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RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No. 60/846,416, filed
5 on September 22, 2006. In addition, this application is related to U.S. Application No.
11/229,440, filed September 16, 2005. Each of these applications is incorporated herein by

reference in its entirety.

FIELD OF THE INVENTION
The present invention relates to abrasives technology, and more particularly, to tools and
10 techniques for conditioning polishing pads such as CMP pads used in the microelectronics

industry.

BACKGROUND OF THE INVENTION
A pad conditioner is generally used to condition or dress polishing pads for polishing a
variety of materials including semiconductor wafers, glasses, hard disc substrates, sapphire
15  wafers and windows, and plastics. These polishing processes usually involve use of a polymeric
pad and slurry containing a plurality of loose abrasive particles and other chemical additives to
enhance removal process by both chemical and mechanical actions.
For example, an Integrated-Circuit (IC) fabrication process requires numerous
manufacturing steps including mainly deposition, etching, patterning, cleaning, and removal
20  processes. One of the removal processes in IC fabrication refers to chemical mechanical
polishing or planarization (CMP)-process. This-€MP process is used to produce flat (planar)

surfaces on wafers. Typically, polymer pads are used to polish, and during the process, the pads .
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Anot her enbodi ment of the present invention provides a nethod for
manuf acturing a tool for conditioning a CMP pad. The nethod incl udes
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(e.g., front side and back side that are substantially parallel to
each ot her, although they need not be parallel). The nmethod further

i ncludes coupling abrasive particles tp.at 15 | east one of the first
and second sides of the support nenber with a netal bond, wherein at
| east 95% (by wei ght) of the abrasive particles have, independently,
a parti cird rsndom ptteings The lraer-rativie sp&'ﬁngnmy besitetantialljhthe tamed for all abrasive
manuf act ur e have,an_abr asjve cle tiongof reate
Chan apotiF 0B 2y 2P Jabr i bF apient i RpES0RE BlhBh e s et Rlrct
particl &@Kﬁﬂgsl daR be bdhievedNidr enammiply| By peliid hlﬁélﬁasﬁ\mé}ﬂacﬁ@elﬂ:(guidh&ﬁat has openings
substanti no alrasive particles e to oth ‘if'r aS| v

particl e¥t A TFRPIGH "gﬁfcweﬁ‘ﬁgépac‘f‘ﬁeﬁf‘%‘?mﬁ 188 ’taémﬁz-‘\l}% G
out - of - ffoa} MRQSBs @fvlula@i%ﬁoﬁc?éﬂng’ﬁ@?érf&atﬂ)@gld tfi@ﬂlﬁﬁec(;ﬁﬂel% s d;wf@}a@ibﬁs)may
es

Coupling the abrasive particles to_at |east one t he si

support Hengsetsedia Hloy %E&‘ISlnﬁﬁﬁHOIHWd |aﬁ]3ﬁ'5’l§f8éumfé’o'?fa%&& iisreby reducing lift-up
el ectr opdrahé Behzing! AT i 6ne §x%l‘f & b 1th9'inepar1 %hcﬂgﬂa&hﬁ lﬂ'geat%bé’ Br braze foil
particles to at lNeast one of e sl des of e support nenb I'n one
such casrecsupititely “thﬁ@llhﬁ!led?KWetal?Paﬁlt br@meﬁnlcbwm pajtesn bf amnm;s,t wish each

b I
eV s SO (A, 45 LS Dhod 08 IR0,
fil MG o faxm i grabtpagers subpstantiallysiinida tothe phiters ofyperitgsrenber p05| t i oni ng
abrasi ve party ‘o‘l gxs %dﬁlrlen% ﬁﬂﬁé ?éseRP’ﬁ&ér&?&e QITOH} gsﬁ RE@gd ﬁﬁplahufg&tpn%}%’t%gf

a green part, seque
t he grednr mdtt:onmg taH@vIR lpgd c Meerinetibt ymcbminsjpxtohehr@tpr sa@putenqemben lahving avxﬁiﬂsth

e o apRas@ind Pah ot BF Sioh o EEER S RFop SISl iRl O srdiane’

foil, b raahmlgh aipa@r netd ot pe pdraliedlt iTha methad durtheainelufaicbupling bbipevd M@ﬂesma

;Bgulg ﬂ gﬁ%rfaé@ﬁ B?CDP(FW@Q%??E %%i po%lll}brIBISEV an’lets}l %%rt]d W%Bl%%ltat east

2008/ 03@8%2@89?5!&@2}01121&%54 partxéles hpe! tridejead@itlz,ea grtidld iz 18t about

parti cl Positio t articles cl ude, for

bl e S5 U0 I oS SPOAGFS 1S of 8534 BAFs eqpopiratet sger

in or omhAtaloaeaborR afRdivd phriks/ibe mgza:a&gwtelﬂamcxeén@ﬁtﬁﬁe%r%aﬁnd %qmeﬂg
is configured to receive one of the abrasive particles. one such

case, opanickgaaging s hatpabstantiallypo abasiysapartiglessrg wughing gAR[E’PFﬁSb/ﬁtP@’éIﬁHS
hexagona) (RakjchIdise, i 185IC) mdiGhGureBRPhY M SlS:- ﬂQLﬁ@s%'o‘f@esEﬁ{aB BbR%.0R
a plurality of open| ngs in or on at |east a portion of razi ng
film naynqhﬁ?c(SQ(felmcmmet@saan%fPL@hnamlapraﬁiqe @attiglge o ef least os plhetsideg ol the
| east o r i t

compr i o " aas i BRI b AL B iledh RS C U L ARRAER) sk

| ayer ofor @hlégihﬁ@brﬁék’fé peitinfenist 4t &Rgstthie 0§ﬂ1easiﬁwef thesuppelt esmiet. Hintohe such
adhesi v t

br agi v eSO aARERRRs AR LY BP0 B one ol
at [2éastides qudhet jupporbinembe itheezirargng dllopn Haredbmangiuniuylesd]osﬂmg bbtazing ftihe
abr asi ve parti %heegf Qs%dgseoﬁﬂ‘xgesﬁ VAR W | I.t.be. appar.ent YEQ I ixghtt1 of
this disc osure coupl’in SR aﬁots'i Qjtigg apeoIay PTHEES Oh Al T 2
t he si deertiofi of e lsru:ppg)ﬁlm e fdrer a greyn pm,l dnd efirnpahie ket Ppert @hdasmibsequently
particles to the firs ond side of th

erber STUOLTE st F QP Shorhie Ratond Sigoreatpticle ik ha bRges gy t
particl eﬁshppoattmdnaﬂatl‘mmﬁg ﬂi]hﬂzaﬁ bélgsr exbmplaSscBbiRd Bbin thEHBES condiStinFrRy
|nclﬁde a g 2|n F o pboth the fjrst and second sides
of £ 2@5‘5@ | Bfassio, 5& ?T%f"%“r?@s By srers 1l yeihnegpralionso Thapyznge
first skgenal hhm tmlamg,tfoﬂﬁmﬁe 1t tidbdbkden Rb & 119 ab& 6044 b r @6




- 5 - brazed to the back side of the tool, in accordance w th another
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BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 is a schematic cross section view of a CMP pad conditioning tool having a
single layer of abrasive particles on the front side, in accordance with one embodiment of the
present invention.

Figure 2 is a schematic cross section view of a CMP pad conditioning tool having a

single layer of abrasive particles brazed to the front side and a single layer of abrasive particles



5 invention may range, for exanple, fromabout 0.01 inches to as |ow
as about O inches. The desired out-of-flatness may vary greatly from
one appl i cwbi2008/36892 he next, dependi ng on desired perf aramws2607/079154
criteria. As used herein, "working surface" refers to a surface
of a pad dresser and accordingly to a side of the corresponding
support nenber that, during operation,sfaces toward, or cones in 10
contact with a CVWP pad or other such polishing pad. Abrasive
particles are positioned on the working surface. Figures 1 and 3
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25 Series). Any particle size that allows a plurality of abrasive
particles to be brazed to a side of a support nmenber w thout any two
of the abrweoi2ves/qeenvti cl es being in contact is suitabl e rdiovs2exangabe,
particle sizes in the range fromabout 15 mcroneters to about 350

m cronmeters. In one enbodinent, the particle size is such that

i ndi vi dual abrasive particles can pengfrate the pores of a polyner
CWP pad that is to be conditioned. As a result, the anmount of slurry
aggl onerate that 30can collect in pad pores is reduced, leading to
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abr asi véieqsadtontctﬂi‘e@atms/@ay Verd epeiin &iom gne aaplpfatdqn t@lﬂee s%elemndlnew detived
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one. The, abrasive grains e positioned, for exanple, in the form

of one HistaRgH ds hamppimn leng%aet“e%a%vow= PREPRIRfcbedIE Grghe surface of the
sub- pat Lgh§ve paRfddaatd &hdl pBRBbERI cﬁﬁhésxﬁﬁ@é oﬂtséﬂet%ba@%%fve%&uaed
accordi ngly a shape of the pattern pattern shape 1s acceptable
in various efybtgH herRinsa cﬂ’fe@h’é“p'feéf%'iﬁ’ta Haﬁ\Pé'ﬁW)(‘?PF“g fFPdsléJﬁr@r@ft%odl nent s,
thesghape ofplle,pajdern i s adjust ed to be simlar to the shape of
t he side of e support nenber é{ if the support nenber has a-
circul ar si déigure A@rqyides e sehematic usirattlempﬁctlalsm@a)ms thtaradirezed iy onsi sids of
grain patherns,ane.s & vl ’ 0
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substantially parallel to each ather, wherem one of the two sides can be referred to as a front side

and the other side can be referred to as a back side. Other embodiments of the present invention
may haves planar sides that are non-parallel.
30 The support member may be made, for example, of any material that substantially

withstands the chemical and mechanical conditions during the process of conditioning of a CMP



refers to an arrangenent of objects in which each object that does
not define the border of the 30 pattern has six objects surrounding
it I n equawodoeigsrde. An exanpl e hexagonal pattern i s shows2oor/oFIgur e
5. Random abrasive grain patterns (e.g., where grains are randomy
distributed on the WD 20081036892PCT/ US20071079154 - 9 - substrate)
can be used as well. Such patterns inciude pseudo-random and chaotic
or fractal patterns. One or nore sub-patterns as descri bed above and
one or nore random patterns may be conbined to form m xed patterns.
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I n sone such enbodi nents, the braze is in the formof a brazing film
which is a film sheet or |ayer of brazing alloy that may have

per forati oW 236889 have adhesi ve on one or both of | tRCTHISA#S079154
Brazing filns include brazing tapes or brazing foils. Brazing tape
may include, for 10 exanple, an organic binder that holds the netal
all oy powder in place and has an adhesgve backing on one or both
sides, and is commercially available with relatively small

t hi cknesses (e.g., about 25 microneters or less). On the other hand,
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- 12 - Thus, one detail ed exanpl e enbodi nent of the present
invention is a tool for conditioning a CWP pad that includes a
st ai nl ess woewisdb®R having a front side and a back si degT/es2osaziing
alloy; and a plurality of dianonds. The di anonds are brazed to both
the front and back sides of the stainless steel disk by the brazing
all oy, at |east about 95% (by weight)_ot the 5 dianonds having a
particle size of |less than about 85 mcroneters. Alternatively, the
back side of the stainless steel disk has only the brazing alloy
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30support nenber (regardless of whether both sides have an abrasive)
I's one technique that allows for a | ow out-of-flatness value (e.g.,

| ess t han ®.00D08/43689Res), particularly for support nenbercr/us20dxbroiss
that are relatively thin. A simlar benefit can be had through the
use of inert filler particles. Nonetheless, the step of bonding a
brazing filmmy alternatively includggbonding a brazing filmto only
one side (e.g., front side) of the support menber, and the step of
positioning includes positioning abrasive particles on that one side
to for mirhe gneds paickel dlhyﬁm@hgaz oiftemiiint @ghotme ndrodi (8RN aboud 1186 by weight.

out - of - f ess_val ue e t 0, enmbodi ments havi ng
bal ance PB‘E‘)‘ﬁ EIF? af 4 H‘e‘ﬁ? qi’laﬁ’f“ biﬁ Haéﬁﬁfﬁg hromium  bigzey Hgt cap ke jupgdein
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fol |l ow ng.gxa | es: Il:ff g(p[& 8128FEPA D76 200/ 230 nesh di anonids
(source: I%‘l? cagjMilfjap b Yok At spef brgss parchegised torferm Bmze films
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(U S. Si,eve Series) shown below. The follow ng distribution o
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15 Compared with braze paste, brazing tape and brazing foil have an advantage that they produce a

consistent braze allowance (thickness of braze). Compared with braze paste and brazing tape,

brazing foil melts more uniformly and quickly, so as to allow for higher productivity in the

manufacture of CMP dressers. A number of bond schemes will be apparent in light of this

disclosure. The perforations previously noted refer to a plurality of openings or gaps in a brazing

20 film. The perforations can be used to allow out-gassing of volatized adhesive during brazing,

thereby preventing lift-up of the brazing film, and may further be used to establish desired grain

patterns. Recall that such perforations may also be used to facilitate desired grain patterns and

concentrations. Perforations may have any form, including but not limited to circular,

rectangular, oval, and triangular. Perforations.may, for example, be made by laser or photo-

25  chemical machining, or any other suitable process.

Figure 3 provides a schematic illustration of diamond grains that are brazed to one side of

a support member, with the other side of the support member having only a layer of braze (no

abrasive particles). The previous discussion with reference to Figures 1 and 2, and with respect

to details regarding the support member, abrasive particles and bond types, is equally applicable

30 here. Coupling of the same bonding material to-each of the two sides of the support member,

independently, with or without particles, allows for smaller out-of-flatness values for the tool,
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m nut es) paridcuddrlypfor ftioose dna*a'nlg ﬂﬁlbblﬁ)pdlﬁglﬁ&ﬁlﬁ)eﬁf mﬁﬁd(éﬂﬁ@&) cF]f Flguhre 3, brazél)s tBe
0. 002" th| k foil (sour TechEt ¢ch, Pl ynput w th a hexagona
array of bopding;agg- El b*08 mat“éfe ﬁmg@fgm i Vé’rp)art%)é AfcorplRd e or5 %‘Ilq Hithe
preci se e;mbpmremmbexoﬁncs irﬁg|(®1t@ rresﬁ)ecl@@h{eétﬁbl\/rﬁﬁwfa@fmdn% RockR) b I¥Asarticles arg
muntedlng?wta gid frame_to cfrov de(%fm screen 5
the frarf@dPERIg the éﬁld&as‘ixml&af inRrt Cs dRgludg axilep:trides: legebiay, oatides,

usi ng a éiﬁrtmﬂkd)rsljébﬂﬁﬂgxﬁ@;ﬂ@&'ﬂé icles includeSArcAR4, 3finYiRa, RAA EﬂlE%]e%c%ﬁéf’t
appl i ed of the franmed foil and abrasi'ves wére pus into

the top

the desi ‘Igjf?éaa%%%ﬂn(bemsiﬂ &riexampplap mstghdhe eabivicopeiihergil e?@ﬁ@slmfrb@aze-
abr asi vefiRAchibin@$onN@! thatl tﬁé‘ﬂ%talﬂfa%‘ge cBmﬁfﬂatﬁH?letB' RS LE L },%%ﬂea
soft tipped paint brush (the abrasive particles were ?1 ’

di amond Sielt it Jidlers £an be pssd te Disksns vigdkingef bage to the Qia@tcerrs&aﬁﬁﬁy on which the

M Ccr onet L 16} rék )

lifted f'g eavfn%%gh‘éoﬁ?%ﬂpl%ﬁ@%% ’?Sg:a%\too 1aMr0 léts?fvﬂégﬂgsrt I'C es Oguckiﬁ%ei

t acklP br d@@f gt impeeve w@BYesishaceymdenn pparste wasn flirasaa, dmdeles:ma,c mmmsﬁecﬂf‘ ¢

ol 1 o, i RUmShOR e Breso e s £ HreBb ol b g e 165
pr ef or mabthﬁdJ ¥Rdinclesu| @thevasmbmdiradntsamiay dayr ecudbwahert-eblattessi spedifcations
| ayer of, Br%g%tﬁsi %Owqu&g 25 contiguous abrasive particles was

bonded to th a predefi ned thickness of braze.
Variations oifih¢ éthrssnemarmtiem:am@d mcbmdw:@meuﬁmadmmppomaﬁ&rahy%&bw &r

par tyi-cl ze n s .of the m ano

enbadi rr%?ﬁn?%\jgié}rg{é%g rg%sfb/‘gc' aﬂ}gflp‘i’"@ 6@% b QfiSPd HeFi e%s ?eoe"@ﬂﬁ’dgf’lﬂgu%lﬁ%ﬁom

m y br glzaebmmsg lilag ed othat boﬂdhﬁgt@ﬁh}: &anﬂlsdﬁstanﬁﬂlﬂ/ ag@f hﬁ{imﬁﬁ@@ma’gﬁﬁot 50
ere abrasi a S re,braz onto one side and inert fi

particl gépo(sﬁ 1 1rPccQ1i$a]c§\6ﬁl? Fst wasiial; yonshepichiakemipd it cashad thesbase e

3 W 2&&8&9%&92@@9&83@@%@3 Qﬂr%e'exﬁﬁed' s0 as to pré¥lleZa {if¥IBTak & bonded
t| on) braze tape (Vitta Corporation,

Wel ders Assqci ati on, de
Bt hol - CCFF T08 IR HLorm dineche g At efioncy a0 o hp Psteseing

(SOQOSt atiphtehgrikuioe Wil ABsknad oh Fhdtés msa liﬁ’eeg d Sd'BERVE ifdV¥iafd1”
bubbl esw;he tape thi ck%ss was 0.0 S : %)1 irfcﬁ%s : |t1 ta frﬁltlasélhc\)/%

(Vitta S5 SShWItIB%EHﬁ’éH"“d@FSI bw&‘sth&bbqsﬁ eﬂS ¢ generpb rile pithumb fthe thiakoess
make it of BékYiri@h Braze film is about one half its pre-firing thickness (precursor state thickness).

Similar guides apply to other metal bond types. Thus, given a desired amount of the exposed
surface for each abrasive particle and-the-average size of the abrasive particles, an appropriate
25  braze film thickness can be selected. For instance, given relatively round abrasive particles
having an average particle size of about 100 micrometers and a desired exposure of about 60%, a
braze film having a pre-firing thickness of about 80 micrometers could be used. After firing, that
braze film thickness will be about 40 micrometers, thereby leaving about 60 micrometers of each
grain exposed (which is about 60% of the grain surface in this example). With a range of
30" particle sizes, this calculation can be done, for example, from the perspective of the smallest

sized particle within the given range.
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20t hat behaves differently (e.g., cuts deeper and w der than its
nei ghboring particles) leading to an i nappropriate pad texture.

Dr esser

DeWeY 20p#/436%92Rel at i ve Di anond Concentration (% Benoipoewmdyiss

Standard 100 (about 86000 di anonds and filler total, placed in
uncontrol | ed fashion) (about 28963 di anonds/inch2) SGA-05-067 Single
sided, brazed, SARD pattern with diamand (FEPA 100/ 120 nesh

subsi eved to -155 um +139 um 4 di anonds per m®2) 10 (about 8600

di anonds total) (about 2896 di anonds/inch2) SGA-05-184 Single sided,
brazed, randdmoag particular case, the step of coupling abrasive particles to the support member
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includes brazing abrasive particles with brazing alloy to at least one of the sides of the support
member. Here, the step of brazing abrasive particles may include, for example: bonding a
brazing {ilm to at least one of the sides of the support member to form a layer of braze on each of
the sides to which the brazing material was applied; positioning abrasive particles on each of the
layers of braze to form a green part; and firing the green part to melt all layers of braze followed
by cooling the green part, to chemically bond the abrasive particles with brazing alloy to the
support member. The brazing film can be, for instance, braze tape, braze foil, braze tape with
perforations, or braze foil with perforations, as previously discussed. In one such specific case,
the brazing film is brazing foil, the support member is a stainless steel disk, the abrasive particles
are diamonds, and at least about 50% (by weight) of the diamonds have, independently, a particle
size between about 65 micrometers and about 75 micrometers. The step of positioning abrasive
particles on each of the layers of braze may include, for example: applying adhesive to all layers
of braze; positioning a placement foil having a plurality of openings on each layer of adhesive;
and contacting the abrasive particles with the adhesive through the openings. In one such case,
the openings form a pattern {e.g., such as a SARD™ pattern, face centered cubic pattern, cubic
pattern, hexagonal pattern, rhombic pattern, spiral pattern, random pattern, and combinations of
such patterns). As previously explained, a pattern may include 2 number of sub-patterns.
Further recall that the pattern of openings can be integrated into a brazing film as previously
discussed.

Further recall that abrasive particles and braze may each be applied to one or both sides
of the support member. In one example case, the step of bonding a brazing film includes
bonding a brazing film to both sides of the support member, and the step of positioning includes
positioning abrasive particles on both sides (e.g., front and back sides) to form the green part.
Alternatively, the step of bonding a brazing film includes bonding a brazing film to both sides of
the support member, and the step of positioning includes positioning abrasive particles only on
one side (e.g., front side) to form the green part. Here, the positioning step may finther include
positioning inert filler particles on the other side (e.g., back side) to form the green part. As
previously explained, bonding a brazing film (or other suitable braze) on both sides of the
support member (regardless of whether both sides have an abrasive) is one technique that allows

for a low out-of-flatness value (e.g., less than 0.001 inches), particularly for support members
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D76 200/ 230 nesh, subsieved to -85 ilm+65 un) (about 66220 di anonds
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+107 p. m 16 (about 13760 di anonds total) (about 4634 di anonds/i nch2)
Table 1 The SARDTM dresser SGA-05-067 has an abrasive grain
concentration that is about 90% | ower than the benchmark. The SARDTM
dressers SGA-05-184 and 187 were designed to determine the effect of
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15are relatively simlar for _the dressers tested. Dresser Relative

micrometers +65 micrometers. 3.6183 gram of diamonds were sieved using the sieves (U.S.
Sieve Series) shown below. The following distribution of diamonds on or through sieves of the

given mesh was obtained:

Sieve Grams %Y
15 On 116 0 0
On 85 0.1042 2.88
On 75 1.2697 35.09
On 65 2.1359 59.03
Through 65 0.1085 3.00
20 Through 49 0 0
3.6183 100.00

Accordingly, 35.09% by total weight of sieved diamonds went through the sieve of mesh
85 and 59.03 by total weight of sieved diamonds stayed on the sieve of mesh 65. All other
diamonds were discarded, Accordingly, 37.97% by weight of the retained diamonds had a
25  particle size of less than 85 micrometers and more than 75 micrometers, and 62.03% by weight
of the retained diamonds had a particle size of less than 75 micrometers and more than 65
micrometers. These diamonds were used in the manufacture of CMP pad conditioning tools, in
accordance with various embodiments of the present invention.
Example 2
30 A CMP pad conditioning tool with diamonds as abrasive particles on one side was

manufactured according to the following steps:
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1) a 304 stainless steel preform of 4” diameter and 0.250” thickness was cleaned by
ultrasonic degreasing, dry blasting, and solvent wiping to make it receptive to brazing;

2) 0.003” thick Vitta 4777 Braze tape (Vitta Corporation, Bethel CT) was applied to the
readied surface by hand and was leveled using an acrylic roller;

3) K4-2-4 adhesive (Vitta Corporation, Bethel CT) was applied, by brushing, onto the
exposed surface of the braze tape to make it tacky (the part was then allowed to sit for a finite
period (e.g., about 15 minutes) to allow for a suitable degree of tackiness);

4) a 0.002” thick foil (source: TechEtch, Plymouth MA) with a hexagonal array of
openings (0.004” to 0.005” diameter) was designed to allow precise placement of single grit
abrasives, and the foil was mounted in a suitable rigid frame to provide a foil screen;

5) the framed foil screen was placed in contact with the tacky surface using a screen
printing apparatus;

6) abrasive particles were applied to the top of the framed foil and abrasives were pushed
into the designed holes (only one abrasive per each opening), and extra abtasive particles not
captured in an opening were removed with a soft tipped paint brush (the abrasive particles were
the FEPA D76 diamond abrasive particles subsieved to -85 micrometers +65 micrometers as
described in Example 1);

7) the framed foil was lifted up leaving a controlled pattern of abrasive particles on the
tacky braze surface;

8) the green part was fired under vacuum (<1 mm Hg) in a furnace at 1020 °C for 20
minutes; and

9) the braze melted, and upon cooling, chemically bonded the diamond to the steel
preform. _

The end result was an abrasive product whereby a single layer of precisely placed non-
contiguous abrasive particles was bonded to a steel preform with a predefined thickness of braze.
Variations on this embodiment include one embodiment where abrasive particles are brazed onto
both sides of the preform, another embodiment where abrasive particles were brazed onto one
side and only braze was brazed onto the other side, and another embodiment where abrasive
particles were brazed onto one side and inert filler particles (e.g., zirconia) were brazed onto the

other side.
Example 3



0.9 Table 2 Based on these test results, various dressers configured
I n accordance with an enbodi nent of the present invention were

desi gned. o p@sbicessl ar, and due to hi gher packing effi g RS0 76915,
hexagonal array (such as the one previously discussed WIF'E Per 41 ehde

to Figure 5) produces nore 20 cutting points per unit area conpared
to a SARD' array. Thus, in order to maximze the dianond
concentration, dressers having two dianond arrangenments were
designed. The first is a true hexagonal array which yiel ds about

47,000 cutti ' ' ' . .
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| ow concentration of about 50 m cron di anonds (less than 2000

di anonds/ i ncES3MRleg| de Testing Results Bl anket TKOS
A braze paste was prepared by blending 2181 gm of Nicrobraze LM braze powder (Wall

Colmonoy Corporation, Madison Heights, MI) powder (< 44 pm) with 510 gm of a fugitive
liquid binder, Vitta Braze-Gel (Vitta Corporation, Bethel, CT) and 90 gm of Tripropylene Glycol
15 in a stainless steel container until a uniform paste was formed. The paste was applied to a four
inch diameter CMP dresser preform (304 stainless steel) using a doctor blade with a 0.008 inch
braze allowance. The coated preform was air dried, and then fired under vacuum (<1 mm Hg)
in a furpace at 1020°C for 20 minutes. The resultant cooled furnaced part consisted of the
preform with a coating of dense, non porous solidified braze. Vitta adhesive (Vitta Corporation,
20 Bethel, CT) was applied to the densified braze surface to make it tacky and diamond (100/120
mesh) was placed on the tacky surface using a hexagonal stencil. The part was subsequently re-
fired under the same conditions initially used. The braze re-melted and upon cooling bonded the
diamond to the preform. After the second furnacing, this dresser was indistinguishable from a
counterpart that was fabricated_ by applying diamond to a green braze tacky surface with a
25 hexagonal stencil. It will be appreciated that the same examples can be made using the diamond
from Example 1.
Example 5
Following the identification of a ceramic material such as zirconia, that is not wetted by
nickel-chrome braze, it was feasible to apply the braze with diamond (FEPA 100/120 mesh
30  subsieved to -155 micrometers + 139 micrometers) on both sides of a stainless steel back and

furnace it. In particular, two 0.0625” thick 430 stainless steel preforms were obtained, Braze
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was applied to one side of the first preform and to both sides of the second preform. Diamonds
were placed in a desired pattern. Both green parts were furnaced at 1020°C. The resulting tool
with braze on only one side was severely distorted. In particular, the tool was cupped, where the
center was 0.068 inches below the edges. In conirast, the tool with double-side braze had an out-
of-flatness of about 0.008 inches, a large reduction relative to the single-side brazed part.

Example 6

Field evaluation of various SARD™ dressers were conducted. The dressers evaluated are
shown in the Table 1. As can be seen, the SARD™ dressers were compared to a benchmark.
The benchmark was a Nickel electroplated product. Both diamond and filler are bonded to the
substrate with the Ni plating. As is known, electroplating processes can use fillers to effectively
control diamond concentrations to less than full (i.e., filler takes up space so that diamond is not
tacked to the entire preform surface). Although the benchmark dresser includes some 70 pm
diamond, the grain size ranges significantly, with some diamonds over 100 pm in size. In
addition, the diamonds were placed onto the substrate in a non-controlled manner thereby
providing undesirable results, such as particle stacking (e.g., where one diamond is plated on top
of another diamond, or where a filler particle is plated on top of a diamond) and/or excessive
particle touching (e.g., greater than 5% by volume of abrasive particles touching other abrasive
particles).  Such uncontrolled inter-particle spacing is problematic in pad conditioning
applications, as two small but touching particles effectively operate together as one large particle
that behaves differently (e.g., cuts deeper and wider than its neighboring particles) leading to an

inappropriate pad texture.

Dresser Description Relative Diamond Concentration
(%)
100
(about 86000 diamonds and filler total,
placed in uncontrolled fashion)
(about 28963 diamonds/inch?)

Benchmark Standard

Single sided, brazed, SARD™

pattern with diamond (FEPA 10

SGA-05-067 | 100/120 mesh subsieved to -155 {about 8600 diamonds total)
um ;—139 um, 4 diamonds per (about 2896 diamonds/inch?)
mim-)

SGA-05-184 | Single sided, brazed, random 77




Random 6759 6.1 41 SGA ol d SGA-05-68 Brazed 3005 151 SARDTM 7522 5.2
269 SGA new SGA- 05- 256 Brazed 17834 FEPA D76 200/ 230 nmesh subsieved

to -85 gm wo 2008/036892 PCT/US2007/079154
18-
pattern with diamond (FEPA D76 {about 66220 diamonds total)
200/230 mesh, subsieved to (about 22301 diamonds/inch?)
-85 pm +65 pum)
Single sided, brazed, SARD™ 16
! _ | pattern with diamond (FEPA : ” .
SGA-05-187 120/140 mesh subsieved to 139 (about 13760 t.ilamonds' tota;l)
(about 4634 diamonds/inch?)
um +107 pm

10

15

20

Table 1

The SARD™ dresser SGA-05-067 has an abrasive grain concentration that is about 90%
lower than the benchmark. The SARD™ dressers SGA-05-184 and 187 were designed to
determine the effect of diamond concentration on wafer defectivity, with SGA-05-184
employing diamonds of Example 1. SGA-05-184 has a concentration that is the closest to the
particle concentration of the benchmark, but without yielding the particle-touching-particle and
stacking issues of the benchmark. Other particle concentrations will be apparent in light of this
disclosure, such as dressers having four to twenty-five thousand abrasive particles per square
inch (e.g., 13000 diamonds/inch?), or higher. The test results, shown below in Table 2, indicate
that defectivity, especially for particles at 0.3 pm and above, can be significantly reduced at
higher diamond concentrations where the diamonds are selectively placed (as in 2 SARD or
hexagonal pattern, in accordance with an embodiment of the present invention). Higher diamond
concentrations can be achieved, for example, with smaller diamond sizes. Note that MRR stands
for material removal rate, and WIWNU stands for Within-Wafer-Nonuniformity, each of which

are relatively similar for the dressers tested.

Dresser Relative | Relative | Relative Particle
MRR | WIWNU | Count (@0.3pm)
Benchmarlk 1.0 1.0 1.0
SGA-05-067 1.1 1.0 1.6
SGA-05-184 1.1 0.8 0.9
SGA-05-187 1.1 1.2 0.9
Table 2 :

Based on these test results, various dressers configured in accordance with an embodiment of the
present invention were designed. In particular, and due to higher packing efficiency, a
hexagonal array (such as the one previously discussed with reference to Figure 5) produces more
cutting points per unit area compared to a SARD™ array. Thus, in order to maximize the
diamond concentration, dressers having two diamond arrangements were designed. The firstisa

true hexagonal array which yields about 47,000 cutting points using 70 um diamond (per



+65 gm Hex 7693 3.0 20 Tungsten Testing Results
Bl anket TROS (16K) Patterned wafer Conditioner
(tilinch2) WoirgesAsbdzer n

10

15

Bl anket NV (4. 5K)
| D Bond Conc.

PCT/US2007/079154

-19-

Example 1). The second is a SARD™ arrangement based on a hexagonal array with the grain

center points randomized.

Example 7
CMP conditioners for CMOS (Complementary Metal Oxide Semiconductor)

Oxide/Tungsten CMP processes were tested. The test results are shown in the Tables 3 and 4
below. The SGA-05-68 SARD™ conditioner (SGA_old), having a grain concentration of about
3005 diamonds per square inch, showed more defects even though it outperformed the
benchmark dresser (having about 28963 diamonds per square inch) with higher removal rate and
better uniformity.

As can be seen in Tables 3 and 4, Oxide and Tungsten conditioners with smaller diamond
sizes and accordingly higher diamond concentrations per square inch outperformed the
benchmark dressers with higher removal rate, better uniformity, and comparable defect. The
benchmark II dresser noted in Table 4 is a diamond CVD coated dresser having a low

concentration of about 50 micron diamonds (less than 2000 diamonds/inch2).

Oxide Testing Resulés
Blanlket TEQS (16K}
Cone. . MRR | WIWNU Particle
Dresser 0 Bond (#,imhz) Size (um) Pattern (ASmin) (%} Count
<7% {@0.3um)
<75
Benchmark Standard Ejlf;gg 28963 76 Random 6759 6.1 41
SGA_old SGA-05-68 { Brazed 3005 151 SARDIM 7522 5.2 269
FEPA D76
200/230
mesh
SGA_new 5GA-05-256 | Brazed 17834 subsieved 1o Hex 7693 3.0 20
-85 pm
+65 um
Table 3
Tungsten Testing Results
Blanket W  (Blanket TEOQS{ Patterncd
{4.5K) (16K) wafer
. . Conc. Size.. .| . . MRR | WIWNU | PC(@0.5um) | PC(@0.5um)
Conditioner| 1D Bond (#inch?) (um) Pattern (Amin) (%) <12% =125 e
Benchmark Diamond wepm
I Standard CVD coated %1 50 Random | 4200 70 60 20
FEPA D76
[200/230
SGA-05- Imesh <
SGA 265 Electroplated | 23885 subsieved to Random | 4757 2.6 69 20
85 pm
H65 um

Table 4



NSi zeVINVNI T IVIRR (A/min) (% <12% PC(@.5un) <125 PC(@. 5un) <50

Benchmark 11
-20 SGA

10

15

20

25

30

St andard D anond CVD coated 1911 "50" Random 4200 7.0 60
WO 2008/036892 PCT/US2007/079154
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Thus, and in accordance with one embodiment of the present invention, a CMP dresser
having fine abrasive particles in a relatively high concentration (e.g., greater than 4000 abrasive
particles/inch?) and with the abrasive particles having a minimum inter-particle spacing (e.g., no
abrasive particles are touching other abrasive particles), yields desirable performance in
conditioning CMP pads. In one specific case, the inter-particle spacing is such that less than 2%
by volume of the abrasive particles are touching other abrasive particles, whiie in another
specific case, less than 1% abrasive particles are touching other abrasive particles. Higher
volume percentage of touching grains (e.g., 5% to 10% by volume) may be allowed, depending
on demands of the particular application.

Exampie 8

The conditioner SG-05-265 (Part Geometry: 2”diameter x 0.150” thickness; Substrate:
430 stainless steel; diamond as described in Example 1) was manufactured according to the
following procedure:

1) Parts are sufficiently cleaned to ensure the plating surface is free of contaminants or
oxides that could inhibit good adhesion of nickel plating;

2) The parts are then selectively masked with tapes, liquid stop-offs, or non-conductive
solid barriers to obtain plating in desired areas only;

3) Proper electrical contacts are made to the conditioner;

4) Parts are submersed horizontally in the nickel plating solution, sometimes with the aid
of specially prepared baskets;

5) An abundance of diamonds are placed in direct contact with the surface to be diamond
plated (the diamonds are normally held in place by gravity);

6) Nickel metal builds up around the first layer of diamonds in contact with the surface,
lightly tacking them to the substrate;

7) Diamonds not sufficiently tacked are removed from the tool and all remaining
diamonds are removed from the plating bath; and

8) The part is placed back into the plating solution for further metal encapsulation around
the diamond. The metal bond is allowed to build up to a desired height past the equator or

midpoint of the diamond so that sufficient mechanical locking of the diamond is achieved on the

steel body.
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The conditioner SG 05-265 (Part Geonetry: 2"dianmeter x 0.150"

t hi ckness; Substrate: 430 stainless steel; dianond as described in
Exanpl e 1) was nmanufactured according to the foll ow ng procedure:

1) Parts are sufficiently cleaned to ensure the plating surface is
free of contam nants or 15oxides that ,gould inhibit good adhesi on of
ni ckel plating; 2) The parts are then selectively masked with
tapes, liquid stop-offs, or non-conductive solid barriers to obtain
plating in desired areas only; 3) Proper electrical
contacts are nade to the conditi one€LAIMS 4) Parts are
subnersed hori zppt, . i p.the nickel plating solution, sonetinmes with
the aid 20of speC|%%#§H%€ébared baskets; 5) An abundance of
di anonds are placed in direct contact with the surface to be di anond
pl ated (the di drond#® twekliongendifidmnghe tibmical plealaidal plgnazization) (CMP) pad

6) Ni ckel ?ihinQ'Ui | ds up around the first |ayer of dianonds in

contact with'the“surface, lightly tacking themto the substrate; 257)
Di anonds not s fshpgeiranéhber b 18f Sdef B0 ¥6MSnd Ei@Tahdre tool and all
remai ni ng di anonds are renoved fromthe plating bath; and 8)

The part is pl agderaliick abrsive phwicles, atoupigd sobhtuleasooné of the Wirkthad se@hal

i to a destred hot Jhr SusAPRR nortdh? bR pbtel B mder Bt HE ol BB oo
that sufficient nechiiheabtasivepliticlgs bivel mdepthdaiminda patice bizevetksOthah he
30st eel body. WO 2008 6892PCT/ US2Q07/ 079154, - 21 - The .
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presented for the pparpideeshaof, indepaidemlyl on paacidesies | RiW@A. abduti $5n0t
i ntended to be exhaustive or%{%li it.the invention to the precise
form di scl osed. ManyHEBTFF 8%t IO VIRGrOmetTSat i ons are possible in

ight of this QihgelRLIdeI hdslanlarabidd SAAAH Il B

invention be Iimted not b; Fﬁlﬁrs 1de %ﬁf]ea gﬁesaclpll?gférgag%t%%lta%?‘gﬁ?g? by

t he cl ai ns appendedatuzsivet particld?inZA(NS abrasive particles/centimeter?), an inter-
particle spacing so that substantially no abrasive particles are touching
other abrasive particles, and a plurality of narrow slots extending along the

surface of at least one of the first and second sides.

2. The tool of claim 1 wherein the plurality of narrow slots extend along the

entirety of the surface.

3. The tool of claim 1 wherein the abrasive particles are brazed to the support
member with a brazing alloy, and between about 1% and about 60% of the surface of any
one of the abrasive particles is exposed and substantially all of the surface that is not so

exposed is in contact with the brazing alloy.

4. The tool of claim 1 wherein substantially all the abrasive particles have,

independently, an inter-particle spacing between about 10 and about 480 micrometers.

5. The tool of claim 1 wherein the abrasive particles include at least one

member selected from the group consisting of diamond, cubic boron nitride, seeded gel



What is clained is: 1. Atool for conditioning a chem ca
mechani cal planarization (CVP) pad conprising: a support menber
having a first side and a second side; and a plurality of abrasive
particles, coupled to at |east one of the first and second si des of
t he support nmenmber by a netal bond, ang at |east 95% (by wei ght) of
the abrasive particles have, independéntly, a particle size of |ess
t han about 85 m croneters, and at |east 50% (by weight) of the

abr asi ve pandt alohimsmhaexids, andda@eﬁpj:eﬁtlhunbea Haalfat dhepee st RGHWRE raafout
15 m croneter.s. an ers; wherein the tool has an

cro

abrasi ve paPtTEEe 8?5??2%@%5? H]’S]Fr CBge(j‘Fté’éq bern andavakgbered disb0o abr asi ve
particles/inch2 (619 abrasive particles/centinmeter2), an
interparticle $paci ife sol bmalmsu’@héraiﬂtthahﬂramﬂq)aﬁf&[e@%te\/@uﬂad td bk @Ssrar e
touching o raS|v S, a plur |ty of narrow slots
ext endi ng a Sti‘rong HeP %‘ﬂff‘% Fyii gf"”ﬁgé‘n@)f & pfeond pide ofiep sweetd
si des. member hddthe el bl ﬂcar@mnsuﬂnd/»iwsme aftibs.pl ural ity of narrow
slots extend along the entirety of the surface. 3. The tool of

R B ATy B R

t he surf ade tisfseany sidaef the sippert alerdei bieh®metai Kdngs | S exposed and
substantially all of the surface that is not so exposed is in contact
with the brazigg al t ool of claim 1l where
substantially gl I hgxcélbfroég?n\?gmmngt %eg’écahﬁ\?@mfcﬁloiﬁﬁ@ﬁ@éﬁf’I(E;Mpéﬁ?ad
mter-partopmblemwam ng between about 10 and about 480 m croneters.

5. The tool of claim 1l wherein the abrasive particles include at

| east one nenbéfne@%%P%tqhaW?ﬁ@St@ﬁealﬁﬂ z¥aeldsideng of di anond, cubic
boron nitride, glgg lgs?'and 23 and al um num oxi de, and the support
menber has a sﬁape } ¢ted fromthe group consisting of circular
shaped di sk, cubRwalftyBOHiEmoRR braBNEh AVBkt (ﬁﬁ%‘?% itk SKge anfi sepond’s d%_hF
tool of claim 1 wherein the abrasive particles are cou d 1ot

first side of the stippwtaliciubsyate tyythe brezingalidy, tdendt 9%63ytmgls)eﬁohd
art i ol es, o r R RS b R Bt K N ER b R bRl B
filler particles armicEwgiradnd ot letrt 58Bdbydveimhtlef dfe efohmvspmpolles haenber

by th tal bond Lt
rrgc haﬁi (r:n;I apl aggrl zlg??pgrﬁde%a/é)ptaﬁm c%prjgﬁ%gllq n%duwé ng?%rf“(f:tfr& a‘é‘ﬁ%&’? e

having a first si deml&mme@ISecond side; a brazing alloy; and a
plurality of d| gé zed to at least one of the first side and
second si de of "ttQP]I a&%ﬁ@%ﬁ‘@dﬁé“%“@ﬁ@“ﬂ?%?frﬂgﬂa@r thay abent 40 st

95% (by wei ght) of aﬂafh@lv@bﬁa@ﬁlééﬁn@lar(tﬁ'l@la%?asﬂ@\e/ﬁmd]ééﬁgﬁﬁ%%%g oy (by

particle size of less than about 85 m cromet
wei ght) of the abr 28ftiFle spacing &9 that lessyhan Phdepehdencd the abragaer parti¢les

size between about uo flichihg B drAR 2004, 3% T SLAIRY & Rirrow stots

extending along the surface of at least one of the first and second sides.

9. The tool of claim 8 wherein the brazing alloy has a precursor state of braze
tape or braze foil and has a pattern of openings therein, with each opening for holding a
single diamond therein, such that post-firing, the abrasive grains form a grain pattern
substantially similar to the pattern of openings, wherein the grain pattern comprises at

least one sub-pattern of the group consisting of SARD™ pattern, face centered cubic



wherein the tool has an abrasive particle concentration of greater

t han about 4000 abrasive particles/inch2 (619 abrasive
particles/centinmeter2), an interparticle spacing so that | ess than 5%
by vol une of the abrasive particles are touching other abrasive
particles, and a plurality of narrow g)ots extending along the
surface of at |east one of the first and second sides. 9. The
tool of claim8 wherein the brazing alloy has a precursor state of
braze tapepatembrelze phtterh, huxelgdnak patepn trh@nbic Qht@PesPialpatteRELRT Pinddht h
each openi nagtef or holding a single dianond therein, such that
post-firi n% The abrasive grains forma grain pattern substantially
simlar to the pattern of openings, wherein the grain pattern
conprises at | dfst Ghetmlbf plain 8rwhesdn thesupoRLReBBR Jombiifty 20feastARDTH
pattern, f ered cubi.c. 2 attern,. cubic, pattern, hexagonal
pattern, rﬁ%ﬁeﬁg?%‘gﬁﬁpﬁ ,onsé%ing ﬁflmgtéb’f’él?artf”ﬁﬁ GePRIIBRHFAL and Hiprmoplastic

10. The t oodteridl. cl ai m 8 wherein the support nenber conprises at |east
one nmenber of the group consisting of netallic naterial, ceramc
StddC gt eri A net hod for

material, and ther I l. . 1 X
manuf act uri ng a{ﬁ]t oggpfr%r Condi TTBRPHE 8 c?hé?ﬁ][cgﬁr AUHoRmE e chemical

pl anar i zathehari/Plenpietico(@dir)phd cprigiRingtiengepebf: provi di ng a support
menber having a first side and a second side; and coupling abrasive
particles to aPrqvidiaga greorbmembe havipg e fisheldsanlonrdcaiddds; of t he

support nmenber w th a,netal bond, and at |egst 95% ( wej ght) of the
abrasi ve parti S&éaglnﬁé\l?lgflv? Rﬁ‘glﬁlgﬁg’eﬁtt llg’i‘ft oge Bglﬂ:ﬁ stargfgeéoﬁ Sifiesaf thgan
about 85 nicronet er sippuhatesiber withiplnidkg boRIYRIE € Featt DSNO (b3 wedHiPSH HE

pl acement gui de that, has openi ngs w.th orrespondi ng I nt er - openi ng
spacing to the abra3 fﬁ‘ﬁé"“ﬁ’é‘&t"ﬁéﬂ%@; %F&“ﬁy’twﬂt%mﬁ l5t han akautip2d
to have an abrasi vemfedohdiers,ewhQels @Rt hpPikeshipal 1 abhaRk gﬂg@gﬁgm{looo
abrasive particles/in hé (,619 abrasive particles/centineter2), an
inter-particle spacw‘& 8" hep Qeeniigh Mith freEpIPgnding MEF-RINRE SPaving ol the
are touching ot her @hisazipugicRarticles, and a plurality of narrow

sl ots extending along the surface of at | east one of the first and
second si des. wherein thg 290l Theanefedtadd of haleainmabi-dsinetyenrtnls c@eratioig of he

abrasive particles to.at |east one of the sides of the support nenber
with a metal bond cBFi stg%“ N val n‘ﬂ:‘ﬁ)toh@t':]’ﬁ‘ﬁlr”ﬁsipe%‘"lﬁ%{l"f‘f’g2 cl é%gt goragive

| east one of the sigecl@fceithReiGUDRA ke ABFRAE sPhcidy & BLAZNRENRMINOY

t he brazi ng conpri sing: bonding a brazing filmto at |east one of the
sides of the supporlPTHEfPaTicles g tonchingrifiessbusive parpieles iand o sluslitnef

|l east a portion of AdiewhilagieRendidd MALPHE WBAR £ PRHelor BN Hrst 20
firing the green part and subsequently cooling the green part to

t her eby chenicallyfﬁﬁﬁﬁsﬁhé abrasive particles with the brazing all oy
to the support nenber; wherein the brazing filmis at |east one

menber sel ect e, f r OrRctihd@ SFURiA QN Whslein Guingth @R ad ARtk 878 1800 |
and braze foil with perforations.

braze tape V\AEE :Pgrf rations, . ) )

13. The mePHRdhoTdes ofiths spapapHasmales withapnstal pondeomsisessirazinayhe ahrasives t o
at | east pandcled td Neless 488 oPfhet s HHRROS &?'ﬁ?ﬁ{ %-mr' ne. g a
brazi ng aPI o§/ to bot?h theofi rest gnd secégﬁd Si ggpo ti@ﬁéﬂ%g@ﬂﬂe
nmenber : aHEZing comprising:

bonding a brazing film to at least one of the sides of the support member;

positioning abrasive particles on at least a portion of the brazing film to form a

green part; and



brazing the abrasive particles to only the first side of the support
menber with the brazing alloy. 14. The method of claim1l _
wherein coupling the abrasive particles to at |east one of the sides
of the support nmenber with a netal bond conprises: applying the
abrasive particles to a plurality of gpenings on at |east one of the
si des of the support nenber, wherein each opening is configured to
receive one of the abrasive particles; wherein the openings forma
desired grain ﬁh@gemn green part 14nd mﬂeamamhrmédhtaﬁﬁ1@pmmhﬂﬂemnﬂkhﬁy

tool h t-of - f S than ut
T?\g toglS g? grai m 10 mﬁ Sb fihg FRIF 8 geist‘f"glFéé é’raémﬁrar”e?ﬁg@dthf’n a

sel f- avoi di ng abrasmpaﬁgmmba-array (SARI)) pattern. 17. The
tool of claiml1, wherein the abrasive particles are arranged in a
pattern having "‘d’ieﬁflblﬂt?ni’ramgeﬁhfpa? £ &4aet emmaiempst selected fipg tHEhgmtlDol

of claim1, wherei nc&n@ﬁtnﬁbcfmz\é?aﬁe?’bgée%ﬂa%rﬁé %pgg}ﬁﬂlpggorggonts N&alokd 8t

and second sides of the support
foil with perforations.

13.  The method of claim 11 wherein coupling the abrasive particles to at least

one of the sides of the support member comprises:

applying a brazing alloy to both the first and second sides of the support member:

and

brazing the abrasive particles to only the first side of the support member with the

brazing alloy.

14.  The methed of claim 11 wherein coupling the abrasive particles to at least

one of the sides of the support member with a metal bond comprises:

applying the abrasive particles to a plurality of openings on at least one of the
sides of the support member, wherein each opening is configured to

receive one of the abrasive particles;

wherein the openings form a desired grain pattem.

15.  The tool of claim 1, wherein the tool has an out-of-flatness of less than
about 0.01 inches.

16.  The tool of claim 1, wherein the abrasive particles are arranged in a self-

avoiding abrasive grain array (SARD) pattern.

17. Thetool of claim 1, wherein the abrasive particles are arranged in a

pattern having different inter-particle spacings.

18.  Thetool of claim 1, wherein the abrasive particles are coupled to the first

and second sides of the support member.



