b rhawneus i raliijbiing

superabrasive particles disposed along a substrate 101, where the "
octahrédral or cubo-gctahedral shgpes prov1de% g1gher shape quality anc[%r tt]ngher durability

having

quality. The higher quality particles lacks sharp portions as compared to irregular particles,
and are thus less prone to chipping, breaking, and subsequently scraiching the wafer.

The present invention further provides a method to utilize abrasive particies having
different qualities. For example, the present invention discloses a CMP pad dresser having a
plurality of superabrasive particles coupled to a substrate, where the centraily located
superabrasive particles are of a lower quality than the peripherally located superabrasive
particles. In other words, the peripherally located superabrasive particles are of a higher
quality. Lower guality can include a lower internal quality, a lower shape quality, etc. A
lower internal quality can include the number of flaws and/or inclusions in a superabrasive
particle. A lower shape quality can include a superabrasive particle having an irregular
shape, while a higher shape quality can include 2 superabrasive particle having an octahedral
or cubo-octahedral shape. The present invention presents an arrangement of superabrasive
particles where the higher quality superabrasive particles are located near the periphery of the

dresser, which helps to protect and shield the centrally located lower quality particles from
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centrally located superabrasive particles 110 are disposed in an attitude
with an apex oriented toward a pad to be dressed, and the remaining
superabrasive particles 130 are disposed in an attitude with a face

waorienéedvtagvard a pad to be dressed. 30 FIG. 3 shows yet apoties2005/035046
embodiment of the present invention. In this embodiment, a CMP pad
dresser 300 is shown having a plurality  superabrasive particles

di e rash 1]
o B MR cee: Pformance,
thup ol isipadrasdse Weaszediqamingridithe remaining superabrasive

partigies haveanatiiydepianatos.arispiedionada RadiabedieagedcvP
120. WO 2006/039413 PCT/US2005/035046 -11 In still another aspect of

PagisrES RIS BN s HaPFctEFTh FIE. %S EM P paddidessridngs
suBHRME) s ﬁlaafmg Mﬁi@liﬁé’i@f 3@@5&&;@@@3&9&3@3&6@&@ Qlﬁai(ijﬂb'@ﬁﬁ@

01, where centrally located syperabrasive particles are orjented in an . .
DeERRER S 5P i BB BALPTA T P CRIF ot o e AL R o
reli26h antiperiptreralynibbatdilsipetabsasiverSderticliés bémparientedaircted
AN '1%\95‘{%. S‘ﬁf%%ev%“'eu%téé"é"% T ihe 9@5‘4%&%9@%?{811 'Jé&%%erﬁade fa

aspeécts, substantia y all orthe s pera rasive particles may be oriented in
meipllttinpdenrasingoariepemotidited woward$ firxbivmgadaln dn showamlpdiment
mSHhniantially all siperabrasive particles may be oriented in an attitude

having an edge oriented toward the CMP pad (not_shown). Various

aspeagiglenifssrearitanipnibadiariantietpldetiaify e sraseabrasive particles to a
subdPRsaby asive-AopRdic esnmayheRrieatad in anattivge havnad (ace.S. Patent
oriented toward the CMP pad (not shown), | Qalteﬂﬂ%tév%embodimen Us
Ga%%éﬁﬂus%eﬁsﬁt%ﬂ‘é%?éée@ N enTRSCIOGES B B odh ?%ﬁn%%ﬁ@dtmg S
PafeM R peict slies Segap ertoNiranes 1y Mhgeh rasioep antinl e volfidliffenentporated

ugléties The quaJ['ﬁies retfiet[red to can include external superabrasive

8%1 y T CHCe 1n e eniirely. . .
h parti eef%rs apes an nternal superabrasive particle flaws or defects.

Irreghisal shalpeshfettieaisl shtped)partickesiplitdiocorbitrahahpt fontistes!
mcgaﬁagé%ﬁdw@%agﬁﬁ' Aoaressive, dressing T aese s PAItenS Sihown for

eep asperities in the pad that tend to increase polishing rate. However,
fopemg sttaite S panrb arelic Fe Y BReIRRimERgg ok dy Breitate the

b/ RS I CRIPRIAGERE PAYGAUSE w&f@g@@é&t%pg@nl PosampastuBhrasiMae
articles exhibiting 20 qctahedral or C% o-octﬁhedral shapes prO\{jgﬁ_1 gation or

P S [ C
SURHRSP K BRGNS GRS AR Tt B P e powder pror to sol

consolidation. During the brazing or consolidation step, the abrasive particles are chemically
bonded to the substrate, providing a durable CMP pad dresser which may be less vulnerable
to particle chipping and dislodging. In addition, to the brazing method previously described,
the particles may be affixed to 2 substrate through electroplating methods.

In various aspects of the present invention, orienting the superabrasive particles in a
particular attitude can be accomplished by using magnetic fields or vacuums. Placement and
orientation of superabrasive particles through magnetic methods are discussed in U.S. Patent
4,916,869 and U.S, Patent 5,203,881, which are incorporated herein by reference. An
example of a suitable vacuum method may be found in U.S. Patent 4,680,199, which is
incorporated herein by reference. Essentially, a vacuum having a chuck designed to retrieve
abrasive particles through vacuum means and then dispose the abrasive particles on a
substrate is discussed. The vacuum chuck tubes in the chuck can be configured with
openings that orient the superabrasive particles into selected attitudes though a mechanical

matching process. Once the superabrasive particles have been properly oriented, the vacuum
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quality. The higher quality particles lacks sharp portions as compared to

irregular particles, and are thus less prone to chipping, breaking, and

subsequently scratching the wafer. The present invention further provides
wa metheskie utilize abrasive particles having different qualitiesr/Esreos/035646

example, the present invention discloses a CMP pad dresser having a 25

plurality of superabrasive particles coupied to a substrate, where the
sty Iocaisd SURSIAass BTUGIERALSOLAIANEL AAITHE hat Withou

Benpheraﬁ;%oca%e superabrasive particles. In other words, ﬁ1e ]
dispetipieraticiientbd dtipsiabf duhvapalticldharessitasAgidr pribfssseonih
ori U CANDElEE Alower IRtarnal QualiteAdanek ShaPe fvRlbasgle A

lower internal quaiity can include the number of flaws and/or inclusjons in

a sub@m@%iwgg%%}g@éng Wﬁgﬁaﬁ‘f&aﬁ%ﬁﬁp@dﬁ% o feyiged by those
skiiReraREasiME PRI RAMBEAR Hegularashapge iR RIGReSBaNeh and the

quality can include a superabrasiv%tpar .ftie haviné%gn octahedrgl %us while the
PRI O NS AFSI RIFRRET A pre RN B S8E 58 M ARgement 0
pré&dperakiakiveapasialdssefterkathe higiie patialityriyparbirasive qpanicies: with

are located near th riphery of the .dresser ich helps rqQte d
S A A e e st piiR e S sies ae
inRET0H) $20050 B5pA6nt 1tetip plrydnabekBlkingherté thae samerous modifications,
imgazfiﬁil%%%i R0 SRR GanLQl GMBRAY Sresser-RerlosmMARCR N Hs RHZ R r of

resser wear and dressing rate. The present invention additionally
operitiompaieal s TR rhammc ity ienaming dpur Sxsingdlat Ard
col&RiNsdNeaReIRSARCE, such a method may include providing a 5 substrate,
selecting an attitude for superabrasive particles that provides an
anticipated performance characteristic, orienting the superabrasive
particles into the selected attitude in relation to the substrate, and
bonding the abrasive particles to the substrate in the selected attitude.
The substrate of the various aspects of the present invention can be made
of a metallic, a ceramic, a powder, a metallic powder, or a flexible
material. In a one embodiment 10 the substrate can be stainless steel.
Particle placement and methods and materials for affixing superabrasive
particles to a substrate in predetermined configurations, such as grid,
may be found in U.S. Patent 6,039,641, U.S. Patent 6,286,498, U.S.
Patent 6,368,198, and Applicant's copending U.S. Patent Application
Serial No. 10/109,531 filed March 27, 2002, each of which is incorporated



15 herein by reference in their entirety. Finally, the superabrasive particles
may be coupled to a substrate that is made of metallic powders. Metallic
powders may be selected from a number of materials known for fonning a
substrate. Further such metallic powder may contain brazing alloys to
facilitate the brazing of the superabrasive particles. In a preprocess step,
in forming a substrate, the 20 superabrasive particles may be disposed
into the metallic powder prior to solidification or consolidation. During the
g or consolidation step, the abrasive particles are chemically
bonded to the substrate, providing a durable CMP pad dresser which may

1. be lgsguulperable magt@l%&mpm angdislodging: Ih@dditian, e employing a
Tazn}g method rewoulslsy Cri ed the articles.m L@( be aﬁlged tQ a
S

P BstlaX TSN St BpISHAG WBHHBHS, 28 TH VA IS BRI Sy ted dressing rate.
plﬁ@é@@n@dnvmméoéremhmﬁe M@Yﬁb?ﬁ%@@éﬂ@@s% Heyshutiotdagnd dresser wear,
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substrate to which they will be fixed without disturbing or altering the
attitude of the particles. The result is a CMP pad dresser with oriented
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6. The method of claim 5, wherein the superabrasive particles include diamond.

7. The method of claim 1, wherein the superabrasive particles are arranged in a predetermined
pattern.

8. The method of claim 7, wherein the predetermined pattern is a grid.

9. The method of claim 1, wherein the superabrasive particles have a predetermined shape.

10, The method of claim 9, wherein the predetermined shape is a euhedral shape.
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invention, it will be apparent to those of ordinary skill in the art that
numerous modifications, 10 including, but not limited to, variations in size,
materials, shape, form, function, manner of operation, assembly, and use
woayobesaasle without departing from the principles and coneepisseisfathe
herein. 14 CLAIMS 1. A method for controlling a performance
characteristics of a CMP pad dresser-erpploying a plurality of
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predetermined dressing rate, predetermined rate o ad dresser wear, or
cuboppedbedradishagidalance of dressing rate and dresser wear, comprising
as part of the pad dresser fabrication process: orienting the superabrasive
particles into an attitude that provides one of the predetermined
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ina p%\rﬂi}oheral location on the dresser, said lower quality being selected
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peripherally located superabrasive particles have either an octahedral or
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dresser wear. 4. The method of claim 1, wherein the performance
characteristic is an optimized balance of dressing rate and dresser wear
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diamond (PCD), cubic boron nitride (cBN), and polycrystalline cubic

boron nitride (PCBN). 6. The method of claim 5, wherein the
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grid. 9. The method of claim 1, wherein the superabrasive particles have a
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17.  The method of claim 12, wherein said superabrasive particles are electroplated fo said

substrate,

18.  The method of claim 1, wherein superabrasive particles in a central Jocation on the
dresser are disposed in an attitude with an apex oriented toward a pad to be dressed, and
remaining abrasive particles are disposed in an attitude of either a face or an edge oriented

toward a pad to be dressed.

19.  The method of claim 1, wherein superabrasive particles in a central location on the
dresser are disposed in an attitude with an apex oriented toward a pad to be dressed,
superabrasive particles in a peripheral location on the dresser are disposed in an attitude with
a face oriented toward a pad to be dressed, and any particles therebetween are disposed in an

attitude with an edge oriented towards a pad to be dressed.



11. The method of claim 9, wherein the predetermined shape is either an
octahedral or cubo-octahedral shape. 12. The method of claim 1, wherein
the superabrasive particles are attached to a substrate 5 selected from
the group consisting essentially of metallic materials, flexible materials,
ceramic materials and mixtures thereof143. The method claim 1, wherein
said superabrasive particles are substantially all configured in an attitude
having an apex portion oriented towards a pad to be dressed. 10 14. The
method of claim 1, wherein said superabrasive particles are substantially
20. all Toafigthedoiiaimaltithdeihavingan@dge partiorarentdd teivard a pad
to be dressed. 15. The method of claim 1, wherein said superabrasive
particles are substantially all 15 configured in an attitude havmg a face
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wherein said superabrasive particles are chemically bonded to said
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particles are electroplafed to said substrate he method of claim 1,
wherein superabrasive particles in a central location on the dresser are
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octa%@ﬁ‘ra?g’r Eﬁ%%@ﬂ}gd@@ﬁb\é‘e particles are disposed in an attitude of either a
face or an edge oriented toward a pad to be dressed. 19. The method of
claim 1, wherein superabrasive particles in a central location on the
24. dreSSermarddisposed 10, arhatlitute iwighiansapexporidited towanghasgiae doessing action
haP§ dressed; gf]%&gperabrasive particles in a peripheral location on the
dresser are disposed in an attitude with a face oriented toward a pad to
be dressed, and any particles therebetween are disposed in an attitude
25. withTan eededorferfted towards aphthperiiediessedcid6hR0. aThe Methdadwefi00 to 350
micsidim.L, wherein the lower quality is a lower internal quality. 21. The
method of claim 1, wherein the lower quality is a lower shape quality 22.
The method of claim 21, wherein the lower shape quality is an irregular
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supgrabtasive particles have either an
a plurality of superabrasive particles attached to the substrate, said particies being configured in an
attitude that controls a predetermined performance characteristic selected from the group consisting of
optimal pad dressing rate, optimal pad dresser wear, and optimized balance of dressing rate and dresser
wear , wherein superabrasive particles in a central location on the dresser are of a lower quality than
superabrasive particles in a peripheral location on the dresser, said lower quality being selected from
lower internal quality or lower shape quality, or wherein peripheralty located superabrasive particles have

either an octahedral or cubo-octahedral shape.

27. The CMP pad dresser of claim 26, wherein said superabrasive particles include members selected
from the group consisting of: diamond, pelycrystaliine diamond (PCDY), cubic boron nitride {¢BN), and
polycrystalling cubic boron nitride (PCBN).

28. The CMP pad dresser of claim 27, wherein said superabrasive particies include diamond.

29, The CMP pad dresser of claim 28, wherein said superabrasive particles have a predetermined

shape.



octahedral or cubo-octahedral shape. 24. The method of claim 22,
wherein the irregular shape provides a more aggressive dressing action
than an octahedral shape. 25. The method of claim 1, wherein said
superabrasive particles have a size from about 100 to 350 micrometers.
26. A chemical mechanical polishing (CMP) pad dresser comprising: a
substrate; and a plurality of superabrasive particles attached to the
substrate, said particles being configured in an attitude that controls a
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consisting of optimal pad dressing rate, optimal pad dresser wear, and
31. Opt'ﬂ@%!ﬁﬁcﬁeggegrc%salﬁg ﬂeﬁg%ﬂr%sgzre&&g%ingghs%%%wis a qgctahedral or cubo-
superabrasive particles in a central location on the dresser are of a lower
octGHR RN superabrasive particles in a peripheral location on the
dresser, said lower quality being selected from lower internal quality or
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include members selected from the group consisting of. diamond,
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CMP pad dresser of claim 28, wherein said superabrasive particles have a

34.P re%lée E‘M’P%&dsﬁ&%&%r %? _cﬁgn Tz*@? \QIM%IP @eq cp tg érggrggx %agﬁt?c?esvg&e Egi)@tanti ally all
MP pad

the predetermined shape is a euhedral shape. 31. The C dresser
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octahedral shape. 32. The CMP pad dresser of claim 26, wherein said
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having an apex portion oriented towards a pad to be dressed. 33. The
PreqeiGiP BEbPalEEser of claim 26, wherein said superabrasive particles are
substantially all configured in an attitude having an edge portion oriented
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wherein said superabrasive particles are substantially all configured in an
attitude having a face portion oriented toward a pad to be dressed.
37. The CMP pad dresser of claim 26, wherein said superabrasive particles are chemically bonded to

said subsirate.

38. The CMP pad dresser of claim 26, wherein said superabrasive parficles are electroplated to said
substrate.
39. The CMP pad dresser of claim 26, wherein superabrasive particles that are centrally located are

disposed in an attitude with an apex oriented toward a pad to be dressed, and any remaining abrasive

particies are disposed in an aftitude of either a face or an edge oriented toward a pad to be dressed.



35. The CMP pad dresser of claim 26, wherein said superabrasive

particles are arranged in a predetermined pattern. 36. The CMP pad

dresser of claim 35, wherein the predetermined pattern is a grid. 37. The

CMP pad dresser of claim 26, wherein said superabrasive particles are

chemically bonded to said substrate. 3& The CMP pad dresser of claim

26, wherein said superabrasive particles are electroplated to said

substrate. 39. The CMP pad dresser of claim 26, wherein superabrasive
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ard a pad to be dressed. 18 40. The CMP pad dresser of claim 2
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an attitude with an apex oriented toward a pad to be dressed,
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attitude with a face oriented toward a pad to be dressed, and any
particles therebetween are disposed in an attitude of an edge oriented
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wherein the lower quality is a lower internal quality. 42. The CMP pad
dresser of claim 26, wherein the lower quality is a lower shape quality, 43.
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irregular shape. 44. The CMP pad dresser of claim 26, wherein the higher
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pad dresser of claim 43, wherein the irregular Shape provides a more
OC‘@Q‘H% dressing action than an octahedral shape. 46. The CMP pad
dresser of claim 26, wherein said superabrasive particles have a size from

45. aboplgel(gggo 22 QuIUCOppRIGs. £/ - (hIRGINGM 1AL MAPVIAGIUENG & CMBore agpressive

4
pad dresser as recited in Claim 26, comprising thé steps of: providing a
dressingriige tam ae frE SR htR%e for superabrasive particles that provides

predetermined performance characteristic; orienting the superabrasive
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100?05]5 dng the atbraswe particles to the substrate in the selected attitude.
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47. A method for manufacturing a CMP pad dresser as recited in Claim 26, comprising the steps oft
providing a substrate;
selecting an attitude for superabrasive particles that provides predetermined performance
characteristic;
orienting the superabrasive particles into the selected attitude in relation to the substrate; and

bonding the abrasive particles to the substrate in the selected attitude.



