IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

CHIEN-MIN SUNG,
Plaintiff,
Civil Action No. 1:20-¢v-00247-RGA
V.
KINIK COMPANY, JURY TRIAL DEMANDED
Defendant.

DECLARATION OF ALEX CHAN
IN SUPPORT OF PLAINTIFEF’S ANSWERING BRIEF IN OPPOSITION TO
DEFENDANT’S MOTION TO STAY

I, Alex Chan, declare as follows:

1. I am a senior associate at the Devlin Law Firm LLC. I am currently in good
standing and licensed to practice in the State of California and Texas.

2. I am counsel of record for Plaintiff Vantage Micro LLC in this action, and make
this Declaration in support of Plaintiff’s Answering Brief In Opposition to Defendant’s Motion
to Stay (D.I. 13). The facts set forth herein are true to my personal knowledge, and if called
upon to testify thereto, I could and would competently do so under oath.

3. Attached as Exhibit 1 to this Declaration is a true and correct copy of a detailed
redline showing all new subject matter in the specification of U.S. Patent No. 9,724,802 (“’802
Patent”) that is not disclosed in the specification of U.S. Patent No. 9,138,862 (“’862 Patent”).

4. Attached as Exhibit 2 to this Declaration is a true and correct copy of a detailed
redline showing all new subject matter in Claim 1 of the *802 Patent that is not disclosed in
Claim 1 of the *862 Patent.

5. Attached as Exhibit 3 to this Declaration is a true and correct copy of a detailed

redline showing all new subject matter in the specification of the *802 Patent that is not disclosed
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in the specification of U.S. Patent No. 8,974,270 (“°270 Patent™).

6. Attached as Exhibit 4 to this Declaration is a true and correct copy of a detailed
redline showing all new subject matter in Claim 1 of the *802 Patent that is not disclosed in
Claim 1 of the ’270 Patent.

7. Attached as Exhibit 5 to this Declaration is a true and correct copy of U.S.
Application No. 13/797,704, which the United States Patent and Trademark Oftice (“USPTO”)
published as U.S. Pub. No. 2014/0120724 (the “’724 Publication”), and cited and considered by
the USPTO during the prosecution of the 802 Patent.

8. Attached as Exhibit 6 to this Declaration is a true and correct copy of a certified
English translation of Taiwan Patent No. 101112625 (“Taiwan 625 Patent”).

9. Attached as Exhibit 7 to this Declaration is a true and correct copy of a detailed
redline showing all new subject matter in the specification of the *802 Patent that is not disclosed
in the certified English translation of the specification of Taiwan ’625 Patent.

10. Attached as Exhibit § to this Declaration is a true and correct copy of a detailed
redline showing all new subject matter in the specification of the *802 Patent that is not disclosed
in the certified English translation of the specification of the *724 Publication.

11. Attached as Exhibit 9 to this Declaration is a true and correct copy of a
corporation statement of information filed by Kinik Corporation with the California Secretary of
State on November 14, 2019.

12.  Attached as Exhibit 10 to this Declaration is a true and correct copy of Kinik’s
Notice of Withdrawal of its Motion to Dismiss and Stipulation to Extend Deadline to Answer

Complaint filed by Dr. Sung, which was filed in this Court in Sung v. Kinik Co., Case 1:14-cv-
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01027-RGA (D. Del. Aug. 27, 2015). Kinik also agreed to waive service of process in this
action. (D.I. 7.)

13. I declare that all statements made herein on my own knowledge are true and that
all statements made on information and belief are believed to be true, and further, that these
statements were made with the knowledge that willful false statements and the like so made are
publishable by fine or imprisonment, or both under section 1001 or Title 18 of the United States
Code.

By: /s/ Alex Chan
Alex Chan
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Description:

BACKGROUND OF THE INVENTION

The sem conductor ndustry currenty spends n excess ofoneb on U.S. do ars each year manufacturng s con
wafers that must exh b t very fat and smooth surfaces. Known techn ques to manufacture smooth and even-surfaced
s con wafers are p ent fu. The most common of these nvo ves the process known as Chem ca Mechan ca

Po sh ng (CMP) wh ch ncudes the use of a po shng pad n comb naton w th an abras ve s urry. Of centra
mportance na CMP processes s the atta nment of h gh performance eve s n aspects such as un form ty of

po shed wafer, smoothness of the IC crcu try, remova rate for product v ty, ongev ty of consumab es for CMP
econom cs, etc.

SUMMARY OF THE INVENTION

The present d sc osure prov des effe-ertCMP pad dressers and assoc ated methods, nc ud ng w thout m tat on,
methods d rected to the manufacture and use of eendtonrnga-CMP-pad-One-such method-can—neudepressng
dressers. In one aspect, for examp e, a CMP pad dresser aga-rstcan nc ude a support substrate and a p ura ty of
superabras ve part ¢ es secured to the support substrate w th each superabras ve part ¢ e extend ng away from the
support substrate to a protrus on d stance. The p ura ty of superabras ve part c es can be pos t oned such that the

h ghest protrud ng t p of each of the p ura ty of superabras ve partc es a gn aong a des gnated prof ewthatp

var at on of from about 5 m crons to about 100 m crons. In another aspect, the h ghest protrud ng t p of each of the
p ura ty of superabras ve partc es a gn aong the des gnated prof e wth a tp var at on of from about 10 m crons to
about 50 m crons. In yet another aspect, the h ghest protrud ng t p of each of the p ura ty of superabras ve part c es
a_gn aong the des gnated prof e wth a tp var at on of from about 20 m crons to about 40 m crons. In a further
aspect, the h ghest protrud ng t p of each of the p ura ty of superabras ve part c es a _gn a ong the des gnated prof e
wth atp varaton of ess than about 20 m crons. The des gnated prof e can_nc ude any geometr ¢ conf gurat on that
can be usefu n dress ng a CMP pad, where-the-and any such conf guraton s cons dered to be w th n the present
scope. Non- mtng examp es can _nc ude a p ane, a s ope, a curved shape, a dome shape, and the ke, ncud ng
appropr ate comb nat ons thereof.

The pos t on ng of superabras ve part c es re at ve to the support substrate can a so be descr bed n terms of the
depths that the superabras ve part ¢ es cut nto a CMP pad when used to abrade the CMP pad. In one aspect, for
examp e, the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths of ess than about 20

m crons when used to abrade a CMP pad. In another aspect, the protrus ons of the p ura ty of superabras ve

part c es produce cutt ng depths of from about 1 m cron to about 20 m crons when used to abrade a CMP pad. In yet
another aspect, the protrus ons of the p ura ty of superabras ve part c es produce cutt ng depths of from about 10

m crons to about 20 m crons when used to abrade a CMP pad.

As another exemp ary aspect of the present d sc osure, a CMP _pad dresser -re-udes-a-can _nc ude a r g d support
substrate and a mono ayer of a p ura ty of superabras ve part ¢ es protrud-rg-from-a-matrx—ayer—Fhe-coup ed to the
support substrate, where each superabras ve part c e n the mono ayer extends from the support substrate to a
protfrus on d stance. In one aspect, the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrud ng t p of the mono ayer of superabras ve partces s ess than or equa to about 4850 m crons,
and the d fference n protrus on d stance between the h ghest 481% of the protrud ng t ps of the mono ayer of
superabras ve part ¢ es are-w-th-n-about 20-m-crons-or—ess—The-method-can-furthernecude-s w th n about 80

m crons or_ess. In another aspect, the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrudng tp s ess than or equa to about 10 m crons. In yet another aspect, the d fference n
protrus on d stance between the h ghest protrud ng t p and the second h ghest protrud ng tp s ess than or equa to
about 10 m crons. In a further aspect, the d fference n protrus on d stance between the h ghest protrud ng t p and the
10nh ghest protrud ngtp s ess than or equa to about 20 m crons. In yet another aspect, the d fference n protrus on
d stance between the h ghest protrud ng t p and the 100 h ghest protrud ng tp s ess than or equa to about 40

m crons.

As yet another exemp ary aspect of the present d sc osure, a CMP pad dresser can nc ude a r g d support substrate
and a mono ayer of a p ura ty of superabras ve part c es coup ed to the support substrate, where the p ura ty of
superabras ve partces ncudes a p ura ty of work ng superabras ve part c es, such that rotat ng the dresser aga nst
thea CMP pad such-thatcuts asper t es are-eut- nto the CMP pad hav ng a max-mum-cutt ng depth of ess than or
equa_to about 60650 m crons. In another aspect, the cutt ng depth s from about 10 m crons to about 50 m crons. In
yet another aspect, the p ura ty of work ng superabras ve partces nc udes at east 100 tps-ofthep-ura—ty-ofwork ng
superabras ve part ¢ es-cut-aspertes—nto-the- CMP-pad-as-the-dresser—s-rotated.. In anethera further aspect, the

p ura ty of work ng superabras ve part ces nc udes at east 50-tps-of the-p-ura—ty-of superabras-ve-partc-es-1000

work ng superabras ve part c es. In yet another aspect, the p ura ty of work ng superabras ve part c es nc udes from
about 1000 to about 6000 work ng superabras ve part c es. In another aspect, the p ura ty of work ng superabras ve
part c es _nc udes from about 2000 to about 5000 work ng superabras ve part c es. In a further aspect, the p ura ty of
work ng superabras ve part c es nc ude at east about 1000 work ng superabras ve part c es that protrude from the

r g d support substrate to d stances w th n about 30 m crons of one another.
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As another exemp ary aspect of the present d sc osure, a method of dress ng a CMP pad can _nc ude app y ng a CMP
pad dresser to a CMP pad, and mov ng at_east one of the CMP pad or the CMP pad dresser w th respect to one

another to cut aspertes nto the CMP pad as%ed%sse#&r&ated—mmhe&aspeepakeae%w%mwa—ty

edhav ng a cutt ng depth of from

As a further exemp ary aspect of the present d sc osure, a CMP pad dresser s prov ded nc ud ng a support substrate
and a p ura ty of superabras ve part c es secured to the support substrate and pos t oned to engage and dress a
CMP pad, where the p ura ty of superabras ve part c es cut to depths of ess than 50 m crons nto a CMP pad dur ng
a dress ng procedure.

There has thus been out ned, rather broad y, var ous features of the nventon so that the deta ed descr pt on thereof
that fo ows may be better understood, and so that the present contr but on to the art may be better apprec ated.
Other features of the present nventon w become c earer from the fo ow ng deta ed descr pt on of the nventon,
taken w th the accompany ng ¢ a ms, or may be earned by the pract ce of the nventon.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 s aschematc s de vew of a CMP pad dresser n accordance w th an embod ment of the present
-Aventond sc osure;

FIG. 2 s a fow-chart-d-agram-showng-stepsschemat c s de v ew of a method-of-dressng-a-CMP pad dresser n

accordance w th an embod ment of the present -rvent-end sc osure;

m g workp-eceschemat c s de v ew of a CMP pad
dresser n accordance wth an embod ment of the present ﬂven%erkd sc osure; and

FIG. 4 s a schematc s de vew of a CMP pad dresser n accordance w th an embod ment of the present
-Aventon:d sc osure.

Itw be understood that the above f gures are mere y for ustrat ve purposes n further ng an understand ng of the
nvent on. Further, the f gures are not drawn to sca e, thus d mens ons, part c e s zes, and other aspects may, and
genera y are, exaggerated to make ustrat ons thereof c earer. Therefore, departure can be made from the specfc
d mens ons and aspects shown n the fgures n order to produce the heat spreaders of the present nventon.

DETAILED DESCRIPTION
Before the present nventon s d sc osed and descr bed, t s to be understood that ths nventon s not mted to the
part cu ar structures, method steps, or mater a s d sc osed here n, but s extended to equ va ents thereof as wou d be
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recogn zed by those ord nar y sk ed n the re evant arts. It shou d a so be understood that term no ogy emp oyed
here n s used for the purpose of descr b ng part cu ar embod ments ony and s not ntended to be mtng.

U Mok

It must be noted that, as used n th s spec f cat on and the appended c a ms, the s ngu ar forms “a,” “an” and, “the”

nc ude p ura referents un ess the context c eary d ctates otherw se. Thus, for examp e, reference to “a d amond
partce” ncudes one or more of such part ¢ es and reference to “the ayer” nc udes reference to one or more of such
ayers.

DEFINITIONS
In descr b ng and c am ng the present nventon, the fo ow ng termnoogy w be used n accordance w th the
def n tons set forth be ow.

As used here n, the terms “cond t oner” and “dresser” can be used nterchangeab y, and refer to a too used to
cond ton or dress a pad, such as a CMP pad.

As used here n, “superabras ve” may be used to refer to any crysta ne, or po ycrysta ne mater a, or m xture of such
mater a s wh-ehthat has a Mohr's hardness of about 8 or greater. In some aspects, the Mohr's hardness may be
about 9.5 or greater. Such-matera-s—necude-but-are-nret—mted-toln other aspects, superabras ve mater a s can be
mater a s hav ng a V cker's hardness of about 4000 Kg/mm?or greater. Su tab e superabras ve mater a examp es can
nc ude, w thout m tat on, d amond, po ycrysta ne d amond (PCD), cub c boron n tr de (cBN), po ycrysta ne cubc
boron n tr de (PcBN), corundum and sapph re, as we as other superabras ve mater a s known to those sk ed n the
art. Superabras ve mater a s may be ncorporated nto thepresentnventenvar ous toos n a var ety of forms

ncud ng partces, grts, f ms, ayers, p eces, segments, etc. ir-seme-cases;-the\Wh e superabras ve mater a s ef-the
present-nventon-are -a-thevery nert and thus d ff cu t to form efpe-yerysta—nechem ca bonds w th, t s known that
certa n react ve e ements, such as chrom um and t tan um are capab e of chem ca y react ng w th superabras ve
mater a s;-such-as PCB-and-PeBN-matera-s at certa n temperatures.

As used here n, “part c e” -s-asrefers, when used here-n-n connect on w th d-amendsuperabras ve part c es,-and
refers to a part cu ate form of d-amendsuperabras ve part c e. Such part c es may take a var ety of shapes, ncud ng
round, ob ong, square, euhedra, etc., can be e ther s ng e crysta or po ycrysta ne, and can have a number of mesh
s zes. As s known n the art, “mesh” refers to the number of ho es per unt area, as n the case of U.S. meshes. A
mesh s zes referred to here n are U.S. mesh un ess otherw se nd cated. Further, mesh s zes are genera y
understood to nd cate an average mesh s ze of a g ven co ect on of part c es s nce each partce wthn a partcu ar
“mesh s ze” may actua y vary over a sma d strbuton of s zes, un ess noted otherw se.
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As used here n, “work ng superabras ve part c es” are superabras ve part ¢ es that teuehcut or otherw se deform a
CMP pad dur ng a dress ng or cond t on ng procedure. Th s texeh-rgact on can remove debr s from the surface, t can
deform the surface e ther e astca y or p astca vy, or t can eut-the-surface-te-create a groove_ or asperty n the
surface of the CMP pad. In one spec f ¢ aspect, a work ng superabras ve part c e can cut deeper than about 10

m crons nto a CMP pad dur ng a dress ng procedure.

As used here n, “non-work ng superabras ve part ¢ es” are superabras ve part ces n a CMP pad dresser that do not
s gn f canty tedehcut or deform the pad suff c ent to remove debr s from the surface, deform the surface, eut-or create

grooves n the surface-to-create-a-groove.

As used here n, “over y-aggress ve superabras ve part c es” are superabras ve partces n a CMP pad dresser that
aggress ve y dress or cond ton a CMP pad. In one aspect, aggress ve superabras ve part c es are superabras ve
part c es that cut deeper than about 50 m crons nto a CMP pad dur ng a dress ng procedure. In another aspect,
aggress ve superabras ve part ¢ es are superabras ve part ¢ es that remove at east % of the matera from the CMP
pad. In yet another aspect, aggress ve superabras ve part ¢ es are superabras ve part c es that remove at east %z of
the matera from the CMP pad.

As used here n, “work ng end” refers to an end of a part c e wh-ehthat s or ented towards the CMP pad and that
dur ng a dress ng operat on makes contact w th the pad. Mest-eftenln many cases the work ng end of a partce w
be d sta from a substrate to wh ch the partce s attached.
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As used here n, cutt ng “t p” refers to a port on of a cutt ng e ement or part c e that protrudes the greatest d stance
from the support substrate, e.qg., that s the frst port on of the cutt ng e ement that contacts a CMP pad when n use. It
s to be understood that a cutt ng “t p” can _nc ude a p anar surface, a po nted surface, or an edge; so _ong as the

p anar surface, po nted surface or edge of the cutt ng e ement s the frst port on of the cutt ng e ement that contacts a
CMP pad from wh ch matera s to be removed.

As used here n, “sharp port on” refers to any narrow port on to wh ch a crysta or part c e may converge, nc ud ng but

not m ted to corners, agexes r dges, edges, obe sks, and other Qrotrus ons. In some cases corners and/or apexes

As used here n, cutt ng “edge” refers to a port on of a cutt ng e ement or part ¢ e that nc udes some measurab e w dth
across a port on that contacts and removes mater a from a workp ece. As an exemp ary _ustrat on, a typ ca kn fe

b ade has a cutt ng edge that extends ong tud na y a ong the kn fe b ade, and the kn fe b ade wou d have to be

or ented transverse y to a workp ece to scrape or p ane mater a_from the workp ece n order for the cutt ng “edge” of
the kn fe b ade to remove mater a from the workp ece.

As used here n, “per phera y ocated " “per phera _ocaton,” and the ke, refer to any part c e or other cutt ng e ement

As used here n, “centra y ocated partce,” “partce n acentra ocaton,” and the ke refer to any part c e or other

cutt ng e ement of a too that s ocated n an area of the too that or g nates at a center po nt of the too_and extends
outward y towards the too's edge for up to about 90% of the rad us of the too . In some aspects, the area may extend
outward y from about 20% to about 90% of the rad us. In other aspects, the area may extend out to about 50% of the
rad us. In yet another aspect, the area may extend out to about 33% of the rad us of a too .

As used here n, “att tude” meansrefers to the pos t on or arrangement of a superabras ve partce nreatontoa

def ned surface, such as a substrate to wh ch t s attached, or a CMP pad to wh ch t s to be app ed dur ng a work
operat on. For examp e, a superabras ve part ¢ e can have an att tude that prov des a spec f ¢ port on of the partce n
or entat on toward a CMP pad.

As used here n, “ ead ng edge” refers to the edge of a CMP pad dresser that s a fronta_edge based on the d rect on
that the CMP pad s mov ng, or the d rect on that the pad s mov ng, or both. Notab y, n some aspects, the ead ng
edge may be cons dered to encompass not on y the area specfca y at the edge of a dresser, but may a so_nc ude
port ons of the dresser wh ch extend s ghty nward from the actua edge. In one aspect, the ead ng edge may be
ocated a ong an outer edge of the CMP pad dresser. In another aspect, the CMP pad dresser may be conf gured

w th a pattern of abras ve part c es that prov des at east one effect ve_ead ng edge on a centra_or_nner port on of the
CMP pad dresser work ng surface. In other words, a centra_or _nner port on of the dresser may be conf gured to

prov de a funct ona_effect s m ar to that of a_ead ng edge on the outer edge of the dresser.

As used here n, the term “prof e” and “geometr ¢ prof €” can be used nterchangeab y, and refer to a predeterm ned
contour above a support substrate to wh ch a p ura ty of superabras ve part c es or other cutt ng e ements are
ntended to a gn. Examp es of such prof es may nc ude, w thout m tat on, fat or p anar prof es, curved prof es,
wavy prof es, convex prof es, concave prof es, mut-t ered prof es, and the ke, nc ud ng comb nat ons thereof.

As used here n, “geometr ¢ conf gurat on” refers to a shape that s capab e of be ng descr bed n read y understood
and recogn zed mathemat ca terms. Examp es of shapes qua fy ng as “geometr ¢ conf gurat ons” nc ude, w thout

m tat on, cub ¢ shapes, po yhedra (ncud ng regu ar po yhedra ) shapes, tr angu ar shapes (nc ud ng equ_atera
trang es, sosce es tr ang es and three-d mens ona_tr angu ar shapes), pyram da_shapes, spheres, rectang es, “p e”
shapes, wedge shapes, octagona shapes, crc es, etc.

aspect dress ng seqments are ut _zed to carrv superabras ve part c es hav ng eve ed tps. Thus n some cases
superabras ve part c es can be ntroduced nto a CMP pad dresser by the ncorporat on of mutp e dress ng
segments. It shou d be noted that a var ety of techn ques of attach ng the dress ng segments to the substrates, and a
var ety of techn ques of attach ng the superabras ve part c es to the dress ng segments, are possb e, a_of wh ch are
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cons dered to be w th n the present scope. It s to be understood that a of these var ous attachment mechan sms can
be used nterchangeaby here n: that s, f a method of attach ng a dress ng segment to a substrate s d scussed

here n, the method of attachment d scussed can a so be used to attach superabras ve partces to a dress ng

As used here n, “cutt ng e ement” descr bes a var ety of structures capab e of remov ng (e.g., cutt ng) matera from a

CMP pad. A cutt ng e ement can be a mass hav ng severa cutt ng po nts, r dges or mesas formed thereon or there n.
It s notab e that such cutt ng po nts, r dges or mesas may be from a mutp cty of protrus ons or aspertes ncuded n
the mass. Furthermore, a cutt ng e ement can a so refer an _nd v dua part c e that may have on y one cutt ng po nt,

r dge or mesa formed thereon or there n.

As used here n, “mechan ca bond” and “mechan ca bond ng” may be used nterchangeab y, and refer to a bond

nterface between two ob ects or _ayers formed prmar _y by fr ct ona_forces. In some cases the fr ct ona forces
between the bonded ob ects may be ncreased by expand ng the contact ng surface areas between the ob ects, and
by mpos ng other spec f c geometr ca_and phys ca conf gurat ons, such as substant a y surround ng one ob ect w th
another.

As used here n, “s nter ng” refers to the jo n ng of two or more nd v dua partc es to form a cont nuous so d mass.
The process of s nter ng nvo ves the conso dat on of partc es to at east parta y e m nate vo ds between part c es.

S nter ng may occur_n e ther meta or carbonaceous part c es, such as d amond. S nter ng of meta part c es occurs at
var ous temperatures depend ng on the compos t on of the mater a. S nter ng of d amond part c es genera y requ res
u trah gh pressures and the presence of a carbon so vent as a d amond s nter ng a d. S nter ng a ds are often present
to ad nthe s nter ng process and a port on of such may reman _n the fna product.

The term “meta c” refers to both meta s and meta o ds. Meta s nc ude those compounds typ ca y cons dered meta s
found wth n the transton meta s, aka and aka earth metas. Examp es of meta s are Ag, Au, Cu, A, and Fe.

Meta ods ncude specfca y S, B, Ge, Sb, As, and Te. Meta c materas aso ncude a oys or m xtures that nc ude
meta ¢ materas. Such a oys or m xtures may further nc ude add tona add tves. In the present nvent on, carb de
formers and carbon wett ng agents may be nc uded as a oys or m xtures, but are not ant ¢ pated to be the ony

meta ¢ component. Examp es of such carb de formers are Sc, Y, T, Zr, Hf, V, Nb, Cr, Mo, Mn, Ta, W, and Tc.
Examp es of carbon wett ng agents are Co, N, Mn, and Cr.

As used here n, “ nf trat ng” refers to a s tuat on where a matera s heated to ts me t ng po nt and then fows as a
qu d through the nterstta vo ds between part c es.

As used here n, the terms “substrate” and “support substrate” can be used nterchangeab y, and refer a port on of a
pad cond t oner that supports superabras ve mater a s, and to wh ch abras ve mater a s and/or superabras ve
segments that carry abras ve mater a s may be aff xed. Substrates can have a var ety of shapes, th cknesses, and/or

mater a s that are capab e of support ng abras ve matera S n a manner that s suffcent to prov de a CMP pad
dresser usefu for ts ntended purpose.

As used here n, the term “substant a y” refers to the comp ete or near y comp ete extent or degree of an act on,
character st ¢, property, state, structure, tem, or resu t. For examp e, an object that s “substanta y” enc osed wou d
mean that the object s e ther comp ete y enc osed or neary comp ete y enc osed. The exact a owab e degree of
dev at on from abso ute comp eteness may n some cases depend on the spec f ¢ context. However, genera y
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speak ng the nearness of comp eton w be so as to have the same overa resutas fabso ute and tota comp eton
were obta ned.

The use of “substanta y” s equa y app cab e when used n a negat ve connotat on to refer to the comp ete or near
comp ete ack of an act on, character st ¢, property, state, structure, tem, or resut. For examp e, a compos ton that s
“substant a y free of” part c es wou d e ther comp ete y ack part c es, or so neary comp etey ack part c es that the
effect wou d be the same as f t comp etey acked part c es. In other words, a compos ton that s “substanta y free
of” an ngred ent or e ement may st actua y contan such tem as ong as there s no measurab e effect thereof.

As used here n, the term “about” s used to provde fexb ty to a numer ca range endpo nt by prov d ng that a g ven
vaue may be “a tte above” or “a tte be ow” the endpo nt. However, t s to be understood that even when the term
“about” s used n the present spec fcaton n connecton w th a spec fc numer ca va ue, that support for the exact
numer ca va ue rec ted apart from the “about” term no ogy s a so prov ded.

In th's d sc osure, “compr ses,” “compr s ng,” “conta n ng” and “hav ng” and the ke can have the mean ng ascr bed to
them n U.S. Patent aw and can mean “nc udes,” “nc ud ng,” and the ke, and are genera y nterpreted to be open
ended terms. The terms “cons st ng of” or “cons sts of” are ¢ osed terms, and nc ude on y the components,
structures, steps, or the ke specfca y sted n conuncton wth such terms, as we as that wh ch s n accordance
w th U.S. Patent aw. “Cons st ng essent a y of” or “cons sts essent a y of” have the mean ng genera y ascr bed to
them by U.S. Patent aw. In part cu ar, such terms are genera y c osed terms, w th the except on of a ow ng nc us on
of add tona tems, mater a s, components, steps, or e ements, that do not mater a vy affect the bas ¢ and nove
character st cs or funct on of the tem(s) used n connect on therew th. For examp e, trace e ements present n a
compos t on, but not affect ng the compos t ons nature or character st cs wou d be perm ss b e f present under the
“cons st ng essent a y of” anguage, even though not express y rected n a st of tems fo ow ng such term no ogy.
When us ng an open ended term, ke “comprs ng” or “ncud ng,” t s understood that d rect support shou d be
afforded a so to “cons st ng essenta y of” anguage as we _as “cons st ng of” anguage as f stated exp cty and v ce
versa.

As used here n, a p ura ty of tems, structura e ements, compos tona e ements, and/or mater a s may be presented
n a common st for conven ence. However, these sts shou d be construed as though each member of the st s
ndvdua y dentfed as a separate and un que member. Thus, no nd vdua member of such st shoud be construed
as a de facto equ va ent of any other member of the same st so e y based on the r presentat on n a common group
w thout nd cat ons to the contrary.

Concentrat ons, amounts, and other numer ca data may be expressed or presented here n n a range format. It s to
be understood that such a range format s used mere y for conven ence and brev ty and thus shou d be nterpreted
fexbyto ncude not ony the numerca vaues exp ctyrected as the mts of the range, but aso to ncude a the
nd vdua numer ca va ues or sub-ranges encompassed w th n that range as f each numer ca va ue and sub-range
sexp ctyrected. As an ustraton, a numer ca range of “about 1 to about 5” shou d be nterpreted to nc ude not
ony the exp cty rected va ues of about 1 to about 5, but aso ncude ndvdua vaues and sub-ranges w th n the

nd cated range. Thus, ncuded nth s numerca range are ndvdua vaues such as 2, 3, and 4 and sub-ranges such
as from 1-3, from 2-4, and from 3-5, etc., aswe as 1,2, 3,4,and 5, ndvdua y. Ths same prncpe app es to
ranges rec t ng on'y one numer ca va ue as a mn mum or a max mum. Furthermore, such an nterpretat on shou d
app y regard ess of the breadth of the range or the character st cs be ng descr bed.

The Inventon

The present d sc osure genera y prov des CMP pad dressers, methods assoc ated w th pad cond ton ng (e.g.,
smooth ng, po sh ng, dress ng), and the CMP po sh ng of a work p ece. Pad cond t oners accord ng to aspects of the
present -rvent-ond sc osure can be advantageous y ut zed, for examp e, n dress ng CMP pads that are used n
po shng, fnsh ng or otherw se affect ng sem conductor mater as. Specfca y,_n some aspects the present

d sc osure concerns CMP pad dressers hav ng superabras ve part c es w th substanta y eve ed t ps. In other
aspects, the present CMP pad dressers can have superabras ve part ¢ es that are a gned across a des gnated
prof e, and as such, are “ eve ed” w th respect to that prof e. Trad tona CMP pad dresser manufactur ng methods,
even many of those descr b ng techn ques for eve ng superabras ve part c e t ps pror to fxat on, genera y contan
sgnfcant varaton ntp he ght across the surface of the dresser- that s not accounted for by an ntended tp
a_gnment prof e. Often, the superabras ve part c es are aff xed to the CMP pad dresser support n a manner that

d srupts any eve ng that has occurred. For examp e, f xat on techn ques that ut ze h gh heat and/or pressure can
cause warp ng of the dresser support as the dresser coo s. Thus, un ess steps are taken to avo d such warpage,
superabras ve part c es are not ma ntaned n ther eve ed state fo ow ng coo ng of the dresser. Th s can be

part cu ary prob emat ¢ w th braz ng techn ques.

A CMP pad dresser can be used to dress or cond t on a CMP pad by remov ng d rt and debr s ( .e. deg az ng the
pad), as we as open ng up aspertes n the pad surface to capture and hod chem ca s urry durng a po shng
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procedure. As has been descr bed, due to d ff cu t es assoc ated w th superabras ve partce eve ng n many

trad t ona manufactur ng processes, ony a sma percentage of superabras ve partces n atypca CMP pad dresser
are pos t oned so as to penetrate or cut nto a CMP pad. As ths sma percentage of superabras ve part c es become
worn, p ast ¢ deformat on of the CMP pad becomes arge re at ve to the amount of CMP of pad that s cut.
Consequent y, the pad becomes h gh y deformed and accumu ated w th d rt. As a resu t the po sh ng rate of the CMP
pad dec nes, and the scratch rate of the wafer or work p ece ncreases.

CMP pads are typ ca y made of a re at ve y soft po ymer, such as, for examp e, po yurethane. As the CMP pad s
engaged by the CMP pad dresser, the po ymer matera s deformed frst by e ast ¢ stran and then by p astc stran.
Eventua vy, the stra n energy n the deformed mater a exceeds the bond energy dens ty ( .e. the hardness of the pad)
and the po ymer mater a ruptures. Thus, the funct on of superabras ve partc es n the CMP pad dresser s to dress
the CMP pad mater a by break ng po ymer c bonds through th s deformat on process. It shou d be noted that sharp
superabras ve part c e t ps can penetrate the CMP pad mater a w thout caus ng excess ve deformat on. As such, the
sharpness of a superabras ve part c e can be def ned as be ng nverse to the deformed vo ume pr or to rupture. In
other words, the sma er the vo ume of deformat on pr or to cutt ng, the sharper the cutt ng t p. Th s deformat on
nformat on can be used to determ ne the sharpness of superabras ve part c es nthe CMP pad dresser.

Add tona y, a superabras ve partce havng a tp wth sma er tp rad us, such as wou d be the case w th a broken
corner, can cut more c ean y through the CMP pad w th ess deformat on as compared to a superabras ve partce
hav ng a arger t p rad us. Consequenty, an rregu ar y shaped superabras ve part c e t p can be sharper than a
euhedra superabras ve corner hav ng an obtuse ang e re at ve to the CMP pad. Th s a so app es to the d fference
between a superabras ve part c e corner as compared w th a superabras ve part c e face.

It s thus noted that sharp superabras ve part c e t ps can cut CMP pad mater as w th ess deformat on and mater a
stran. Conversey, adu superabras ve part c e may deform but not cut the CMP pad mater a because the stran
energy does not exceed the bond energy dens ty of the po ymer ¢ mater a . As the t ps of such part c es are worn, the
contact area between the po ymer ¢ matera and the part ces ncrease. Th's ncrease n contact area resuts n an
ncrease n the deformat on vo ume of the pad. Due to the ncreased stra n energy requ red for the po ymer ¢ mater a
to rupture w th such an ncreased deformat on vo ume, the number of superabras ve part c es cutt ng the po ymerc
matera w decrease n re aton to the degree of du ng dur ng a CMP process.

CMP pad dress ng can a so be affected by the proport on of superabras ve part ces n the CMP pad dresser that are
work ng and the proport on that are over y-aggress ve y cutt ng. As an examp e, a typca CMP pad dresser can have
greater than 10,000 superabras ve part c es. Of these 10,000 part c es, n some cases there may ony be a few

work ng superabras ve part c es that are actua y ab e to cut the CMP pad. Add t ona vy, out of these few work ng
superabras ve part c es, there may be a sma er proport on of over y-aggress ve superabras ve part ¢ es that cut over
50% of the ent re pad that s consumed dur ng cond ton ng, and n some cases can remove more that 25% of the
tota pad matera. Th s uneven work oad d str but on can cause errat c CMP performance, and can resut n over
consumpt on of the CMP pad, ch pp ng of the over y-aggress ve superabras ve part c es that can scratch the wafer,
unpred ctab e wafer remova rates, uneven wafer surface p anar zat on, shortened CMP pad dresser fe, compact on
of the CMP pad w th debr s, and the ke. Such effects can greaty ower the y e d of wafers or work p eces processed
under these cond t ons. A more effect ve norma zat on of work oad d str but on across the surface of the CMP pad
dresser can ead to a more un form y deg azed pad and more un form pad asper tes.

pad dressers nc ude a ayer of superabras ve part c es hav ng substant a y eveedtps across the work ng surface of
the f n shed CMP pad dresser. A var ety of techn ques can be ut zed to mantantp eve ng, and any such techn que
s cons dered to be w th n the present scope. A few non- m t ng examp es of such techn ques are descr bed be ow. It
s ntended that the term “eve ng” w th respect to superabras ve part c es can refer to superabras ve part c es that are
eve ed w th respect to a p anar prof e, as we as to superabras ve part c es that are a_gned a ong a des gnated

prof e that s non-p anar. In the atter case, “eve ng” wou d thus descr be the a gnment of the superabras ve

part c es a ong the des gnated prof e. So n the case of a prof e hav ng a dome-shape, eve ed superabras ve

part c es wou d be part c es that were n a gnment w th the prof e.

thematmeayemodrFurthermore superabras ve t pa qnment can addtona y be descrbed n terms of he qht

d str but on, or n some cases protrus on d stance from the support substrate that s represented by a he ght

d str but on across the p ura ty of superabras ve part c es. An even he ght d str but on of superabras ve part c es may
funct on to more effect ve y preserve the ntegr ty of the CMP pad dresser as compared to CMP pad dressers _ack ng
such an even he ght d strbuton. S m ary, a p ura ty of superabras ve part c es can be descr bed as extend ng away
from a support substrate to a predeterm ned he ght, represented by a protrus on d stance from the substrate, where

the predeterm ned he ghts of the part c es a gn a ong a des gnated prof e. Thus, the actua d str but on of protrus on
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d stances across the p ura ty of superabras ve partc es n a fn shed dresser can be compared aga nst the
des gnated prof e to determ ne the var ance, or degree of “ eve ng” ach eved.

In one aspect, for examp e, a CMP pad dresser s prov ded nc ud ng a support substrate and a p ura ty of
superabras ve part ¢ es secured to the support substrate, w th each superabras ve part ¢ e extend ng away from the
support substrate to a protrus on d stance, where the h ghest protrud ng t p of each of the p ura ty of superabras ve
partces a gn aong a des gnated prof e. Wh e t s ntended that the t ps of the superabras ve partces a gn aong
the des gnated prof e, some eve of dev at on may occur. These dev at ons may be a resu t of the des gn or
manufactur ng process of the too . G ven the w de var ety of s zes of superabras ve part c es that may potenta y be
ut zed nagventoo, such dev atons may be h ghy dependent on a part cu ar app _cat on. A so, when referr ng to
the des gnated prof e, t shou d be noted that the term “t p” s ntended to _nc ude the h ghest protrud ng po nt of a
superabras ve part ¢ e, whether that po nt be an apex, an edge, or a face.

As such, n one aspect the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the

des gnated prof e by from about 1 m cron to about 150 m crons. In another aspect, the p ura ty of superabras ve
part c es are arranged such that the r t ps vary from the des gnated prof e by from about 5 m crons to about 100

m crons. In yet another aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the
des gnated prof e by from about 10 m crons to about 75 m crons. In a further aspect, the p ura ty of superabras ve
part c es are arranged such that the r t ps vary from the des gnated prof e by from about 10 m crons to about 50

m crons. In another aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the

des gnated prof e by from about 50 m crons to about 150 m crons. In yet another aspect, the p ura ty of

superabras ve part ¢ es are arranged such that the r t ps vary from the des gnated prof e by from about 20 m crons to
about 100 m crons. In a further aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary
from the des gnated prof e by from about 20 m crons to about 50 m crons. In another aspect, the p ura ty of
superabras ve part ¢ es are arranged such that the r t ps vary from the des gnated prof e by from about 20 m crons to
about 40 m crons. Add tona y, n one aspect, the p ura ty of superabras ve part ¢ es are arranged such that the r t ps
vary from the des gnated prof e by ess than about 20 m crons. In another aspect the p ura ty of superabras ve

part c es are arranged such that the r t ps vary from the des gnated prof e by ess than about 10 m crons. In yet
another aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the des gnated
prof e by ess than about 5 m crons. In yet another aspect, the p ura ty of superabras ve part c es are arranged such
that the r t ps vary from the des gnated prof e by ess than about 1 m cron. In a further aspect, a ma or ty of the

p ura ty of superabras ve part c es are arranges such that the r t ps vary from the des gnated prof e to _ess than about
10% of the average s ze of the superabras ve part c es.

In another aspect, each of the p ura ty of superabras ve part c es can be def ned by a protrus on d stance from an
exposed surface of a b nd ng mater a_from wh ch they protrude to a predeterm ned he ght. Though the predeterm ned
he ght may vary between too _app cat ons, n one aspect the predeterm ned he ght may be greater than about 20

m crons. In another aspect the var at on from the predeterm ned he ght may be from about 1 m cron to about 20

m crons. In yet another aspect the var at on from the predeterm ned he ght may be from about 5 m crons to about 20
m crons. In a further aspect the var at on from the predeterm ned he ght may be from about 10 m crons to about 20

m crons. Superabras ve part c es may a so be arranged w th respect to arrangement or d str but on, att tude, s ze, etc.
Furthermore, the d str but on of protrus on of the p ura ty of superabras ve partc es s ref ected n the depth that the
part c es cut nto a CMP pad.

As such, n one spec f ¢ aspect the predeterm ned he ght or protrus on d stance may produce a cutt ng depth of ess
than about 20 m crons when used to dress a CMP pad. In another spec f ¢ aspect, the predeterm ned he ght or
protrus on d stance may produce a cutt ng depth of from about 1 m cron to about 20 m crons when used to dress a
CMP pad. In yet another spec f ¢ aspect, the predeterm ned he ght or protrus on d stance may produce a cutt ng
depth of from about 10 m cron to about 20 m crons when used to dress a CMP pad. It shou d a so be noted that the
eve ng of superabras ve part c es to a predeterm ned he ght may be dependent on superabras ve part c e spac ng. In
other words, the farther superabras ve part c es are separated, the more the mp ng ng forces w__affect each
superabras ve part c e. As such, patterns w th ncreased spac ng between the superabras ve part c es may benef t
from a sma _er var at on from predeterm ned he ght.

In one spec fc examp e, a p ura ty of cutt ng e ements such as superabras ve part c es can protrude to a

predeterm ned he ght above a b nd ng mater a such as, for examp e, a so dfed organ ¢c matera ayer. Though any
predeterm ned he ght that wou d be usefu n an abrad ng or cutt ng too wou d be cons dered to be w th n the
presenty ¢ a med scope, n one spec f ¢ aspect the predeterm ned he ght may produce a cutt ng depth of ess than
about 20 m crons when used to abrade a workp ece. In another spec f ¢ aspect, the predeterm ned he ght may
produce a cutt ng depth of from about 1 m cron to about 20 m crons when used to abrade a workp ece. In yet another
spec f ¢ aspect, the predeterm ned he ght may produce a cutt ng depth of from about 10 m cron to about 20 m crons
when used to abrade a workp ece. In yet another aspect, the predeterm ned he ght may produce a depth of up to or
more than 50 or 100 m crons.
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As a further examp e, t may a so be benef c a for the cutt ng e ements to protrude from the b nd ng mater a , for
examp e, so dfed organ c matera_ayer to a predeterm ned he ght or ser es of he ghts that _s/are a ong a des gnated
prof e. Numerous conf gurat ons for des gnated prof es are poss b e, depend ng on the part cu ar use of the abrad ng
too . In one aspect, the des gnated prof e may be a p ane. In p anar prof es, the h ghest protrud ng po nts of the

cutt ng e ements are ntended to be substanta y eve. It s mportant to po nt out that, though t s preferred that these
po nts a_gn w th the des gnated prof e, there may be some he ght dev at on between cutt ng e ements that occur due
to _mtatons nherent n the manufactur ng process.

In add t on to p anar prof es, n another aspect the des gnated prof e has a s ope. Too s hav ng s op ng surfaces may
funct on to more even y spread the fr ct ona forces mp ng ng thereon across the cutt ng e ements, part cu ary for
rotat ng too s such as d sk sanders and CMP pad dressers. The greater downward force app ed by h gher centra
port ons of the too _may offset the h gher rotat ona ve oc ty at the per phery, thus reduc ng the mechan ca_stress
exper enced by cutt ng e ements n that _ocat on. As such, the s ope may be cont nuous from a centra _po nt of the too
to a per phera po nt, or the s ope may be d scont nuous, and thus be present on ony a porton of the too. Sm ary, a
gven too may have asnge sope ormutpe sopes. In certa n aspects, the too may s ope n adrecton from a
centra _po nt to a per phera po nt, or t may s ope from a per phera po nt to a centra _po nt.

Var ous s opes are contemp ated that may prov de a beneft to so d fed organ ¢ matera _ayer too s. It s not ntended
that the c a ms of the present nventon be mted as to specfc s opes, as a var ety of s opes n numerous d fferent
too s are poss b e. In one aspect, however, a CMP pad dresser may beneft from an average s ope of 1/1000 from the
center to the per phery.

As a varaton on too s hav ng a s ope, n certa n aspects the des gnated prof e may have a curved shape. One

spec f c examp e of a curved shape s a dome shape too . Such curved prof es functon n asm ar manner to the
s oped surfaces. Too s may nc ude such curved prof es n order to more effect ve y d str bute the fr ct ona forces
between a_of the cutt ng e ements, thus reduc ng fa_ures of nd vdua partces and pro ong ng the fe of the too .

Furthermore, n some aspects the determ nat on of the d stance that the t ps of the cutt ng e ements extend from a

b nder mater a, such as an organ ¢ b nder, can a so be affected by cons der ng how much of the cutt ng e ements
extend above the b nder compared to how much of the cutt ng e ements rema n submerged beneath the b nder
surface. In one aspect, a rat o of an amount the cutt ng e ements protrude above the b nder to an amount submerged
beneath the b nder s about 4 to 1. In another aspect, about %4 of the cutt ng e ements are submerged, w th about ¥4
be ng exposed above the b nder. Other rat os are a so poss b e, from a 20 to 1 rat o to about 0.2 to 1, nc us ve of
ranges therebetween.

As anon- mtng examp e, n one aspect a CMP pad dresser can nc ude a support substrate, such as a r g d support
substrate, and a mono ayer of a p ura ty of superabras ve part c es coup ed to the support substrate, where the

p ura ty of superabras ve partces ncudes a p ura ty of work ng superabras ve part c es. In use the dresser can be
engaged aga nst a CMP pad and cut aspertes nto the CMP pad hav ng a cutt ng depth of ess than or equa to
about 50 m crons. In another aspect, the cutt ng depth s from about 10 m crons to about 50 m crons. Addtona vy, n
one aspect the p ura ty of work ng superabras ve partces nc udes at east 100 work ng superabras ve partc es, at
east 300 work ng superabras ve part c es, or at_east 500 work ng superabras ve part c es. In another aspect, the

p ura ty of work ng superabras ve partc es ncudes at east 1000 work ng superabras ve part c es. In yet another
aspect, the p ura ty of work ng superabras ve part c es nc udes from about 1000 to about 6000 work ng

superabras ve part c es. In a further aspect, the p ura ty of work ng superabras ve part c es nc udes from about 2000
to about 5000 work ng superabras ve part c es. In yet another aspect, the p ura ty of work ng superabras ve part c es
nc ude at east about 1000 work ng superabras ve part c es that protrude from the r g d support substrate to d stances
w th n about 30 m crons of one another.

It s noted that, n some cases, the number of work ng superabras ve part ¢c es can be determ ned by observ ng edge
or t p wear after use n a dress ng operat on. As such, n one aspect a CMP pad dresser can have greater than about
300 superabras ve part c es w th worn t ps or edges fo ow ng a CMP pad dress ng procedure. In another aspect, a
CMP pad dresser can have greater than about 500 superabras ve part ¢ es w th worn t ps or edges fo ow ng a CMP.
pad dress ng procedure. In a further aspect, a CMP pad dresser can have greater than about 1000 superabras ve
part c es w th worn t ps or edges fo ow ng a CMP pad dress ng procedure.

In one examp e, superabras ve part c e t ps can be descr bed n terms of the d stance that each superabras ve partc e
protrudes from the b nd ng mater a, or matr x_ayer. The d fference n protrus on d stance between the h ghest

protrud ng t p and the next h ghest protrud ng t p of the mono ayer of superabras ve part c es s descr bed as the
protrus on d fference. In one aspect, the protrus on d fference can be ess than or equa to about 50 m crons. In
another aspect, the protrus on d fference can be ess than or equa to about 20 m crons. In a further aspect, the
protrus on d fference can be ess than or equa to about 10 m crons. It s noted that the term “protrus on d fference”
can a so be used to descr be the d fference n protrus on d stance between any two or more superabras ve part c es.
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In another aspect, and n add t on to the protrus on d fference between the h ghest two protrud ng t ps, the d fference
n protrus on d stance between the h ghest 10 protrud ng t ps of the mono ayer of superabras ve partces are wthn
about 30 m crons or ess. In yet another aspect, the d fference n protrus on d stance between the h ghest 10

protrud ng t ps of the mono ayer of superabras ve part c es are w th n about 20 m crons or ess.

Add tona y, n some aspects the d fference n protrus on d stance between the h ghest 1% of the protrud ng t ps of
the frst mono ayer of superabras ve part c es can be w th n about 80 m crons or ess. In other words, for the 1% of the
p ura ty of superabras ve part c es that have the h ghest protrud ng t ps, the var ance n protrus on d stance for that
1% s ess than or equa to about 80 m crons. For examp e, the two h ghest protrud ng superabras ve partce tps
protrude to w th n about 10 m crons or ess of each other, and n add t on, the h ghest protrud ng 1% of superabras ve
part c e t ps protrude to w th n about 80 m crons or ess of each other. In yet another aspect, the d fference n

protrus on d stance between the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve part c es are

w th n about 60 m crons or ess. In yet another aspect, the d fference n protrus on d stance between the h ghest 1%
of the protrud ng t ps of the mono ayer of superabras ve part c es are w th n about 40 m crons or ess.

It s noted that the rec ted protrus on d stances can nc ude a d str but on across the ent re mono ayer surface or a

d screte area or segment of the mono ayer. For examp e, the h ghest 1% of protrud ng t ps can be ocated around the
per phery of the mono ayer. In one aspect, for examp e, substanta y a of the aspertes are cut n the CMP pad by
superabras ve partc es ocated at a per phera ocat on of the dresser. In another aspect, the per phera ocaton
extends from an outer edge of the dresser nward y toward a center po nt of the dresser for up to about 90% of the
dresser rad us. In yet another aspect, the per phera ocat on extends from an outer edge of the dresser nward y
toward a center po nt of the dresser for up to about 50% of the dresser rad us. In a further aspect, the per phera
ocat on extends from an outer edge of the dresser nward y toward a center po nt of the dresser for up to about 33%
of the dresser rad us. Add tona y, n some aspects, substanta y a of the superabras ve part c es are ocated at a
per phera ocaton of the dresser. In other aspects, substanta y a of the superabras ve part c es are arranged n

un form predeterm ned pattern at a per phera ocat on of the dresser.

In another examp e, d screte reg ons of eve ed superabras ve partc e t ps can be ocated wth n a arger area of
superabras ve part c es hav ng a ower protrus on d stance than the eve ed porton. It s a so contemp ated that the
mono ayer can nc ude mu t p e reg ons or segments of superabras ve part c es that are eve ed as descrbed, wthn a
arger area of superabras ve part c es hav ng a ower protrus on d stance.

Thus, the re at ve eve ng of the mono ayer of superabras ve part c es can great y affect the morpho ogy and

d str but on of asper t es cut nto the CMP pad by the dresser. For examp €, n one aspect, the mono ayer s eve ed
such that rotat ng the dresser aga nst the CMP cuts asper t es hav ng a max mum cutt ng depth of about 80 m crons.
In another aspect, the mono ayer s eve ed such that rotat ng the dresser aga nst the CMP cuts aspertes havng a
max mum cutt ng depth of about 60 m crons. In yet another aspect, the mono ayer s eve ed such that rotat ng the
dresser aga nst the CMP cuts aspert es hav ng a max mum cutt ng depth of about 40 m crons. By form ng po nted
asper t es, the contact pressure between the work p ece and the CMP pad s ncreased, thus mprov ng the po sh ng
character st cs of the pad. As these po nted reg ons beg n to f atten, the contact pressure beg ns to decrease, and

s urry ocated therebetween s ess effect ve y pressed aga nst the work p ece. In some aspects t can be benefca for
the contact area between the pad and the wafer to be ess than or equa to about 1% of the tota wafer surface area
fac ng the pad. In other aspects, t can be benefca for the contact area between the pad and the wafer to be ess
than or equa to about 0.1% of the tota wafer surface area fac ng the pad. Ths sma contact area s due to the wafer
be ng perched on the contact po nts of the asper t es. Dur ng the po sh ng process, the sharp t ps of the aspertes
become worn, thus ncreas ng the contact area and decreas ng the contact pressure to a po nt whereby the s urry
abras ves do not effect ve y abrade the wafer. At th s po nt the remova rate of mater a from the wafer drops, and the
pad needs to be redressed to resharpen the aspertes.

Add tona y, the oad p aced on the CMP pad by the dresser can affect the morpho ogy of the spacers, such as, n
some cases, the asper ty depth. The oad can be adjusted for a g ven dresser to adjust penetrat on depth. In one
aspect, for examp e, the oad can be from about 0.1 Kg to about 60 Kg. In other aspects, the oad can be from about
2 Kg to about 20 Kg. In further aspects, the oad may be from about 6 Kg to about 12 Kg. In some aspects the oad
may be Kg/m2. For examp e, n one aspect an 11.5 Kg oad can a ow a matera remova rate from the wafer of about
200 m crons per hour for Cu ayers. In a re ated examp e, an 11.5 Kg oad can a ow a mater a remova rate from the
wafer of about 100 m crons per hour for ox des. In many cases, a ower oad can be used n order to m n m ze the
superabras ve part c e damage (e.g., ess than or equa to about 2 Kg).
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Furthermore, eve ng of the t ps of the superabras ve part c es n the mono ayer a ows d ffer ng amounts of
superabras ve part c es to actua y cut asper tes nto the pad. In one aspect, for examp e, the t ps are eve ed such
that at east 100 t ps of the p ura ty of superabras ve part c es cut aspertes nto the CMP pad as the dresser s
rotated. In another aspect, the t ps are eve ed such that at east 50 t ps of the p ura ty of superabras ve part c es cut
asper tes nto the CMP pad as the dresser s rotated. In a further aspect, the t ps are eve ed such that at east 25t ps
of the p ura ty of superabras ve part c es cut aspertes nto the CMP pad as the dresser s rotated.

VareusAdd tona vy, var ous methods can be ut zed to measure superabras ve part c e t p he ght to determ ne the

d fference n protrus on d stance between t ps. As such, any method for mak ng such a determ naton s cons dered to
be w th n the present scope. It shou d be noted that for the purposes of the present d sc osure, the term “protrus on”
refers to the he ght of a part c e re at ve to some reference po nt. Techn ques for such measurements can nc ude

d rect measurements of the t p he ghts re at ve to a reference po nt such as, for examp e, the h ghest partcetp, a
surface of a r g d support, the bottom surface of the matr x, etc. Measurements of part c e he ght from the surface of
the matr x mater a can be prob emat c, however, due to the rregu ar nature of such mater a s due to w ck ng around
the superabras ve part c es. In those cases whereby the matr x matera s un form, such a surface may be used to
determ ne part c e he ght. Add tona vy, a re at ve protrus on or he ght d fference between two part ¢ es wou d be the

d fference n the he ghts between these part c es measured from a common reference po nt. Furthermore, n some
cases the superabras ve partc es may e aong a s ope, curvature, or some other arrangement that s not para e to
the under y ng support, such as, for examp e, a meta support ayer. In these cases, the protrus on he ght wou d be
norma zed aga nst the s ope, curvature, or other arrangement so that the re at ve protrus on he ght d fference
between part c es can be measured n the absence of the s ope, curvature, etc. It shou d be noted that superabras ve
partce tp he ght eve ng can, n some cases, be ndependent from the pos t on ng or pattern ng of the superabras ve
part c es across the surface of the dresser.

One examp e of a d rect measurement techn que can nc ude an opt ca scann ng process to eva uate superabras ve
partce tp postons. In one such process, an opt ca scanner can scan the surface of the CMP pad dresser to
determ ne the he ght of the superabras ve partc e t ps re at ve to a f xed po nt. For examp e, the scanner can scan
downward n space toward the dresser unt the hghesttp s ocated. The h ghest t p can then be set to the reference
po nt, and the scanner can cont nue scann ng n a d rect on toward the dresser measur ng the d stance from the
reference po nt to each superabras ve part c e t p across the surface of the dresser. Accord ngy, the d fference n
protrus on d stance between a of the superabras ve part ¢ es across the dresser can be d rect y measured.

Furthermore, measurement techn ques can a so ncude nd rect measurements, such as, for examp e, app y ng the
d amond mono ayer to a deformab e substrate that deforms re at ve to the protrus on d stance of the partc e tps. The
d amond mono ayer can be pressed nto the deformab e substrate and/or moved across the deformab e substrate to
form a scratch pattern there n. T p he ght can thus be extrapo ated from such nd rect measurements.

Numerous conf gurat ons for des gnated prof es are poss b e depend ng on the part cu ar use of the abrad ng too ,
and a_such des gnated prof es are cons dered to be w th n the present scope. In one aspect, for examp e, the

des gnated prof e can be a p ane. In p anar prof _es, the h ghest protrud ng po nts of the superabras ve part c es are
ntended to be substanta y eve n the tradtona sense. It s mportant to po nt out that, though t s preferred that
these po nts a_gn w th the des gnated prof e, there may be some he ght dev at on between superabras ve part c es
that occur due to _m tat ons nherent n the manufactur ng process.

In add t on to p anar prof es, n another aspect of the present nvent on the des gnated prof e has a s ope. Too s

hav ng s op ng surfaces may funct on to more eveny spread the fr ct ona forces mp ng ng thereon across the
superabras ve part c es, part cu ar y for rotat ng too s such as d sk sanders and CMP pad dressers. The greater
downward force app ed by h gher centra port ons of the too_may offset the h gher rotat ona ve oc ty at the per phery,
thus reduc ng the mechan ca_stress exper enced by superabras ve part c es n that ocat on. As such, the s ope may
be cont nuous from a centra po nt of the too to a per phera po nt, or the s ope may be d scont nuous, and thus be
present on ony a porton of the too. Sm ary, agven too may have asnge sope or mutpe sopes. In certan
aspects, the too may s ope n a drecton from a centra_po nt to a per phera po nt, or t may s ope from a per phera
po nt to a centra_po nt. Var ous s opes are contemp ated that may prov de a beneft to so d fed organ c matera ayer
toos. It s not ntended that the ¢ a ms of the present nventon be m ted as to specfc s opes, as a var ety of s opes
n numerous d fferent too s are poss b e. In one aspect, however, a CMP pad dresser may beneft from an average

s ope of 1/1000 from the center to the per phery.

Furthermore, n certa n aspects the des gnated prof e may have a curved shape. One spec f ¢ examp e of a curved
shape s a dome shape CMP pad dresser. Such curved prof es functon n a s m ar manner to the s oped surfaces.
CMP pad dressers may nc ude such curved prof es n order to more effect ve y d str bute the fr ct ona forces
between a_of the superabras ve part c es, thus reduc ng fa ures of nd v dua partc es and pro ong ng the fe of the
dresser. A so, CMP pad dressers can have des gnated prof es that comb ne any of a p ane, a s ope, a curved shape,
a dome shape, and the ke, nto a var ety of comp ex prof es.
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In another aspect of the present d sc osure, a CMP pad dresser can _nc ude a support substrate, suchasargd
support substrate, and a mono ayer of a p ura_ty of superabras ve part c es coup ed to the support substrate, where
each superabras ve part c e n the mono ayer extends away from the support substrate to a protrus on d stance, and
where the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest protrud ng t p
of the mono ayer of superabras ve partces s ess than or equa to about 50 m crons. Add tona vy, the d fference n
protrus on d stance between the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve part c es are

w th n about 80 m crons or_ess. In another aspect, the d fference n protrus on d stance between the h ghest

protrud ng t p and the second h ghest protrudng tp s ess than or equa to about 10 m crons. In yet another aspect,
the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest protrudng tp s ess
than or equa to about 10 m crons. In a further aspect, the d fference n protrus on d stance between the h ghest
protrud ng t p and the 10h ghest protrud ng t p s ess than or equa to about 20 m crons. In yet another aspect, the
d fference n protrus on d stance between the h ghest protrud ng t p and the 100" h ghest protrudng tp s ess than or
equa to about 40 m crons.

In another aspect of the present d sc osure, a CMP pad dresser s prov ded nc ud ng a support substrate and a
p ura ty of superabras ve part c es secured to the support substrate and pos t oned to engage and dress a CMP pad,
where the p ura ty of superabras ve part ¢ es cut to depths of ess than 50 m crons nto a CMP pad dur ng a dress ng

procedure.

In a further aspect, a method of dress ng a CMP pad s prov ded. Such a method can nc ude app y ng a CMP pad

dresser to a CMP pad, and mov ng at_east one of the CMP pad or the CMP pad dresser w th respect to one another

to cut aspertes nto the CMP pad hav ng a cutt ng depth of from about 10 m crons to about 50 m crons. As one non-
m t ng examp e, an exemp ary CMP pad can _nc ude a support substrate and a mono ayer of a p ura ty of

superabras ve part ¢ es coup ed to the support substrate, where the p ura ty of superabras ve part c es nc udes a

p ura ty of work ng superabras ve part c es.

In one exemp ary aspect, as s shown n FIG. 1, a CMP pad dresser 100 nc udes a mono ayer of a p ura_ty of
superabras ve part c es 102 coup ed to a support substrate 104 w th, for examp e, a b nd ng mater a_105. Each

superabras ve part c e n the mono ayer protrudes to a protrus on d stance from the support substrate.
] 8 a ) D

A var ety of mater a s are contemp ated for use as superabras ve part c es. Any superabras ve known that can be

ut zed n a CMP pad dresser shou d be cons dered to be w th n the present scope. Non- m t ng examp es of such
materas ncude d amond materas, ntrde materas, ceramcs, and the ke. In one aspect, the superabras ve
partces nc ude d amond mater as. Such d amond materas can nc ude natura or synthetc d amond, sng e crysta,
po ycrysta ne, and the ke. In another aspect, the superabras ve part ces ncude cub c boron n trde materas.

It s ntended that the scope of the present d sc osure nc ude superabras ve part c es of a _conce vab e s zes that
wou d be usefu n dress ng a CMP pad. Aspects of the present d sc osure, however, specfca y a ow the retent on of
superabras ve partces n a CMP pad dresser of s zes that have not prev ous y been feas b e for use n meta toos
made us ng trad t ona_techn ques w th part c es exposed and arranged n a pattern. In one aspect, superabras ve
part c es may range n s ze from about 30 m crons to about 250 m crons. In another aspect, superabras ve part c es
may range n s ze from about 100 m crons to about 200 m crons. In yet another aspect, superabras ve part c es can
range from 100 m crons to 150 m crons. Add tona y, var ous d amond part c es s zes can be used, nc ud ng mesh

s zes such as 10/20, 30/40, 80/90, 90/100, 100/120, 120/140, 140/170, 170/200, 200/230, 230/270, 270/325, and
325/400.

Add tona vy, the p ura ty the superabras ve part c es can be or ented so as to affect dress ng performance of a CMP
pad. Or ent ng the superabras ve partces n a specfc atttude n re at on to the CMP pad to be dressed creates

d fferent asper tes n the pad surface, thus a ter ng the performance of the CMP pad. D fferent asper t es retan s urry
n d fferent manners and thus po sh a workp ece d fferent y accord ng to asper ty depth, w dth, dens ty, etc. The
superabras ve part ¢ es of a CMP pad dresser can be or ented accord ng to the des red po sh ng character st cs of
the CMP pad. For examp e, fthe superabras ve part c es predom nanty have an apex or ented towards the CMP
pad, the asper tes of the pad w be narrow and deep. The advantages of narrow and deep asper t es are that the
pad can better reta n the po sh ng s urry, and thus the po sh ng rate of the wafer ncreases. However, the ncreased
po sh ng rate may a so ncrease the wear rate of the superabras ve part c es. As such, wear rate may vary depend ng
on the att tude of the superabras ve part c es, and therefore, the or entat on of each superabras ve part c e may be
cons dered when des gn ng a dev ce w th des red performance character st cs. Genera y speak ng, superabras ve
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part c e att tudes that prov de h gher dress ng rates ( .e. deeper penetrat on nto a pad) a so wear part c es out at a
h gher rate.

In contrast, fthe superabras ve part c es are or ented w th a face towards the pad, the resu t ng asper tes may po sh
at a ower rate. The face of the partce s genera y thought to be more durab e, but does not typ ca y cut deep and
narrow asper tes n the pad, but rather asper t es that are sha ow and broad. Therefore the face porton of a partce
w dress a CMP pad at a reduced rate compared to the apex port on of a part c e, but the superabras ve partce w
wear at a much ower rate.

The edge port ons of a superabras ve part c e have dress ng and wear character st cs that are between those of the

face and apex port ons. It has been thought that f the edge porton s ut zed to dress a CMP pad, the aspertes are
not as deep or narrow as those dressed w th an apex port on, but may prov de aspertes havng desrabe

ntermed ate character st cs. Further, the edge port on of the part c e does not wear at such a h gh rate as that of an

apex.

In one aspect, the p ura ty of superabras ve part c es are substanta y a confgured n an att tude hav ng e ther an
apex porton or an edge port on or ented toward a pad to be dressed. In another aspect, the p ura ty of superabras ve
partc es are substanta y a confgured n an att tude hav ng e ther an edge _port on or a face port on or ented toward
a pad to be dressed. In yet another aspect, the p ura ty of superabras ve part c es can be confgured n an att tude
hav ng a sharp port on or ented towards a pad to be dressed._In a further aspect, the p ura ty of superabras ve

part c es can be confgured n an att tude hav ng an apex port on or ented towards a pad to be dressed.

A CMP pad dresser hav ng sueha substanta y eve ed t p arrangements can have a ow scratch rate because
superabras ve partces are ess key to pu out of the matr x ayer due to the r more un form protrus on d str but on
compared to trad tona dressers. Add tona y, the more un form protrus on d str but ons of such a dressers a ows the
cond ton ng of CMP pads n such a manner as to fac tate good po sh ng rates wh e at the same t me extend ng the
effect ve work ng fe of the dresser. These benefts can be affected by, for examp e, un form asper ty spac ng and

s ze d strbuton n the CMP pad.

y - : CMP pad
dressers hav ng substant ay eve ed or eve ed superabras ve partce t ps can be made us ng var ous manufactur ng

techn ques, and any such techn que s cons dered to be w th n the present scope. The fo_ow ng descr pt on prov des
a few non- mtng descr pt ons of such exemp ary processes.

In one aspect, for examp e, a CMP pad dresser can be made us ng a braz ng process, and as such wou d genera y
nc ude a support substrate and a p ura ty of superabras ve part c es coup ed to the support substrate by a meta or
meta a oy braze mater a. As has been descr bed, trad t ona_braz ng techn ques create warpage n the dresser as
the braze mater a coo s. As such, superabras ve part c e t ps that were _eve ed pr or to braz ng are substanta y

m sa gned n the manufactured dresser. Therefore, steps to m n m ze or e m nate the warpage must be taken when
us ng a braze process n order to mantantp eve ng. Varous techn ques to m nm ze or e m nate warpage are
contemp ated, and any such techn que s cons dered to be w th n the present scope.

As one genera _examp e, a CMP pad dresser can be made n at east a two stage process, where the frst stage s
performed n a manner that m n m zes perturbat ons of the eve ed t ps n a process that wou d norma y sgnfcanty
move the superabras ve t ps out of a eve ed arrangement, such as, for examp e, by braz ng. The second stage of the
process can further enhance the eve ng of superabras ve part c e t ps across the CMP pad dresser. Other examp es
may ncude ut zng ower temperature a oys, us ng s ow temperature ramp ng n heat ng and/or coo ng of the
support substrate, us ng add t ona mechan ca support to frm y ho d the support substrate from mov ng when

warpage occurs, and the ke.

examp e, none aspect a CMP pad dresser can nc ude a f rst mono ayer of superabras ve partces d sposed on one
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s de of a meta support ayer and a second mono ayer of superabras ve part c es d sposed on the meta support ayer
on an oppos te s de from the f rst mono ayer. The superabras ve part ¢ es of the second mono ayer are pos t oned to
have substant a y the same d str but on as the superabras ve part c es of the frst mono ayer. Argd support s

coup ed to the second mono ayer of superabras ve part c es oppos te the frst mono ayer to prov de support to the
dresser.

As s shown n FIG. 42, for examp e, a f rst mono ayer of superabras ve part c es 462202 s arranged on a surface of
a meta—support -ayer404.substrate 204. A second mono ayer of superabras ve part c es 406206 s arranged on the

meta—support -ayer-404substrate 204 on a s de that s oppos te to the frst mono ayer. As s d scussed further be ow,
n some cases the frst and second mono ayers of superabras ve part ¢ es can be arranged such that correspond ng
superabras ve part ¢ es across the meta—support ayer are n substanta a gnment, as s shown n FIG. 42. In other

cases, the superabras ve part c es of the frst and second mono ayers can be arranged n a substanta y sm ar

d str but on, but may or may not be substanta y a gned w th one another across the meta—support -ayersubstrate.

The d spos t on of a mono ayer of superabras ve part ¢ es on each s de of the meta—ayersupport substrate thus
moderates the therma shr nkage from the braz ng temperature that wou d otherw se buck e a d str but on of
superabras ve part ¢ es arranged on just one s de. By app y ng a mono ayer to each s de of the meta—support
-ayersubstrate, warp ng forces such as therma movement and pressure can be equa zed or substanta y equa zed
enfrom both s des. As such, the warpage of the meta—support -ayersubstrate can be m n m zed. In other words, the
forces respons b e for warp ng are app ed substanta y equa y to each s de of the meta—ayersupport substrate and
can thus at east parta y cance one another out, thus m n m z ng warpage that can otherw se occur. In some
aspects, the superabras ve part c es mak ng up the mono ayers on each s de of the meta—ayersupport substrate can
have match ng conf gurat ons, patterns, or or entat ons to one another. In th s way there can be a substanta y

match ng spata arrangement of superabras ve part c es on each s de of the meta—ayer-support substrate. In another
aspect, the conf gurat ons, patterns, or or entat ons can be d fferent or var ed from one another, or may be parta y
match ng. In yet another aspect, the patterned p acement of the superabras ve part c es on one s de of the meta-
support -ayersubstrate can be substanta y a gned w th the pattern of superabras ve part ¢ es on the other s de of the
meta—ayersupport substrate so that part c e ocat ons match one another. In some aspects, there can be a d rect
correspondence between the spata poston ng of superabras ve part c es on one s de of the meta—support
-ayersubstrate and the spata pos t on ng of superabras ve part c es on the other s de of the meta support
-ayersubstrate. In another aspect, the patterns of superabras ve part c es may match or substanta y match one
another, but may be offset on oppos te s des of the meta—support -ayersubstrate so that part ce ocat ons do not
match one another.

Accord ngy, mn m z ng the warpage of the meta—support -ayersubstrate can ma nta n a greater degree of eve ng of
superabras ve partce t ps n the fnshed too . When heat and/or pressure are used to make a superabras ve too,
warpage of the meta—support -ayversubstrate can cause great varatons n tp he ght eve, even for those part c es
that were eve ed pror to heat ng and/or app y ng pressure. In one aspect, d str but ng the warpage forces equa y or
substanta y equa y on both s des of a meta—support -ayersubstrate through the arrangement of the superabras ve
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part c es can effect ve y cance forces on oppos ng s des and thus great y reduce the degree of warp ng occurrng n
the meta—support -ayersubstrate, thus a so m n m z ng the re at ve he ght movement of the superabras ve part c es
re at ve to one another. In other aspects, CMP pad dressers can be made us ng processes that do not ut zed h gh
pressure and/or h gh temperature.

the ke, nc ud ng comb nat ons thereof. In one specfc asgect the sugerabras ve Qart ces can be temgorar y

coup ed to the support substrate us ng an adhes ve that then vo at zes away and s e m nated dur ng construct on of
the dresser.

In another aspect, as s shown n FIG. 563, a frst mono ayer of superabras ve part c es 502302 s arranged on a
surface of a meta—support -ayer-504substrate 304. A second mono ayer of superabras ve part c es 506306 s
arranged on the meta—support -ayer-504substrate 304 on a s de that s oppos te to the f rst mono ayer. A bond ng
mater a 508308 secures the frst mono ayer and the second mono ayer to the meta—support -ayer504substrate 34.
The bond ng mater a can be any mater a capab e of secur ng the f rst and second mono ayer to the meta—support
-ayersubstrate. In some aspect, the bond ng mater a can be the same for secur ng the frst mono ayer and the
second mono ayer, wh e n other aspects; the bond ng mater a can be d fferent for secur ng the f rst mono ayer and
the second mono ayer.

Fhelt_s noted that the var ous descr pt ons of mater a s, attachment techn ques, and the ke, can be genera y
app _cab e to any CMP pad dresser des gn to wh ch such mater a s, techn ques, and the ke are app cab e. For
examp e, a mater a_that can be used to secure a superabras ve part c e to a substrate can be used n both dua
mono ayer and s ng e mono ayer dresser des gns.

Accord ngy, the bond ng mater a can be any matera capab e of secur ng superabras ve part c es there n. Non-
m tng examp es of bond ng matera s nc ude meta brazes, meta braze a oys, organ c matr x mater a s, s ntered
mater a s, e ectrop ated materas, and the ke, ncud ng comb nat ons thereof.

In one aspect, for examp e, the superabras ve part ¢ es can be brazed to the meta—support -ayersubstrate, and thus
the bond ng mater a can be a meta braze or meta braze a oy. Meta braz ng techn ques are known n the art. A
green braze mater a can be app ed to the meta—support -ayersubstrate on or around the superabras ve part c es.
The meta braze can be app ed n any krewknown conf gurat on, nc ud ng braze sheets, powders, pastes, sprays,
and the ke, ncud ng comb nat ons thereof. Once app ed to the meta—support -ayersubstrate, the braze can be
heated and me ted to coat at east a port on of the meta—support -ayersubstrate and to bond the superabras ve

part c es. The heat ng temperature can vary depend ng on the braze matera used, but n one aspect can be from
about 700° C.to about 1200° C. ,

In one non- mtng examp e, the superabras ve part c es can be bonded to the meta—support -ayersubstrate by
braz ng w th a n cke -based a oy conta n ng chrom um. In another examp e, the braz ng can nc ude press ng the
superabras ve partc es w th a f at ceram ¢ mater a that cannot be bonded to the braze n order to eve the
superabras ve partc e t ps. Var ous braze a oys are contemp ated, nc ud ng non- mtng examp es such as BN »,
BN ;, and the ke.
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Addtona y, none aspect at-east-one-of the frst-and-second-mono-ayers-of- superabras ve part c es can be coup ed
to the meta—support -ayersubstrate by an e ectrodepos t on process, and thus the bond ng mater a can be an eectro
depes-tede ectrodepos ted meta matera. As an examp e of a su tab e method for pos t on ng and reta n ng abras ve
mater a s pror to and dur ng the e ectrodepos t on process, a mo d can be used that nc udes an nsu at ng mater a
that can effect ve y prevent the accumu at on of e ectrodepos ted mater a on the mo d ng surface. Superabras ve
part c es can be he d on the mo d ng surface of the mo d dur ng e ectro depos t on. As such, the accumu at on of
e-ectro-depos-tede ectrodepos ted matera can be prevented from occurr ng on the part c e t ps and the work ng
surface of the pad cond t oner substrate. Such techn ques are descrbed n U.S. patent app caton Ser. No.
11/292,938, f ed Dec. 2, 2005, wh ch s hereby ncorporated here n by reference.

In another aspect, the superabras ve part c es can be bonded to the meta—support -ayersubstrate by s nter ng, and
thus the bond ng matera can nc ude a s nter ng mater a. For examp e, the bond ng of the superabras ve partc es to
the meta—support -ayersubstrate can nc ude d spos ng a s nter ng compound on the meta—support -ayersubstrate n
contact w th at-east-enethe p ura ty of thefrstmono-ayerand-the-second-mono-ayersuperabras ve partc es, and

s nter ng the s nter ng compound to bond the at-east-one-of the-frst-mono-ayerand-the-second
mone-ayersuperabras ve part ¢ es to the meta—support -ayersubstrate. Su tab e s nter ng methods w beread y
apprec ated by one of ord nary sk n the art hav ng possess on of th s d sc osure. Bas ca y, a s nter ng compound s
app ed around the superabras ve part c es and n contact w th the meta—support -ayersubstrate. The s nter ng
compound can be any known s nter ng mater a that can be used to secure superabras ve part c es to a substrate.
Non- mtng examp es of such mater as can nc ude meta and meta a oy powders, ceram ¢ powders, and the ke.
One specfc non- mtng examp e of a s nter ng compound s coba t powder.

Once the s nter ng compound has been app ed around the superabras ve part ¢ es and to the meta—support
substrate, heat and n some cases pressure can be app ed to cause s nter ng to occur. In some aspects, a braze or
braze a oy can be nf trated nto the s nter ng compound dur ng bond ng to further strengthen the bond ng mater a
matr x.

tr-aneotheraspeetas—s-shewn—n-FIG—6-In yet another aspect, s nter ng can be used to s nter the p ura ty of

superabras ve partc es nto a CMP pad dresser, where the support substrate s the s nter ng matera . In th s case,
the above rec ted procedure can be repeated w thout the use of a support substrate.

In another aspect heat and pressure can be app ed to bond the frst-moneo-ayerp ura ty of superabras ve
partc es-6 , 606- drecty nto the meta—support
ayee604substrate Thus upon the app cat on of heat and pressure the meta—support -ayer-604-ssubstrate can be
softened or parta y me ted. The superabras ve part c es -n-onre-or-more-of the-mono-ayers-are then pressed nto the
meta—support -ayersubstrate. A p anar eve ng surface can be used to app y pressure to the mono ayer andof
superabras ve part ¢ es to thus ma ntan the eve nature of the superabras ve partce tps as the superabras ve
partces are pressed nto the me ,

be ma nta ned upon the met&support ayersubstrate and superabras ve partces unt coo ed, thus mnmzng

warp ng.

In yet another aspect, as s shown n FIG. 74, a dua mono ayer CMP pad dresser can nc ude a f rst mono ayer of
superabras ve part ¢ es 702402 and a second mono ayer of superabras ve part c es 706406 coup ed to a meta-
support -ayer704substrate 404. The superabras ve part ¢ es can be coup ed to the meta—support -ayersubstrate
drecty or va abond ng mater a. The second mono ayer of superabras ve part c es 706406 s coupedto a
rg-dsecond support-708 substrate 408. A port on of the rg-dsecond support-708- substrate s shown removed n FIG.
74 to expose the second mono ayer. The rg-dsecond support-708 substrate 408 can fac tate hand ng and use of the
CMP pad dresser. By bond ng the superabras ve part ¢ es of the second mono ayer to the rg-dsecond support
substrate, the frst mono ayer of superabras ve part c es rema ns exposed for CMP pad cond t on ng operat ons.

The rg-dsecond support substrate can be made from any mater a compat b e w th the abrad ng or dress ng process.
Such matera s can ncude po ymer c mater a s, meta mater a s, ceram ¢ mater as, g asses, compos tes, and the
ke. In one aspect, the rg-dsecond support_substrate can be a po ymer ¢ mater a and the second mono ayer of
superabras ve part ¢ es can be embedded there n us ng heat, pressure, adhes ves, etc. In some aspects, the
rg-dsecond support substrate can be a non-po ymer ¢ mater a such as a meta ayer. In such cases, the
superabras ve part ¢ es can be bonded to the rg-dsecond support_substrate by adhes ve attachment, so der ng,
braz ng, e ectrop at ng, and the ke. For braz ng techn ques, care can be taken to mnm ze or e m nate warpage n
the meta—ayersubstrate dur ng the heat ng and coo ng process. In another aspect, one or more magnet c e ements
can be p aced nto the rg-dsecond support substrate to attract and ho d the CMP pad dresser n p ace, thus formng a
temporary attachment. An opt ona ock ng mechan sm can be ut zed to further mmob ze the CMP pad dresser to
the rg-dsecond support substrate dur ng use. In some aspects the rg-dsecond support substrate can nc ude surface
features to ho d the dresser n p ace dur ng rotat ona movement aga nst a CMP pad. The +g-dsecond support
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substrate can have approx mate y the same d ameter as the meta support ayer, a arger d ameter than the meta
support ayer, or, n some cases, a sma er d ameter than the meta support ayer.

In another aspect, a CMP pad dresser can be compr sed of a p ura ty of dress ng segments hav ng a p ura ty of

eve ed superabras ve part c es t ps, where the p ura ty of dress ng segments are hed n p ace by a r g d support-_or
support substrate. Such a des gn a ows a p ura ty of sma er dress ng segments to be manufactured hav ng prec se y
eve ed t ps. Sma er d ameter-meta- support ayers n these dress ng segments can be made by processes nvo v ng
heat and/or pressure w th ess warpage due to ther sma er s ze. For examp e, a4 nch d ameter meta d sc can

exh b t greater warp ng due to braz ng as compared to a 0.5 nch d ameter meta d sc. Thus therma d stort on and
part c e foat ng prob ems are decreased. A p ura ty of such dress ng segments can then be coup ed to a arger

d ameter rg-d-support_substrate by processes that do not ntroduce s gn f cant warpage, such as bondng n an

organ ¢ mater a.. Such dress ng segments can have one or more ayer(s) of superabras ve partces couped to a
support ayer. In one aspect, a segment can have a s ng e ayer of superabras ve part c es coup ed to a meta—support
ayer. In another aspect, a segment can have a ayer of superabras ve part ¢ es coup ed to each s de of a-meta-
support ayer, as has been descr bed here n. Thus, th s process a ows the manufacture of CMP pad dressers that
can have prec se t p protrus on to erances. Add tona y, n one aspect, each dress ng segment can have at east three
superabras ve part ¢ es that protrude to the greatest extent. If the three h ghest protrud ng superabras ve part c es on
every dress ng segment are eve ed across the ent re rg-d-support substrate, a CMP pad dresser s made hav ng very
prec se tp eve ng across the entre surface. If, for examp e, ten dress ng segments are used to make the CMP pad
dresser, then the h ghest protrud ng th rty superabras ve partces nthe too w have effect ve y the same protrus on
d stance and be substanta y eve ed. Varous add tona deta s regard ng dress ng segments are deta ed n U.S.
patent app caton Ser. No. 13/034,213, f ed Feb. 24, 2011, wh ch s hereby ncorporated here n by reference.

Var ous organ ¢ mater a s are contemp ated for use as a rg-d-support substrate, and/or to be-used-to-secure thea
second mono ayer of superabras ve part ¢ es and/or the dress ng segments to the rg-d-support_substrate. Examp es
of su tab e organ ¢ matr x mater as nc ude, wthout m taton, amno res ns, acry ate res ns, a kyd res ns, po yester
res ns, po yamde res ns, poy mde res ns, po yurethane res ns, pheno c res ns, pheno ¢/ atex res ns, epoxy res ns,
socyanate res ns, socyanurate res ns, poys oxane res ns, react ve v ny res ns, po yethy ene res ns, po ypropy ene
res ns, po ystyrene res ns, phenoxy res ns, pery ene res ns, po ysu fone res ns, acry on tr e-butad ene-styrene res ns,
acry cres ns, po ycarbonate res ns, po y m de res ns, and m xtures thereof. In one spec f ¢ aspect, the organ ¢
mater a can be an epoxy res n. In another aspect, the organ ¢ mater a can be a poy mde res n. In yet another
aspect, the organ ¢ matera can be a po yurethane res n.

Add tona y, so-ca ed “reverse cast ng” methods can be used to accurate y or ent and attach the dress ng segments
to the rg-d-support_substrate. Such methods can ncude nta y secur ng the p ura ty of dress ng segments to a
substrate us ng a “mask” mater a . The port ons of the dress ng segments protrud ng from the mask matera can then
be attached to the r g d support us ng the methods d scussed here n, after wh ch (or dur ng wh ch), the mask ng
mater a can be removed.

When an organ ¢ matera s ut zed, methods of cur ng the organ ¢c mater a can be a var ety of processes known to
one sk ed n the art that cause a phase trans ton n the organ c matera from at easta p ab e state to at eastargd
state. Cur ng can occur, w thout m tat on, by expos ng the organ ¢ mater a to energy n the form of heat,

e ectromagnet ¢ rad at on, such as u trav o et, nfrared, and m crowave rad at on, part c e bombardment, such as an

e ectron beam, organ c cata ysts, norgan c cata ysts, or any other cur ng method known to one sk ed n the art.

In one aspect of the present nvent on, the organ ¢ matera can be a thermop ast ¢ matera . Thermop astc materas
can be revers by hardened and softened by coo ng and heat ng respect ve y. In another aspect, the organ ¢ mater a
ayer may be a thermosett ng mater a. Thermosett ng mater a s cannot be revers b y hardened and softened as w th
the thermop ast ¢ mater a s. In other words, once cur ng has occurred, the process can be essenta y rreversbe, f
des red.

As a more deta ed st of what s descr bed above, organ ¢ mater a s that may be usefu n embod ments of the
present nventon ncude, but are not mted to: am no res ns nc ud ng a ky ated urea-forma dehyde res ns,

me am ne-forma dehyde res ns, and a ky ated benzoguanam ne-forma dehyde res ns; acry ate res ns nc ud ng v ny
acry ates, acry ated epox es, acry ated urethanes, acry ated po yesters, acry ated acry cs, acry ated po yethers, v ny
ethers, acry ated o s, acry ated s cons, and assoc ated methacry ates; a kyd res ns such as urethane a kyd res ns;
po yester res ns; po yam de res ns; po y m de res ns; react ve urethane res ns; po yurethane res ns; pheno c res ns
such as reso e and novo ac res ns; pheno c/ atex res ns; epoxy res ns such as b spheno epoxy res ns; socyanate
res ns; socyanurate res ns; poys oxane res ns nc ud ng aky a koxys ane res ns; reactve vny res ns; res ns
marketed under the Bake te™ trade name, nc ud ng po yethy ene res ns, po ypropy ene res ns, epoxy res ns,
pheno c res ns, po ystyrene res ns, phenoxy res ns, pery ene res ns, po ysu fone res ns, ethy ene copo ymer res ns,
acry on tr e-butad ene-styrene (ABS) res ns, acry cres ns, and v ny res ns; acry c res ns; po ycarbonate res ns; and
m xtures and comb nat ons thereof. In one aspect of the present nvent on, the organ c matera may be an epoxy
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res n. In another aspect, the organ ¢ matera may be a poy m de res n. In yet another aspect, the organ ¢ mater a
may be a po yurethane res n.

Numerous add t ves may be ncuded n the organ ¢ mater a to fac tate ts use. For examp e, add tona cross nkng
agents and f ers may be used to mprove the cured character st cs of the organ ¢ matera ayer. Addtona v,

so vents may be ut zed to ater the character st cs of the organ ¢ matera n the uncured state. A so, a re nforc ng
mater a may be d sposed w th n at east a port on of the so d fed organ ¢ matera ayer. Such re nforc ng mater a
may funct on to ncrease the strength of the organ ¢ matera ayer, and thus further mprove the retent on of the

nd vdua abras ve segments. In one aspect, the re nforc ng matera may nc ude ceram cs, meta s, or comb nat ons
thereof. Examp es of ceram cs ncude aumna, aumnum carbde, s ca, s con carbde, zrcon a, zrcon um carb de,
and m xtures thereof.

Addtona y, none aspect a coup ng agent or an organometa ¢ compound may be coated onto the surface of a
superabras ve mater a to fac tate the retent on of the superabras ve part c es n the organ ¢ matera va chemca
bond ng. A w de var ety of organ ¢ and organometa ¢ compounds s known to those of ord nary sk n the art and
may be used. Organometa c coup ng agents can form chem ca s bonds between the superabras ve materas and
the organ ¢ mater a, thus ncreas ng the retent on of the superabras ve mater a s there n. In th s way, the
organometa c coup ng agent can serve as a br dge to form bonds between the organ ¢ mater a and the surface of
the superabras ve mater a . In one aspect of the present nvent on, the organometa ¢ coup ng agent can be a
ttanate, z rconate, s ane, or m xture thereof. The amount of organometa ¢ coup ng agent used can depend upon
the coup ng agent and on the surface area of the superabras ve mater a. Oftent mes, 0.05% to 10% by we ght of the
organ c matera ayer can be suff c ent.

Spec fc non- mtng examp es of s anes su tab e for use n the present nventon nc ude: 3-g yc doxypropy tr methoxy
s ane (ava ab e from Dow Corn ng as Z-6040); y-methacry oxy propy tr methoxy s ane (ava ab e from Un on Carb de
Chem ca s Company as A-174); B-(3,4-epoxycyc ohexy )ethy tr methoxy s ane, y-am nopropy tr ethoxy s ane, N-(j3-
am noethy )-y-am nopropy methy d methoxy s ane (ava ab e from Un on Carb de, Sh n-etsu Kagaku Kogyo K.K.,
etc.). Specfc non- mtng examp es of t tanate coup ng agents ncude: sopropy tr sostearoy t tanate,

d (cumy pheny ate)oxyacetate t tanate, 4-am nobenzenesu fony dodecy benzenesu fony t tanate, tetraocty b s

(d tr decy phosph te) t tanate, sopropy tr (N-ethy am no-ethy am no) t tanate (ava ab e from Kenr ch Petrochem ca s.
Inc.), neoa kyoxy t tanates such as LICA-01, LICA-09, LICA-28, LICA-44 and LICA-97 (aso ava ab e from Kenr ch),
and the ke. Spec fc non- mtng examp es of aum num coup ng agents nc ude acetoa koxy a um num

d sopropy ate (ava ab e from Ajnomoto K.K.), and the ke. Specfc non- mtng examp es of z rconate coup ng
agents nc ude: neoa koxy z rconates, LZ-01, LZ-09, LZ-12, LZ-38, LZ-44, LZ-97 (a ava ab e from Kenr ch
Petrochem ca s, Inc.), and the ke. Other known organometa c coup ng agents, e.g., th o ate based compounds, can
be used n the present nvent on and are cons dered w th n the scope of the present nvent on.

In other aspects of the present d sc osure, superabras ve part c e t ps can be eve ed by reduc ng the protrus ons of
part c es that are outs de of the des red to erance range. Once such part c es are dentfed, var ous techn ques can be
ut zed to reduce such protrus ons. In one aspect, for examp e, mechan ca abras on of the dresser can reduce the
protrud ng part c es. In another aspect, a v brat on too can be used to nd v dua y break such part c es. In yet another
aspect, a aser such as a Nd:YAG aser can be used to d srupt such partc es.
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In yet a further aspect of the present d sc osure, a CMP pad dresser can nc ude a p ura ty of superabras ve part c es
arranged as a work ng surface, where the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrud ng t p of the frst mono ayer of superabras ve partces s ess than or equa to about 20

m crons, and where the d fference n protrus on d stance between the h ghest 1% of the protrud ng t ps of the frst
mono ayer of superabras ve part c es, exc ud ng the h ghest protrud ng t p, are w th n about 80 m crons.

In another aspect, a CMP pad dresser can ncude a p ura ty of superabras ve part c es arranged as a work ng
surface, where the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest
protrud ng tp s ess than or equa to about 10 m crons, the d fference n protrus on d stance between the h ghest
protrud ng t p and the 10"h ghest protrud ng tp s ess than or equa to about 20 m crons, the d fference n protrus on
d stance between the h ghest protrud ng t p and the 100*h ghest protrud ngtp s ess than or equa to about 40

m crons, and the h ghest protrud ng t p has a protrus on d stance of greater than or equa to about 50 m crons.

It s noted that, wh e the above d sc osure refers pr mar y to CMP pad dressers, other prec s on gr nd ng and/or
abrad ng too s are cons dered to be w th n the present scope. As such, the techn ques and teach ng d sc osed here n
can add tona y be app ed to such toos.

Addtona y, t s noted that trad tona CMP process ng techn ques, ncud ng pad dress ng, has mted the crtca

d mens on of ntegrated crcuts. The presenty d sc osed CMP dress ng dev ces and techn ques can, however, a ows
process ng of wafers hav ng ntegrated crcut crtca d mensons of ess than or equa to 45 nm, 32 nm, 28 nm, 22
nm, or ess.

Of course, t s to be understood that the above-descr bed arrangements are ony ustrat ve of the app cat on of the
pr nc p es of the present nvent on. Numerous mod f cat ons and a ternat ve arrangements may be dev sed by those
sk ed n the art w thout depart ng from the sp rt and scope of the present nvent on and the appended c a ms are
ntended to cover such mod f cat ons and arrangements. Thus, wh e the present nvent on has been descr bed above
w th part cu arty and deta n connecton w th what s presenty deemed to be the most pract ca and preferred
embod ments of the nventon, tw be apparent to those of ord nary sk  n the art that numerous mod f cat ons,

nc ud ng, but not mted to, var atons n s ze, mater a s, shape, form, funct on and manner of operat on, assemb y
and use may be made w thout depart ng from the pr nc p es and concepts set forth here n.

Claims:
What s camed s:

R g a-CMP pad dresser-aga-rst-a-CMP-pad;-the-dresser
-Acbd-Rg, comprsng:arg d support substrate and a mono ayer of a p ura ty of superabras ve partces
protrud-ngcoup ed to the support substrate, where n each superabras ve part c e n the mono ayer extends away from
the support substrate to a protrus on d stance, where n a t p of each of the p ura ty of superabras ve partces a gns
aong a matrx—ayer,des gnated prof e wth a tp var at on of from about 5 m crons to about 100 m crons, and where n

the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest protrud ng t p of the
mono ayer of superabras ve partces s ess than or equa to about
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M 2% W -50 m crons, and the d fference n protrus on
d stance between the h qhest 1% of the protrud ng tps of the mono ayer of superabras ve part c es are w th n about
80 mcrons or_ess.

2. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrudng tp s ess than or equa to about 10 m crons.

3. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrudng tp s ess than about 10 m crons.

4. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
10nh ghest protrud ngtp s ess than or equa to about 20 m crons.

5. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
100" h ghest protrud ng tp s ess than or equa to about 40 m crons.

6. The dresser of cam 1, where n the p ura ty of superabras ve partces ncudes a p ura ty of work ng
superabras ve part ¢ es, such that rotat ng the dresser aga nst a CMP pad cuts aspertes nto the CMP pad hav ng a
cutt ng depth of ess than or equa to about 50 m crons.

7. The dresser of cam 6, where n the cutt ng depth s from about 10 m crons to about 50 m crons.

8. The dresser of cam 6, where n the p ura ty of work ng superabras ve partces ncudes at east 100 work ng
superabras ve part c es.
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9. The dresser of cam 6, where n the p ura ty of work ng superabras ve part ces nc udes at east 1000 work ng
superabras ve part c es.

10. The dresser of cam 6, where n the p ura ty of work ng superabras ve part ces nc udes from about 1000 to about
6000 work ng superabras ve part c es.

11. The dresser of cam 6, where n the p ura ty of work ng superabras ve part ces nc udes from about 2000 to about
5000 work ng superabras ve part c es.

12. The dresser of cam 6, where n the p ura ty of work ng superabras ve partc es nc ude at_east about 1000
work ng superabras ve part ¢ es that protrude from the r g d support substrate to d stances w th n about 30 m crons of
one another.

13. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of from about 10 m crons to about 50 m crons.

14. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of from about 20 m crons to about 40 m crons.

15. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of ess than about 20 m crons.

16. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths
of ess than about 20 m crons when used to abrade a CMP pad.

17. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part c es produce cutt ng depths
of from about 1 m cron to about 20 m crons when used to abrade a CMP pad.

18. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths
of from about 10 m crons to about 20 m crons when used to abrade a CMP pad.

19. The dresser of cam 1, where n the des gnated prof e nc udes a conf gurat on se ected from the group cons st ng
of a p ane, a s ope, a curved shape, a dome shape, and comb nat ons thereof.

20. The dresser of cam 1, where n the p ura ty of superabras ve part c es s arranged across the support substrate n
a predeterm ned pattern.

21. The dresser of c am 20, where n the predeterm ned pattern nc udes an even d str but on of the p ura ty of
superabras ve part ¢ es spaced at a d stance of from about 100 m crons to about 800 m crons.
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a CMP pad dresser

agatnsta-CMP-pad, %heflfesser—melﬂdmg comprising: a rlgld support substrate; and a monolayer
of a plurality of superabrasive particles protruding-from-a-matrixtayer; coupled to the support

substrate, wherein each superabrasive particle in the monolayer extends away from the support
substrate to a protrusion distance, wherein a tip of each of the plurality of superabrasive particles
aligns along a designated profile with a tip variation of from about 5 microns to about 100
microns, and wherein the difference in protrusion distance between the highest protruding tip and
the second highest protruding tip of the monolayer of superabrasive particles is less than or equal
to about 40 50 microns, and the difference in protrusion distance between the highest 48 1% of
the protrudmg t1ps of the monolayer of superabrasive partlcles are w1th1n about 20 80 microns or
lesss; h es-are
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Description:

BACKGROUND OF THE INVENTION

The sem conductor ndustry currenty spends n excess ofoneb on U.S. do ars each year manufacturng s con
wafers that must exh b t very fat and smooth surfaces. Known techn ques to manufacture smooth and even-surfaced
s con wafers are p ent fu. The most common of these nvo ves the process known as Chem ca Mechan ca

Po sh ng (CMP) wh ch ncudes the use of a po shng pad n comb naton w th an abras ve s urry. Of centra
mportance na CMP processes s the atta nment of h gh performance eve s n aspects such as un form ty of

po shed wafer, smoothness of the IC crcu try, remova rate for product v ty, ongev ty of consumab es for CMP
econom cs, etc.

SUMMARY OF THE INVENTION

The present d sc osure prov des CMP pad dressers and assoc ated methods-thereef:, nc ud ng w thout m taton,
methods d rected to the manufacture and use of such dressers. In one aspect, for examp e, a CMP pad dresser can
nc ude a matrx—ayersupport substrate and a p ura ty of superabras ve part c es secured to the support substrate

w th each superabras ve part c e extend ng away from the support substrate to a protrus on d stance. The p ura ty of
superabras ve part c es can be pos t oned such that the h ghest protrud ng t p of each of the p ura ty of superabras ve
partces a gn aong a des gnated prof e wth a tp var at on of from about 5 m crons to about 100 m crons. In another
aspect, the h ghest protrud ng t p of each of the p ura ty of superabras ve part c es a _gn a ong the des gnated prof e
w th a t p var at on of from about 10 m crons to about 50 m crons. In yet another aspect, the h ghest protrud ng t p of
each of the p ura ty of superabras ve part c es a gn a ong the des gnated prof e wth a t p var at on of from about 20
m crons to about 40 m crons. In a further aspect, the h ghest protrud ng t p of each of the p ura ty of superabras ve
partces a gn aong the des gnated prof e wth atp var aton of ess than about 20 m crons. The des gnated prof e
can_nc ude any geometr ¢ conf gurat on that can be usefu n dress ng a CMP pad, and any such conf guraton s
cons dered to be w th n the present scope. Non- m t ng examp es can nc ude a p ane, a s ope, a curved shape, a
dome shape, and the ke, nc ud ng appropr ate comb nat ons thereof.

The pos t on ng of superabras ve part c es re at ve to the support substrate can a so be descr bed n terms of the
depths that the superabras ve part ¢ es cut nto a CMP pad when used to abrade the CMP pad. In one aspect, for
examp e, the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths of ess than about 20

m crons when used to abrade a CMP pad. In another aspect, the protrus ons of the p ura ty of superabras ve

part c es produce cutt ng depths of from about 1 m cron to about 20 m crons when used to abrade a CMP pad. In yet
another aspect, the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths of from about 10

m crons to about 20 m crons when used to abrade a CMP pad.

As another exemp ary aspect of the present d sc osure, a CMP pad dresser can nc ude a r g d support substrate and
a mono ayer of a p ura ty of superabras ve part c es embedded-—rcoup ed to the matrx—ayersupport substrate, where
each superabras ve partc e n the mono ayer proetrudesextends from the matrx—ayer—TFhe-support substrate to a
profrus on d stance. In one aspect, the d fference n the-protrus on d stance between the h ghest protrud ng t p and

the rextsecond h ghest protrud ng t p of the mono ayer of superabras ve part c es ean-be s ess than or equa to about
2050 m crons, and the d fference n protrus on d stance between the h ghest 1% of the protrud ng t ps of the

mono ayer of superabras ve part c es are s w th n about 80 m crons or ess.tr-one-speciec-aspect-a+ga-supperts
coup-ed-tothe-matrx-ayer.

-In another aspect the d fference n protrus on d stance between the
h ghest protrud ng t p and the second h ghest protrudng tp s ess than or equa to about 10 m crons. In yet another
aspect, the d fference n protrus on d stance between the h ghest protrud ng t p and the 48#second h ghest protrud ng
tp s essthan or equa to about 2610 m crons. In a further aspect, the d fference n protrus on d stance between the
h ghest protrud ng t p and the 10" h ghest protrud ngtp s ess than or equa to about 20 m crons. In yet another
aspect, the d fference n protrus on d stance between the h ghest protrud ng t p and the 100" h ghest protrud ngt p s
ess than or equa to about 40 m crons. ,

EX1060, Page 30



Case 1:20-cv-00247-RGA-JLH  Document 20-3  Filed 07/27/20 Page 3 of 23 PagelD
#:185

Comparison between U.S. Patent No. 8,974,270 and U.S. Patent No. 9,724,802
(New subject matter added to the ‘802 Patent is shown in red)

-ayer-on-a-s-de-oppos-te-the-frst-mene-ayer—As yet another exemp ary aspect of the present d sc osure, a CMP pad
dresser can _nc ude a r g d support substrate and a mono ayer of a p ura_ty of superabras ve part c es coup ed to the
support substrate, where the p ura ty of superabras ve part c es nc udes a p ura ty of work ng superabras ve

part c es, such that rotat ng the dresser aga nst a CMP _pad cuts aspertes nto the CMP pad hav ng a cutt ng depth of
ess than or equa to about 50 m crons. In another aspect, the cutt ng depth s from about 10 m crons to about 50

m crons. In yet another aspect, the p ura ty of work ng superabras ve part ces nc udes at east 100 work ng
superabras ve part c es. In a further aspect, the p ura ty of work ng superabras ve part ces nc udes at east 1000
work ng superabras ve part c es. In yet another aspect, the p ura ty of work ng superabras ve part c es nc udes from
about 1000 to about 6000 work ng superabras ve part c es. In another aspect, the p ura ty of work ng superabras ve
part c es _nc udes from about 2000 to about 5000 work ng superabras ve part c es. In a further aspect, the p ura ty of
work ng superabras ve part c es nc ude at east about 1000 work ng superabras ve part c es that protrude from the

r g d support substrate to d stances w th n about 30 m crons of one another.

As another exemp ary aspect of the present d sc osure, a method of dress ng a CMP pad can nc ude app y ng a CMP.
pad dresser to a CMP pad, and mov ng at_east one of the CMP pad or the CMP pad dresser w th respect to one
another to cut aspertes nto the CMP pad hav ng a cutt ng depth of from about 10 m crons to about 50 m crons.

As a further exemp ary aspect of the present d sc osure, a CMP pad dresser_s prov ded nc ud ng a support substrate
and a p ura ty of superabras ve part c es secured to the support substrate and pos t oned to engage and dress a
CMP pad, where the p ura ty of superabras ve part c es cut to depths of ess than 50 m crons nto a CMP pad dur ng
a dress ng procedure.

There has thus been out ned, rather broad y, var ous features of the nventon so that the deta ed descr pt on thereof
that fo ows may be better understood, and so that the present contr but on to the art may be better apprec ated.
Other features of the present nventon w become c earer from the fo ow ng deta ed descr pt on of the nventon,
taken w th the accompany ng ¢ a ms, or may be earned by the pract ce of the nventon.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 s aschematc s de vew of a CMP pad dresser n accordance w th an embod ment of the present
-aventond sc osure;

FIG. 2 s a schemat c s de vew of a CMP pad dresser n accordance w th an embod ment of the present
-Aventend sc osure;

FIG. 3 s aschematc s de vew of a CMP pad dresser n accordance w th an embod ment of the present
-Aventon;d sc osure; and

FIG. 4 s a schematc s de vew of a CMP pad dresser n accordance w th an embod ment of the present -Aventen;
andd sc osure.

Itw be understood that the above fgures are merey for ustrat ve purposes n further ng an understand ng of the
nvent on. Further, the f gures are not drawn to sca e, thus d mens ons, part c e s zes, and other aspects may, and
genera y are, exaggerated to make ustrat ons thereof c earer. Therefore, departure can be made from the specfc
d mens ons and aspects shown n the fgures n order to produce the heat spreaders of the present nventon.

DETAILED DESCRIPTION

Before the present nventon s d sc osed and descr bed, t s to be understood that ths nventon s not mted to the
part cu ar structures, method steps, or mater a s d sc osed here n, but s extended to equ va ents thereof as wou d be
recogn zed by those ord nar y sk ed n the re evant arts. It shou d a so be understood that term no ogy emp oyed
here n s used for the purpose of descr b ng part cu ar embod ments ony and s not ntended to be mtng.

U Mok

It must be noted that, as used n th s spec f cat on and the appended c a ms, the s ngu ar forms “a,” “an” and, “the”

nc ude p ura referents un ess the context c eary d ctates otherw se. Thus, for examp e, reference to “a d amond
partce” ncudes one or more of such part ¢ es and reference to “the ayer” nc udes reference to one or more of such
ayers.

DEFINITIONS
In descr b ng and c am ng the present nventon, the fo ow ng termnoogy w be used n accordance w th the
def n t ons set forth be ow.

As used here n, the terms “cond t oner” and “dresser” can be used nterchangeab y, and refer to a too used to
cond ton or dress a pad, such as a CMP pad.

As used here n, “superabras ve” may be used to refer to any crysta ne, or po ycrysta ne mater a, or m xture of such
mater a s wh-ehthat has a Mohr's hardness of about 8 or greater. In some aspects, the Mohr's hardness may be
about 9.5 or greater. Such-matera-s—necude-butare-net—m-ted-toln other aspects, superabras ve matera s can be
mater a s hav ng a V cker's hardness of about 4000 Kg/mm?or greater. Su tab e superabras ve mater a examp es can
nc ude, w thout m tat on, d amond, po ycrysta ne d amond (PCD), cub ¢ boron n trde (cBN), po ycrysta ne cubc
boron n tr de (PcBN), corundum and sapph re, as we as other superabras ve mater a s known to those sk ed n the
art. Superabras ve mater a s may be ncorporated nto the-present—nventenvar ous toos n a var ety of forms

ncud ng partces, grts, f ms, ayers, p eces, segments, etc. in-some-cases;-the\Wh e superabras ve mater a s of-the
present-nventon-are -n-thevery nert and thus d ff cu t to form efpe-yerysta—nechem ca bonds w th, t s known that
certa n react ve e ements, such as chrom um and ttan um are capab e of chem ca y react ng w th superabras ve
mater a s;-such-as PCB-and-PeBN-matera-s at certa n temperatures.
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As used here n, “part c e” -s-asrefers, when used here-n-n connect on w th d-amendsuperabras ve part c es,-and

refers to a part cu ate form of d-amendsuperabras ve part ¢ e. Such part c es may take a var ety of shapes, ncud ng
round, ob ong, square, euhedra, etc., can be e ther s ng e crysta or po ycrysta ne, and can have a number of mesh
s zes. As s known n the art, “mesh” refers to the number of ho es per unt area, as n the case of U.S. meshes. A
mesh s zes referred to here n are U.S. mesh un ess otherw se nd cated. Further, mesh s zes are genera y
understood to nd cate an average mesh s ze of a g ven co ecton of part c es s nce each partce wthn a partcu ar
“mesh s ze” may actua y vary over a sma d strbuton of s zes, un ess noted otherw se.

As used here n, “work ng superabras ve part c es” are superabras ve part c es that cut or otherw se deform a CMP
pad dur ng a dress ng or cond t on ng procedure. Th s act on can remove debr s from the surface, t can deform the
surface e ther e astca y or p astca vy, or t can create a groove or asper ty n the surface of the CMP pad. In one
spec f ¢ aspect, a work ng superabras ve part c e can cut deeper than about 10 m crons nto a CMP pad durng a
dress ng procedure.

As used here n, “non-work ng superabras ve part c es” are superabras ve part ces n a CMP pad dresser that do not
s gnfcanty cut or deform the pad suff c ent to remove debr s from the surface, deform the surface, or create grooves
n the surface.

As used here n, “over y-aggress ve superabras ve part c es” are superabras ve partces n a CMP pad dresser that
aggress ve y dress or cond t on a CMP pad. In one aspect, aggress ve superabras ve part c es are superabras ve
part c es that cut deeper than about 50 m crons nto a CMP pad dur ng a dress ng procedure. In another aspect,
aggress ve superabras ve part c es are superabras ve part c es that remove at_east 1 of the mater a_from the CMP.
pad. In yet another aspect, aggress ve superabras ve part c es are superabras ve part ¢ es that remove at east %2 of
the mater a_from the CMP pad.

As used here n, “work ng end” refers to an end of a part c e that_s or ented towards the CMP pad and that durng a
dress ng operat on makes contact w th the pad. In many cases the work ng end of a partce w be d sta from a
substrate to wh ch the part c e s attached.

As used here n, cutt ng “t p” refers to a port on of a cutt ng e ement or part c e that protrudes the greatest d stance
from the support substrate, e.qg., that s the frst port on of the cutt ng e ement that contacts a CMP pad when n use. It
s to be understood that a cutt ng “t p” can _nc ude a p anar surface, a po nted surface, or an edge; so _ong as the

p anar surface, po nted surface or edge of the cutt ng e ement s the frst port on of the cutt ng e ement that contacts a
CMP pad from wh ch matera s to be removed.

As used here n, “sharp port on” meansrefers to any narrow port on to wh ch a crysta or part c e may eemeconverge,
nc ud ng but not m ted to corners, apexes, r dges, edges, obe sks, and other protrus ons. In some cases, corners
and/or apexes are formed at the convergence of more than two faces of the part c e or crysta, or other body,

d sposed n ntersect ng p anes. In other aspects, edges and/or r dges may be formed at the convergence of two or at
east two faces of the part c e or crysta, or other body, d sposed n ntersect ng p anes. In some aspects, “sharp
porton” can ncude a porton that s broken, ch pped, cracked, jagged, and the ke. In some aspects, degrees of
sharpness can be corre ated w th the geometr c ang e formed by the part c e, crysta, or other body, at the ocaton n
quest on. In some aspects, an ang e of 90 degrees or ess can be cons dered sharp. In other aspects, an ang e of 60
degrees or ess can be cons dered sharp. In yet other aspects, and ang e of 45 degrees or ess, or 30 degrees or ess
can be cons dered to be sharp.

As used here n, cutt ng “edge” refers to a port on of a cutt ng e ement or part ¢ e that nc udes some measurab e w dth
across a port on that contacts and removes mater a from a workp ece. As an exemp ary _ustrat on, a typ ca kn fe

b ade has a cutt ng edge that extends ong tud na y a ong the kn fe b ade, and the kn fe b ade wou d have to be

or ented transverse y to a workp ece to scrape or p ane mater a_from the workp ece n order for the cutt ng “edge” of
the kn fe b ade to remove mater a from the workp ece.
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As used here n, “per phera y ocated,” “per phera ocaton”,” and the ke, meanrefer to any part c e or other cutt ng

e ement of a dresser that s ocated n an area that or g nates at the ead ng edge or outer r m of a dresser and
extends nward y towards the center for up to about 90% of the rad us of the dresser. In some aspects, the area may
extend nward y from about 20% to 90% of the rad us. In other aspects, the area may extend n to about 50% of the
rad us. In yet another aspect, the area may extend n to about 33% of the rad us of a dresser ( .e. 66% away from the
center).

As used here n, “centra y ocated partce,” “partce n a centra ocaton,” and the ke refer to any part c e or other

cutt ng e ement of a too that s ocated n an area of the too that or g nates at a center po nt of the too_and extends
outward y towards the too's edge for up to about 90% of the rad us of the too . In some aspects, the area may extend
outward y from about 20% to about 90% of the rad us. In other aspects, the area may extend out to about 50% of the
rad us. In yet another aspect, the area may extend out to about 33% of the rad us of a too .

As used here n, “att tude” meansrefers to the pos t on or arrangement of a superabras ve partce nreatontoa

def ned surface, such as a substrate to wh ch t s attached, or a CMP pad to wh ch t s to be app ed dur ng a work
operat on. For examp e, a superabras ve part ¢ e can have an att tude that prov des a spec f ¢ port on of the partce n
or entat on toward a CMP pad.

As used here n, “ ead ng edge” refers to the edge of a CMP pad dresser that s a fronta_edge based on the d rect on
that the CMP pad s mov ng, or the d rect on that the pad s mov ng, or both. Notab y, n some aspects, the ead ng
edge may be cons dered to encompass not on y the area specfca y at the edge of a dresser, but may a so_nc ude
port ons of the dresser wh ch extend s ghty nward from the actua edge. In one aspect, the ead ng edge may be
ocated a ong an outer edge of the CMP pad dresser. In another aspect, the CMP pad dresser may be conf gured

w th a pattern of abras ve part c es that prov des at _east one effect ve_ead ng edge on a centra_or _nner port on of the
CMP pad dresser work ng surface. In other words, a centra_or _nner port on of the dresser may be conf gured to

prov de a funct ona_effect s m ar to that of a_ead ng edge on the outer edge of the dresser.

As used here n, the term “prof e” and “geometr ¢ prof €” can be used nterchangeab y, and refer to a predeterm ned
contour above a support substrate to wh ch a p ura ty of superabras ve part c es or other cutt ng e ements are
ntended to a gn. Examp es of such prof es may nc ude, w thout m tat on, fat or p anar prof es, curved prof es,
wavy prof es, convex prof es, concave prof es, mut-t ered prof es, and the ke, nc ud ng comb nat ons thereof.

As used here n, “geometr ¢ conf gurat on” refers to a shape that s capab e of be ng descr bed n read y understood
and recogn zed mathemat ca terms. Examp es of shapes qua fy ng as “geometr ¢ conf gurat ons” nc ude, w thout

m tat on, cub ¢ shapes, po yhedra ( ncud ng regu ar po yhedra ) shapes, tr angu ar shapes ( nc ud ng equ_atera
trang es, sosce es tr ang es and three-d mens ona_tr angu ar shapes), pyram da_shapes, spheres, rectang es, “p e”
shapes, wedge shapes, octagona shapes, crc es, etc.

aspect, dress ng seqments are ut_zed to carrv superabras ve part c es hav ng eve ed tps. Thus n some cases
superabras ve part ¢ es can be ntroduced nto a CMP pad dresser by the ncorporat on of mutp e dress ng
segments. It shou d be noted that a var ety of techn ques of attach ng the dress ng segments to the substrates, and a
var ety of techn ques of attach ng the superabras ve part c es to the dress ng segments, are possb e, a_of wh ch are
cons dered to be w th n the present scope. It s to be understood that a of these var ous attachment mechan sms can
be used nterchangeaby here n: that s, f a method of attach ng a dress ng segment to a substrate s d scussed

here n, the method of attachment d scussed can a so be used to attach superabras ve partces to a dress ng

As used here n, “cutt ng e ement” descr bes a var ety of structures capab e of remov ng (e.g., cutt ng) matera from a
CMP pad. A cutt ng e ement can be a mass hav ng severa cutt ng po nts, r dges or mesas formed thereon or there n.
It s notab e that such cutt ng po nts, r dges or mesas may be from a mutp cty of protrus ons or aspertes ncuded n
the mass. Furthermore, a cutt ng e ement can a so refer an _nd v dua part c e that may have on y one cutt ng po nt,

r dge or mesa formed thereon or there n.
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As used here n, “mechan ca bond” and “mechan ca bond ng” may be used nterchangeab y, and refer to a bond

nterface between two ob ects or _ayers formed prmar _y by fr ct ona_forces. In some cases the fr ct ona forces
between the bonded ob ects may be ncreased by expand ng the contact ng surface areas between the ob ects, and
by mpos ng other spec f c geometr ca_and phys ca conf gurat ons, such as substant a y surround ng one ob ect w th
another.

As used here n, “s nter ng” refers to the jo n ng of two or more nd v dua part c es to form a cont nuous so d mass.
The process of s nter ng nvo ves the conso dat on of partc es to at east parta y e m nate vo ds between part c es.

S nter ng may occur_n e ther meta or carbonaceous part c es, such as d amond. S nter ng of meta part c es occurs at
var ous temperatures depend ng on the compos t on of the mater a. S nter ng of d amond part c es genera y requ res
u trah gh pressures and the presence of a carbon so vent as a d amond s nter ng a d. S nter ng a ds are often present
to ad n the s nter ng process and a port on of such may reman _n the fna product.

The term “meta c” refers to both meta s and meta o ds. Metas nc ude those compounds typ ca y cons dered meta s
found wth n the transton meta s, aka and aka earth metas. Examp es of meta s are Ag, Au, Cu, A, and Fe.

Meta ods ncude specfca y S, B, Ge, Sb, As, and Te. Meta c materas aso ncude a oys or m xtures that nc ude
meta ¢ materas. Such a oys or m xtures may further nc ude add tona add tves. In the present nvent on, carb de
formers and carbon wett ng agents may be nc uded as a oys or m xtures, but are not ant ¢ pated to be the ony

meta ¢ component. Examp es of such carb de formers are Sc, Y, T, Zr, Hf, V, Nb, Cr, Mo, Mn, Ta, W, and Tc.
Examp es of carbon wett ng agents are Co, N, Mn, and Cr.

As used here n, “ nf trat ng” refers to a s tuat on where a matera s heated to ts me t ng po nt and then fows as a
qu d through the nterstta vo ds between part c es.

As used here n, the terms “substrate” and “support substrate” can be used nterchangeab y, and refer a port on of a
pad cond t oner that supports superabras ve mater a s, and to wh ch abras ve mater a s and/or superabras ve
segments that carry abras ve mater a s may be aff xed. Substrates can have a var ety of shapes, th cknesses, and/or
mater a s that are capab e of support ng abras ve materas n a manner that s suff c ent to provde a CMP pad
dresser usefu for ts ntended purpose. Substrates may be of a so d mater a, a powdered mater a_that becomes
so_d when processed, or a fex b e mater a. Examp es of typ ca substrate mater as nc ude w thout m taton, meta s,
meta a oys, ceram cs, re at ve y hard po ymers or other organ ¢c mater a s, g asses, and m xtures thereof. Further, the
substrate may nc ude a mater a that ads n attach ng abras ve mater a s to the substrate, nc ud ng, w thout

m tat on, braz ng a oy matera, s nterng ads and the ke.

As used here n, the term “substant a y” refers to the comp ete or near y comp ete extent or degree of an act on,
character st ¢, property, state, structure, tem, or resu t. For examp e, an object that s “substanta y” enc osed wou d
mean that the object s e ther comp ete y enc osed or neary comp ete y enc osed. The exact a owab e degree of
dev at on from abso ute comp eteness may n some cases depend on the spec f ¢ context. However, genera y
speak ng the nearness of comp eton w be so as to have the same overa resutas fabso ute and tota comp eton
were obta ned.

The use of “substanta y” s equa y app cab e when used n a negat ve connotat on to refer to the comp ete or near
comp ete ack of an act on, character st ¢, property, state, structure, tem, or resu t. For examp e, a compos ton that s
“substant a y free of” part c es wou d e ther comp ete y ack part c es, or so neary comp etey ack part c es that the
effect wou d be the same as f t comp etey acked part c es. In other words, a compos ton that s “substanta y free
of” an ngred ent or e ement may st actua y contan such tem as ong as there s no measurab e effect thereof.

As used here n, the term “about” s used to provde fexb ty to a numer ca range endpo nt by prov d ng that a g ven
vaue may be “a tte above” or “a tte be ow” the endpo nt. However, t s to be understood that even when the term
“about” s used n the present spec fcaton n connecton w th a specfc numer ca va ue, that support for the exact
numer ca va ue rec ted apart from the “about” term no ogy s a so prov ded.
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In th s d sc osure, “compr ses,” “compr s ng,” “conta n ng” and “hav ng” and the ke can have the mean ng ascr bed to
them n U.S. Patent aw and can mean “nc udes,” “nc ud ng,” and the ke, and are genera y nterpreted to be open
ended terms. The terms “cons st ng of” or “cons sts of” are ¢ osed terms, and nc ude on y the components,
structures, steps, or the ke specfca y sted n conuncton w th such terms, as we as that wh ch s n accordance
w th U.S. Patent aw. “Cons st ng essent a y of” or “cons sts essent a y of” have the mean ng genera y ascr bed to
them by U.S. Patent aw. In part cu ar, such terms are genera y c osed terms, w th the except on of a ow ng nc us on
of add tona tems, mater a s, components, steps, or e ements, that do not mater a vy affect the bas ¢ and nove
character st cs or funct on of the tem(s) used n connect on therew th. For examp e, trace e ements present n a
compos t on, but not affect ng the compos t ons nature or character st cs wou d be perm ss b e f present under the
“‘cons st ng essent a y of” anguage, even though not express y rected n a st of tems fo ow ng such term no ogy.
When us ng an open ended term, ke “comprs ng” or “ncud ng,” t s understood that d rect support shou d be
afforded a so to “cons st ng essenta y of” anguage as we _as “cons st ng of” _anguage as f stated exp cty and vce
versa.

As used heren, a p ura ty of tems, structura e ements, compos tona e ements, and/or mater a s may be presented
n a common st for conven ence. However, these sts shou d be construed as though each member of the st s
ndvdua y dentfed as a separate and un que member. Thus, no nd vdua member of such st shoud be construed
as a de facto equ va ent of any other member of the same st so e y based on the r presentat on n a common group
w thout nd cat ons to the contrary.

Concentrat ons, amounts, and other numer ca data may be expressed or presented here n n a range format. It s to
be understood that such a range format s used mere y for conven ence and brev ty and thus shou d be nterpreted
fexbyto ncude not ony the numerca vaues exp ctyrected as the mts of the range, but aso to ncude a the
nd vdua numer ca va ues or sub-ranges encompassed w th n that range as f each numer ca va ue and sub-range
sexp ctyrected. As an ustraton, a numerca range of “about 1 to about 5” shou d be nterpreted to nc ude not
ony the exp cty rected va ues of about 1 to about 5, but aso ncude ndvdua vaues and sub-ranges w th n the

nd cated range. Thus, ncuded nth s numerca range are nd v dua vaues such as 2, 3, and 4 and sub-ranges such
as from 1-3, from 2-4, and from 3-5, etc., aswe as 1,2, 3,4,and 5, ndvdua y. Ths same prncpe app es to
ranges rec t ng on'y one numer ca va ue as a mn mum or a max mum. Furthermore, such an nterpretat on shoud
app y regard ess of the breadth of the range or the character st cs be ng descr bed.

The Inventon

The present d sc osure genera y prov des CMP pad dressers-and, methods assoc ated metheds-that-can-beut—=zed
-aw th pad cond ton ng (e.g., smooth ng, po sh ng, dress ng}-a), and the CMP pad-po_sh ng of a work p ece. Pad
cond t oners accord ng to aspects of the present -Avent-end sc osure can be advantageous y ut zed, for exampe, n
dress ng CMP pads that are used n po sh ng, fn sh ng or otherw se affect ng sem conductor materas. Specfca vy,
n some aspects the present d sc osure concerns CMP pad dressers hav ng superabras ve part c es w th substanta y
eve ed t ps. In other aspects, the present CMP pad dressers can have superabras ve part c es that are a gned
across a des gnated prof e, and as such, are “eve ed” w th respect to that prof e. Tradtona CMP pad dresser
manufactur ng methods, even many of those descr b ng techn ques for eve ng superabras ve partce tps pror to
fxaton, genera y conta n s gnfcant varaton ntp he ght across the surface of the dresser- that s not accounted for
by an ntended tp a gnment prof e. Often, the superabras ve part c es are aff xed to the CMP pad dresser support n
a manner that d srupts any eve ng that has occurred. For examp e, f xat on techn ques that ut ze h gh heat and/or
pressure can cause warp ng of the dresser support as the dresser coo s. Thus, un ess steps are taken to avo d such
warpage, superabras ve part c es are not ma ntaned n ther eve ed state fo ow ng coo ng of the dresser. Th s can
be part cu ar y prob emat ¢ w th braz ng techn ques.

A CMP pad dresser can be used to dress or cond t on a CMP pad by remov ng d rt and debr s (.e. deg az ng the

pad), as we as open ng up asper tes n the pad surface to capture and ho d chem ca s urry durng a po shng
procedure. As has been descr bed, due to d ff cu t es assoc ated w th superabras ve partce eve ng n many

trad t ona_manufactur ng processes, ony a sma_percentage of superabras ve partces n atyp ca CMP pad dresser
are pos t oned so as to penetrate or cut nto a CMP pad. As th s sma_percentage of superabras ve part c es become
worn, p ast ¢ deformat on of the CMP pad becomes arge re at ve to the amount of CMP of pad that s cut.
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Consequent y, the pad becomes h gh y deformed and accumu ated w th d rt. As a resu t the po_sh ng rate of the CMP
pad dec nes, and the scratch rate of the wafer or work p ece ncreases.

CMP pads are typ ca y made of a re at ve y soft po ymer, such as, for examp e, po yurethane. As the CMP pad s
engaged by the CMP pad dresser, the po ymer mater a s deformed frst by e ast ¢ stra n and then by p ast ¢ stran.
Eventua vy, the stra n energy n the deformed mater a_exceeds the bond energy dens ty (.e. the hardness of the pad)
and the po ymer mater a_ruptures. Thus, the funct on of superabras ve part c es n the CMP pad dresser_s to dress
the CMP pad mater a by break ng po ymer ¢ bonds through th s deformat on process. It shou d be noted that sharp
superabras ve part c e t ps can penetrate the CMP pad mater a w thout caus ng excess ve deformat on. As such, the
sharpness of a superabras ve part ¢c e can be def ned as be ng nverse to the deformed vo ume pr or to rupture. In
other words, the sma_er the vo ume of deformat on pr or to cutt ng, the sharper the cutt ng t p. Th s deformat on
nformat on can be used to determ ne the sharpness of superabras ve part c es n the CMP pad dresser.

Add tona vy, a superabras ve partce havng a tp wth sma ertp rad us, such as wou d be the case w th a broken
corner, can cut more ¢ eany through the CMP pad w th ess deformat on as compared to a superabras ve partce
hav ng a arger t p rad us. Consequenty, an rregu ary shaped superabras ve part c e t p can be sharper than a
euhedra _superabras ve corner hav ng an obtuse ang e re at ve to the CMP pad. Th s a so app _es to the d fference
between a superabras ve part c e corner as compared w th a superabras ve part c e face.

It s thus noted that sharp superabras ve part c e t ps can cut CMP pad mater as w th _ess deformat on and mater a
stran. Converse y, a du_superabras ve part c e may deform but not cut the CMP pad mater a _because the stran
energy does not exceed the bond energy dens ty of the po ymer ¢ mater a . As the t ps of such part c es are worn, the
contact area between the po ymer ¢c mater a_and the partces ncrease. Th's ncrease n contact area resuts n an
ncrease n the deformat on vo ume of the pad. Due to the ncreased stra n energy requ red for the po ymer ¢ mater a
to rupture w th such an _ncreased deformat on vo ume, the number of superabras ve part c es cutt ng the po ymer c
matera w__decrease n re at on to the degree of du _ng dur ng a CMP process.

CMP pad dress ng can a so be affected by the proport on of superabras ve part c es n the CMP pad dresser that are
work ng and the proport on that are over y-aggress ve y cutt ng. As an examp e, a typ ca CMP pad dresser can have
greater than 10,000 superabras ve part c es. Of these 10,000 part c es, n some cases there may ony be a few

work ng superabras ve part ¢ es that are actua y ab e to cut the CMP pad. Add t ona v, out of these few work ng
superabras ve part c es, there may be a sma_er proport on of over y-aggress ve superabras ve part ¢ es that cut over
50% of the ent re pad that s consumed dur ng cond t on ng, and n some cases can remove more that 25% of the
tota pad matera. Th s uneven work oad d str but on can cause errat c CMP performance, and can resut n over
consumpt on of the CMP pad, ch pp ng of the over y-aggress ve superabras ve part c es that can scratch the wafer,
unpred ctab e wafer remova rates, uneven wafer surface p anar zat on, shortened CMP pad dresser fe, compact on
of the CMP pad w th debr s, and the ke. Such effects can greaty ower the y e d of wafers or work p eces processed
under these cond t ons. A more effect ve norma_zat on of work oad d str but on across the surface of the CMP pad
dresser can_ead to a more un form y deg azed pad and more un form pad aspertes.

The present CMP pad dressers ncude a ayer of superabras ve part c es hav ng substanta y eve ed t ps across the
work ng surface of the f n shed CMP pad dresser. A var ety of techn ques can be ut zedtomantantp eve ng, and
any such techn que s cons dered to be w th n the present scope. A few non- mt ng examp es of such techn ques are
descr bed be ow. It s ntended that the term “ eve ng” w th respect to superabras ve part ¢ es can refer to

superabras ve part c es that are_eve ed w th respect to a p anar prof e, as we as to superabras ve part c es that are
a_gned aong a des gnated prof e that s non-p anar. In the atter case, “eve ng” wou d thus descr be the a_ gnment
of the superabras ve part ¢ es a ong the des gnated prof e. So n the case of a prof e hav ng a dome-shape, eve ed
superabras ve part c es wou d be part c es that were n a gnment w th the prof e.

Furthermore, superabras ve t p a gnment can add t ona_y be descr bed n terms of he ght d str but on, or n some
cases protrus on d stance from the support substrate that s represented by a he ght d str but on across the p ura ty of
superabras ve part c es. An even he ght d str but on of superabras ve part c es may funct on to more effect ve y
preserve the ntegr ty of the CMP pad dresser as compared to CMP pad dressers ack ng such an even he ght
dstrbuton. Sm ary, a p ura ty of superabras ve part c es can be descr bed as extend ng away from a support
substrate to a predeterm ned he ght, represented by a protrus on d stance from the substrate, where the

predeterm ned he ghts of the partces a gn a ong a des gnated prof e. Thus, the actua d str but on of protrus on

d stances across the p ura ty of superabras ve partc es n a fn shed dresser can be compared aga nst the

des gnated prof e to determ ne the var ance, or degree of “ eve ng” ach eved.

In one aspect, as—s-shownn-FIGfor examp e, a CMP pad dresser_s provded ncud ng a support substrate and a

p ura ty of superabras ve part c es secured to the support substrate, w th each superabras ve part c e extend ng away
from the support substrate to a protrus on d stance, where the h ghest protrud ng t p of each of the p ura ty of
superabras ve part ces a gn aong a des gnated prof e. Wh e t s ntended that the t ps of the superabras ve
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partces a gn aong the des gnated prof e, some eve of dev at on may occur. These dev at ons may be a resu t of
the des gn or manufactur ng process of the too . G ven the w de var ety of s zes of superabras ve part ¢ es that may
potenta y be ut zed nagven too, such dev atons may be h ghy dependent on a part cu ar app caton. A so, when
referr ng to the des gnated prof e, t shou d be noted that the term “t p” s ntended to _nc ude the h ghest protrud ng
po nt of a superabras ve part ¢ e, whether that po nt be an apex, an edge, or a face.

As such, n one aspect the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the

des gnated prof e by from about 1-a-EMP-pad-dresser_m cron to about 150 m crons. In another aspect, the p ura ty
of superabras ve part ¢ es are arranged such that the r t ps vary from the des gnated prof e by from about 5 m crons
to about 100 m crons. In yet another aspect, the p ura ty of superabras ve part ¢ es are arranged such that ther t ps
vary from the des gnated prof e by from about 10-re-udes-a- m crons to about 75 m crons. In a further aspect, the

p ura ty of superabras ve part c es are arranged such that the r t ps vary from the des gnated prof e by from about 10
m crons to about 50 m crons. In another aspect, the p ura ty of superabras ve part c es are arranged such that the r

t ps vary from the des gnated prof e by from about 50 m crons to about 150 m crons. In yet another aspect, the

p ura_ty of superabras ve part c es are arranged such that the r t ps vary from the des gnated prof e by from about 20
m crons to about 100 m crons. In a further aspect, the p ura ty of superabras ve part c es are arranged such that the r
t ps vary from the des gnated prof e by from about 20 m crons to about 50 m crons. In another aspect, the p ura ty of
superabras ve part ¢ es are arranged such that the r t ps vary from the des gnated prof e by from about 20 m crons to
about 40 m crons. Add tona y, n one aspect, the p ura ty of superabras ve part c es are arranged such that ther t ps
vary from the des gnated prof e by ess than about 20 m crons. In another aspect the p ura ty of superabras ve

part c es are arranged such that the r t ps vary from the des gnated prof e by ess than about 10 m crons. In yet
another aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the des gnated

prof e by ess than about 5 m crons. In yet another aspect, the p ura ty of superabras ve part c es are arranged such
that the r t ps vary from the des gnated prof e by ess than about 1 m cron. In a further aspect, a ma or ty of the

p ura ty of superabras ve part c es are arranges such that the r t ps vary from the des gnated prof e to _ess than about
10% of the average s ze of the superabras ve part c es.

In another aspect, each of the p ura ty of superabras ve part c es can be def ned by a protrus on d stance from an
exposed surface of a b nd ng mater a_from wh ch they protrude to a predeterm ned he ght. Though the predeterm ned
he ght may vary between too _app cat ons, n one aspect the predeterm ned he ght may be greater than about 20

m crons. In another aspect the var at on from the predeterm ned he ght may be from about 1 m cron to about 20

m crons. In yet another aspect the var at on from the predeterm ned he ght may be from about 5 m crons to about 20
m crons. In a further aspect the var at on from the predeterm ned he ght may be from about 10 m crons to about 20

m crons. Superabras ve part c es may a so be arranged w th respect to arrangement or d str but on, att tude, s ze, etc.
Furthermore, the d str but on of protrus on of the p ura ty of superabras ve partc es s ref ected n the depth that the
partc es cut nto a CMP pad.

As such, n one spec f ¢ aspect the predeterm ned he ght or protrus on d stance may produce a cutt ng depth of ess
than about 20 m crons when used to dress a CMP pad. In another spec f ¢ aspect, the predeterm ned he ght or
protrus on d stance may produce a cutt ng depth of from about 1 m cron to about 20 m crons when used to dress a
CMP pad. In yet another spec f ¢ aspect, the predeterm ned he ght or protrus on d stance may produce a cutt ng
depth of from about 10 m cron to about 20 m crons when used to dress a CMP pad. It shou d a so be noted that the
eve ng of superabras ve part c es to a predeterm ned he ght may be dependent on superabras ve part c e spac ng. In
other words, the farther superabras ve part c es are separated, the more the mp ng ng forces w__affect each
superabras ve part c e. As such, patterns w th _ncreased spac ng between the superabras ve part c es may benef t
from a sma _er var at on from predeterm ned he ght.

In one spec fc examp e, a p ura ty of cutt ng e ements such as superabras ve part c es can protrude to a

predeterm ned he ght above a b nd ng mater a such as, for examp e, a so dfed organ c matera ayer. Though any
predeterm ned he ght that wou d be usefu n an abrad ng or cutt ng too wou d be cons dered to be w th n the
presenty ¢ a med scope, n one spec f ¢ aspect the predeterm ned he ght may produce a cutt ng depth of ess than
about 20 m crons when used to abrade a workp ece. In another spec f ¢ aspect, the predeterm ned he ght may
produce a cutt ng depth of from about 1 m cron to about 20 m crons when used to abrade a workp ece. In yet another
spec f ¢ aspect, the predeterm ned he ght may produce a cutt ng depth of from about 10 m cron to about 20 m crons
when used to abrade a workp ece. In yet another aspect, the predeterm ned he ght may produce a depth of up to or
more than 50 or 100 m crons.

As a further examp e, t may a so be benef c a for the cutt ng e ements to protrude from the b nd ng mater a, for
examp e, so dfed organ c matera_ayer to a predeterm ned he ght or ser es of he ghts that_s/are a ong a des gnated
prof e. Numerous conf gurat ons for des gnated prof es are poss b e, depend ng on the part cu ar use of the abrad ng
too . In one aspect, the des gnated prof e may be a p ane. In p anar prof es, the h ghest protrud ng po nts of the
cutt ng e ements are ntended to be substanta y eve. It s mportant to po nt out that, though t s preferred that these
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po nts a_gn w th the des gnated prof e, there may be some he ght dev at on between cutt ng e ements that occur due
to _mtatons nherent n the manufactur ng process.

In add t on to p anar prof es, n another aspect the des gnated prof e has a s ope. Too s hav ng s op ng surfaces may
funct on to more even y spread the fr ct ona forces mp ng ng thereon across the cutt ng e ements, part cu ary for
rotat ng too s such as d sk sanders and CMP pad dressers. The greater downward force app ed by h gher centra
port ons of the too _may offset the h gher rotat ona_ve oc ty at the per phery, thus reduc ng the mechan ca_stress
exper enced by cutt ng e ements n that ocat on. As such, the s ope may be cont nuous from a centra _po nt of the too
to a per phera po nt, or the s ope may be d scont nuous, and thus be present on ony a porton of the too.Sm ary, a
gven too may have asnge sope or mutpe sopes. In certa n aspects, the too may s ope n a drecton from a
centra_po nt to a per phera po nt, or t may s ope from a per phera po nt to a centra_po nt.

Var ous s opes are contemp ated that may prov de a beneft to so d fed organ ¢ matera _ayer too s. It s not ntended
that the ¢c a ms of the present nventon be m ted as to specfc s opes, as a var ety of s opes n numerous d fferent
too s are poss b e. In one aspect, however, a CMP pad dresser may beneft from an average s ope of 1/1000 from the
center to the per phery.

As a varaton on too s hav ng a s ope, n certa n aspects the des gnated prof e may have a curved shape. One

spec f ¢ examp e of a curved shape s a dome shape too . Such curved prof es functon n a s m ar manner to the
s oped surfaces. Too s may nc ude such curved prof es n order to more effect ve y d str bute the fr ct ona forces
between a_of the cutt ng e ements, thus reduc ng fa_ures of nd vdua partces and pro ong ng the fe of the too .

Furthermore, n some aspects the determ nat on of the d stance that the t ps of the cutt ng e ements extend from a

b nder mater a, such as an organ ¢ b nder, can a so be affected by cons der ng how much of the cutt ng e ements
extend above the b nder compared to how much of the cutt ng e ements rema n submerged beneath the b nder
surface. In one aspect, a rat o of an amount the cutt ng e ements protrude above the b nder to an amount submerged
beneath the b nder s about 4 to 1. In another aspect, about % of the cutt ng e ements are submerged, w th about 4
be ng exposed above the b nder. Other rat os are a so poss b e, from a 20 to 1 rat o to about 0.2 to 1, nc us ve of
ranges therebetween.

As a non- mtng examp e, n one aspect a CMP pad dresser can_nc ude a support substrate, such as a r g d support
substrate, and a mono ayer of a p ura ty of superabras ve part c es

superabras-ve-partec-e—n-the-mone-ayer_coup ed to the support substrate, where the p ura ty of superabras ve
partces ncudes a p ura ty of work ng superabras ve part c es. In use the dresser can be engaged aga nst a CMP
pad and cut aspertes nto the CMP pad hav ng a cutt ng depth of ess than or equa_to about 50 m crons. In another
aspect, the cutt ng depth s from about 10 m crons to about 50 m crons. Add tona y, n one aspect the p ura ty of
work ng superabras ve part c es nc udes at east 100 work ng superabras ve part c es, at east 300 work ng
superabras ve part c es, or at_east 500 work ng superabras ve part c es. In another aspect, the p ura ty of work ng
superabras ve part ces nc udes at east 1000 work ng superabras ve part c es. In yet another aspect, the p ura ty of
work ng superabras ve part c es nc udes from about 1000 to about 6000 work ng superabras ve part c es. In a further
aspect, the p ura ty of work ng superabras ve part c es nc udes from about 2000 to about 5000 work ng

superabras ve part c es. In yet another aspect, the p ura ty of work ng superabras ve part c es nc ude at east about
1000 work ng superabras ve part ¢ es that protrude from the r g d support substrate to d stances w th n about 30

m crons of one another.

It s noted that, n some cases, the number of work ng superabras ve part c es can be determ ned by observ ng edge
or t p wear after use n a dress ng operat on. As such, n one aspect a CMP pad dresser can have greater than about
300 superabras ve part c es w th worn t ps or edges fo ow ng a CMP pad dress ng procedure. In another aspect, a
CMP pad dresser can have greater than about 500 superabras ve part c es w th worn t ps or edges fo ow ng a CMP
pad dress ng procedure. In a further aspect, a CMP pad dresser can have greater than about 1000 superabras ve
part c es w th worn t ps or edges fo ow ng a CMP pad dress ng procedure.

In one examp e, superabras ve part c e t ps can be descr bed n terms of the d stance that each superabras ve partce
protrudes from the b nd ng mater a, or matr x ayer. The d fference n protrus on d stance-16- between the h ghest
protrud ng t p-47-_and the next h ghest protrud ng t p-48- of the mono ayer of superabras ve partces s -essthan-or
-descr bed as the protrus on d fference-may. In one aspect, the protrus on
d fference can be ess than or equa to about 50 m crons. In another aspect, the protrus on d fference can be ess
than or equa to about 20 m crons. In a further aspect, the protrus on d fference can be ess than or equa to about 10
m crons. It s noted that the term “protrus on d fference” can a so be used to descr be the d fference n protrus on
d stance between any two or more superabras ve part c es.

In another aspect, and n add t on to the protrus on d fference between the h ghest two protrud ng t ps, the d fference
n protrus on d stance between the h ghest 10 protrud ng t ps of the mono ayer of superabras ve partc es are wthn
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about 30 m crons or_ess. In yet another aspect, the d fference n protrus on d stance between the h ghest 10
protrud ng t ps of the mono ayer of superabras ve part ¢ es are w th n about 20 m crons or_ess.

Add tona y, n some aspects the d fference n protrus on d stance between the h ghest 1% of the protrud ng t ps of
the frst mono ayer of superabras ve part ces arecan be wth n about 80 m crons or ess.

m_QI'_O_DS_:FhHSFOI’ examQ e, the two h ghest protrud ng superabras ve partce tps protrude to wthn about 291 0
m crons or ess of each other and n add ton, the h ghest protrud ng 1% of superabras ve part c e t ps protrude to

wthn about 80 m crons or ess of each other trkanethepaspeekthed—ﬁerenee—n—pretruseed—stanee—betweerkthe

equa—teabeuuémerens—ln yet another aspect the d fference n protrus on d stance between the h ghest pretrud—ng

N 1% of the protrud ng tps of the
#rstmono ayer of superabras ve part cesarew th n about 1960 m crons or ess. In yet another aspect, the d fference
n protrus on d stance between the h ghest 1% of the protrud ng t ps of the #rstmono ayer of superabras ve partces
are w th n about 56-A &

It s noted that the rec ted protrus on d stances can nc ude a d str but on across the ent re mono ayer surface or a
d screte area or segment of the mono ayer. For examp e, the h ghest 1% of protrud ng t ps can be ocated around the
per phery of the mono ayer. In one aspect, for examp e, substanta y a of the aspertes are cut n the CMP pad by

superabras ve part c es ocated at a per phera ocat on of the dresser. In another aspect, the per phera ocat on
extends from an outer edge of the dresser _nward y toward a center po nt of the dresser for up to about 90% of the
dresser rad us. In yet another aspect, the per phera ocat on extends from an outer edge of the dresser nward y
toward a center po nt of the dresser for up to about 50% of the dresser rad us. In a further aspect, the per phera
ocat on extends from an outer edge of the dresser nward y toward a center po nt of the dresser for up to about 33%
of the dresser rad us. Add tona y, n some aspects, substanta y a of the superabras ve part c es are ocated at a
per phera ocat on of the dresser. In other aspects, substanta y a of the superabras ve part c es are arranged n
un form predeterm ned pattern at a per phera ocat on of the dresser.

In another examp e, d screte reg ons of eve ed superabras ve partc e t ps can be ocated wth n a arger area of
superabras ve part c es hav ng a ower protrus on d stance than the eve ed porton. It s a so contemp ated that the
mono ayer can nc ude mu t p e reg ons or segments of superabras ve part c es that are eve ed as descrbed, wthn a
arger area of superabras ve part c es hav ng a ower protrus on d stance.

VaroeusThus, the re at ve_eve ng of the mono ayer of superabras ve part c es can great y affect the morpho ogy and
d str but on of aspert es cut nto the CMP pad by the dresser. For examp e, n one aspect, the mono ayer s eve ed
such that rotat ng the dresser aga nst the CMP cuts asper t es hav ng a max mum cutt ng depth of about 80 m crons.
In another aspect, the mono ayer s eve ed such that rotat ng the dresser aga nst the CMP cuts asper t es hav ng a
max mum cutt ng depth of about 60 m crons. In yet another aspect, the mono ayer s eve ed such that rotat ng the
dresser aga nst the CMP cuts asper t es hav ng a max mum cutt ng depth of about 40 m crons. By form ng po nted
asper t es, the contact pressure between the work p ece and the CMP pad s ncreased, thus mprov ng the po sh ng
character st cs of the pad. As these po nted reg ons beg n to f atten, the contact pressure beg ns to decrease, and

s urry ocated therebetween s ess effect ve y pressed aga nst the work p ece. In some aspects t can be benefca for
the contact area between the pad and the wafer to be ess than or equa_to about 1% of the tota wafer surface area
fac ng the pad. In other aspects, t can be benefc a for the contact area between the pad and the wafer to be ess
than or equa to about 0.1% of the tota wafer surface area fac ng the pad. Ths sma_contact area_s due to the wafer
be ng perched on the contact po nts of the asper t es. Dur ng the po sh ng process, the sharp t ps of the asper tes
become worn, thus ncreas ng the contact area and decreas ng the contact pressure to a po nt whereby the s urry
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abras ves do not effect ve y abrade the wafer. At th s po nt the remova rate of mater a from the wafer drops, and the
pad needs to be redressed to resharpen the asper t es.

Add tona vy, the oad p aced on the CMP pad by the dresser can affect the morpho ogy of the spacers, such as, n
some cases, the asper ty depth. The oad can be ad usted for a g ven dresser to ad ust penetrat on depth. In one
aspect, for examp e, the oad can be from about 0.1 Kg to about 60 Kg. In other aspects, the oad can be from about
2 Kg to about 20 Kg. In further aspects, the oad may be from about 6 Kg to about 12 Kg. In some aspects the oad
may be Kg/m2. For examp e, n one aspect an 11.5 Kg oad can a ow a mater a remova_rate from the wafer of about
200 m crons per hour for Cu_ayers. In a re ated examp e, an 11.5 Kg oad can a ow a mater a remova rate from the
wafer of about 100 m crons per hour for ox des. In many cases, a ower oad can be used n order to m n m ze the
superabras ve part c e damage (e.g., ess than or equa to about 2 Kq).

Furthermore, eve ng of the t ps of the superabras ve part c es n the mono ayer a ows d ffer ng amounts of
superabras ve part c es to actua y cut aspertes nto the pad. In one aspect, for examp e, the t ps are_eve ed such
that at_east 100 t ps of the p ura ty of superabras ve part c es cut asper t es nto the CMP pad as the dresser s
rotated. In another aspect, the t ps are _eve ed such that at east 50 t ps of the p ura ty of superabras ve part c es cut
asper tes nto the CMP pad as the dresser_s rotated. In a further aspect, the t ps are_eve ed such that at_east 25 t ps
of the p ura ty of superabras ve part c es cut aspertes nto the CMP pad as the dresser_s rotated.

Add tona v, var ous methods can be ut zed to measure superabras ve part c e t p he ght to determ ne the d fference
n protrus on d stance between t ps. As such, any method for mak ng such a determ nat on s cons dered to be wthn
the present scope. It shou d be noted that for the purposes of the present d sc osure, the term “protrus on” refers to
the he ght of a part c e re at ve to some reference po nt. Techn ques for such measurements can nc ude d rect
measurements of the t p he ghts re at ve to a reference po nt such as, for examp e, the h ghest partc e t p, a surface
of a r g d support, the bottom surface of the matr x, etc. Measurements of part c e he ght from the surface of the
matr x mater a can be prob emat ¢, however, due to the rregu ar nature of such mater a s due to w ck ng around the
superabras ve part c es. In those cases whereby the matr x mater a s un form, such a surface may be used to
determ ne part c e he ght. Add tona vy, a re at ve protrus on or he ght d fference between two part ¢ es wou d be the

d fference n the he ghts between these part c es measured from a common reference po nt. Furthermore, n some
cases the superabras ve partc es may e aong a s ope, curvature, or some other arrangement that s not para e to
the under y ng support, such as, for examp e, a meta support ayer. In these cases, the protrus on he ght wou d be
norma zed aga nst the s ope, curvature, or other arrangement so that the re at ve protrus on he ght d fference
between part c es can be measured n the absence of the s ope, curvature, etc. It shou d be noted that superabras ve
partce tp he ght eve ng can, n some cases, be ndependent from the pos t on ng or pattern ng of the superabras ve
part c es across the surface of the dresser.

One examp e of a d rect measurement techn que can nc ude an opt ca scann ng process to eva uate superabras ve
partce tp postons. In one such process, an opt ca scanner can scan the surface of the CMP pad dresser to
determ ne the he ght of the superabras ve partc e t ps re at ve to a fxed po nt. For examp e, the scanner can scan
downward n space toward the dresser unt the hghesttp s ocated. The h ghest t p can then be set to the reference
po nt, and the scanner can cont nue scann ng n a d rect on toward the dresser measur ng the d stance from the
reference po nt to each superabras ve part c e t p across the surface of the dresser. Accord ngy, the d fference n
protrus on d stance between a of the superabras ve part ¢ es across the dresser can be d rect y measured.

Furthermore, measurement techn ques can a so ncude nd rect measurements, such as, for examp e, app y ng the
d amond mono ayer to a deformab e substrate that deforms re at ve to the protrus on d stance of the partc e tps. The
d amond mono ayer can be pressed nto the deformab e substrate and/or moved across the deformab e substrate to
form a scratch pattern there n. T p he ght can thus be extrapo ated from such nd rect measurements.

Numerous conf gurat ons for des gnated prof es are poss b e depend ng on the part cu ar use of the abrad ng oo ,
and a_such des gnated prof es are cons dered to be w th n the present scope. In one aspect, for examp e, the

des gnated prof e can be a p ane. In p anar prof es, the h ghest protrud ng po nts of the superabras ve part c es are
ntended to be substanta y eve n the tradtona sense. It s mportant to po nt out that, though t s preferred that
these po nts a_gn w th the des gnated prof e, there may be some he ght dev at on between superabras ve part c es
that occur due to _m tat ons nherent n the manufactur ng process.

In add t on to p anar prof es, n another aspect of the present nvent on the des gnated prof e has a s ope. Too s

hav ng s op ng surfaces may funct on to more eveny spread the fr ct ona forces mp ng ng thereon across the
superabras ve part c es, part cu ar y for rotat ng too s such as d sk sanders and CMP pad dressers. The greater
downward force app ed by h gher centra port ons of the too_may offset the h gher rotat ona ve oc ty at the per phery,
thus reduc ng the mechan ca_stress exper enced by superabras ve part c es n that ocat on. As such, the s ope may
be cont nuous from a centra po nt of the too to a per phera po nt, or the s ope may be d scont nuous, and thus be
present on ony a porton of the too. Sm ary, a gven too may have asnge sope or mutpe sopes. In certan

EX1060, Page 41



Case 1:20-cv-00247-RGA-JLH  Document 20-3  Filed 07/27/20 Page 14 of 23 PagelD
#: 196

Comparison between U.S. Patent No. 8,974,270 and U.S. Patent No. 9,724,802
(New subject matter added to the ‘802 Patent is shown in red)

aspects, the too may s ope n a drecton from a centra_po nt to a per phera po nt, or t may s ope from a per phera
po nt to a centra_po nt. Var ous s opes are contemp ated that may prov de a beneft to so d fed organ c matera ayer
toos. It s not ntended that the ¢ a ms of the present nventon be m ted as to specfc s opes, as a var ety of s opes
n numerous d fferent too s are poss b e. In one aspect, however, a CMP pad dresser may beneft from an average

s ope of 1/1000 from the center to the per phery.

Furthermore, n certa n aspects the des gnated prof e may have a curved shape. One spec f ¢ examp e of a curved
shape s a dome shape CMP pad dresser. Such curved prof es functon n a s m ar manner to the s oped surfaces.
CMP pad dressers may nc ude such curved prof es n order to more effect ve y d str bute the fr ct ona forces
between a_of the superabras ve part c es, thus reduc ng fa ures of nd v dua part c es and pro ong ng the fe of the
dresser. A so, CMP pad dressers can have des gnated prof es that comb ne any of a p ane, a s ope, a curved shape,
a dome shape, and the ke, nto a var ety of comp ex prof es.

In another aspect of the present d sc osure, a CMP pad dresser can _nc ude a support substrate, suchasargd
support substrate, and a mono ayer of a p ura ty of superabras ve part ¢c es coup ed to the support substrate, where
each superabras ve part c e n the mono ayer extends away from the support substrate to a protrus on d stance, and
where the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest protrud ng t p
of the mono ayer of superabras ve partces s ess than or equa to about 50 m crons. Add tona vy, the d fference n
protrus on d stance between the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve part c es are

w th n about 80 m crons or_ess. In another aspect, the d fference n protrus on d stance between the h ghest
protrud ng t p and the second h ghest protrudng tp s ess than or equa to about 10 m crons. In yet another aspect,
the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest protrudng tp s ess
than or equa to about 10 m crons. In a further aspect, the d fference n protrus on d stance between the h ghest
protrud ng t p and the 10h ghest protrudng t p s ess than or equa to about 20 m crons. In yet another aspect, the
d fference n protrus on d stance between the h ghest protrud ng t p and the 100" h ghest protrudng tp s ess than or
equa to about 40 m crons.

In another aspect of the present d sc osure, a CMP pad dresser s prov ded nc ud ng a support substrate and a
p ura ty of superabras ve part c es secured to the support substrate and pos t oned to engage and dress a CMP pad,
where the p ura ty of superabras ve part c es cut to depths of ess than 50 m crons nto a CMP pad dur ng a dress ng

procedure.

In a further aspect, a method of dress ng a CMP pad s prov ded. Such a method can nc ude app y ng a CMP pad

dresser to a CMP pad, and mov ng at_east one of the CMP pad or the CMP pad dresser w th respect to one another

to cut aspertes nto the CMP pad hav ng a cutt ng depth of from about 10 m crons to about 50 m crons. As one non-
m t ng examp e, an exemp ary CMP pad can _nc ude a support substrate and a mono ayer of a p ura ty of

superabras ve part ¢ es coup ed to the support substrate, where the p ura ty of superabras ve part c es nc udes a

p ura ty of work ng superabras ve part c es.

In one exemp ary aspect, as s shown n FIG. 1, a CMP pad dresser 100 nc udes a mono ayer of a p ura_ty of
superabras ve part c es 102 coup ed to a support substrate 104 w th, for examp e, a b nd ng mater a_105. Each
superabras ve part c e n the mono ayer protrudes to a protrus on d stance from the support substrate. The d fference
n protrus on d stance 106 between the h ghest protrud ng t p 108 and the next h ghest protrud ng t p 110 of the
mono ayer of superabras ve part c es s descr bed as the protrus on d fference. In one aspect, the protrus on

d fference can be ess than or equa to about 50 m crons. In another aspect, the protrus on d fference can be ess
than or equa to about 20 m crons. In a further aspect, the protrus on d fference can be _ess than or equa to about 10
m crons. It s noted that the term “protrus on d fference” can a so be used to descr be the d fference n protract on

d stance between any two or more superabras ve part c es.

A var ety of mater a s are contemp ated for use as superabras ve part c es. Any superabras ve known that can be

ut zed n a CMP pad dresser shou d be cons dered to be w th n the present scope. Non- m t ng examp es of such
materas ncude d amond materas, ntrde materas, ceramcs, and the ke. In one aspect, the superabras ve
partces nc ude d amond mater as. Such d amond matera s can nc ude natura or synthetc d amond, s ng e crysta,
poycrysta ne, and the ke. In another aspect, the superabras ve part ces ncude cub c boron n trde materas.

It s ntended that the scope of the present d sc osure nc ude superabras ve partc es of a _conce vab e s zes that
wou d be usefu n dress ng a CMP pad. Aspects of the present d sc osure, however, spec fca y a ow the retent on of
superabras ve partces n a CMP pad dresser of s zes that have not prev ous y been feas b e for use n meta toos
made us ng trad t ona_techn ques w th part c es exposed and arranged n a pattern. In one aspect, superabras ve
part c es may range n s ze from about 30 m crons to about 250 m crons. In another aspect, superabras ve part c es
may range n s ze from about 100 m crons to about 200 m crons. In yet another aspect, superabras ve part c es can
range from 100 m crons to 150 m crons. Add tona y, var ous d amond part c es s zes can be used, nc ud ng mesh
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s zes such as 10/20, 30/40, 80/90, 90/100, 100/120, 120/140, 140/170, 170/200, 200/230, 230/270, 270/325, and
325/400.

Add tona vy, the p ura ty the superabras ve part c es can be or ented so as to affect dress ng performance of a CMP
pad. Or ent ng the superabras ve partces n a specfc atttude n re at on to the CMP pad to be dressed creates

d fferent asper tes n the pad surface, thus a ter ng the performance of the CMP pad. D fferent asper t es retan s urry
n d fferent manners and thus po sh a workp ece d fferent y accord ng to asper ty depth, w dth, dens ty, etc. The
superabras ve part ¢ es of a CMP pad dresser can be or ented accord ng to the des red po sh ng character st cs of
the CMP pad. For examp e, fthe superabras ve part c es predom nanty have an apex or ented towards the CMP
pad, the asper tes of the pad w be narrow and deep. The advantages of narrow and deep asper t es are that the
pad can better reta n the po sh ng s urry, and thus the po sh ng rate of the wafer ncreases. However, the ncreased
po sh ng rate may aso ncrease the wear rate of the superabras ve part c es. As such, wear rate may vary depend ng
on the att tude of the superabras ve part c es, and therefore, the or entat on of each superabras ve part c e may be
cons dered when des gn ng a dev ce w th des red performance character st cs. Genera y speak ng, superabras ve
part c e att tudes that prov de h gher dress ng rates ( .e. deeper penetrat on nto a pad) a so wear part c es out at a

h gher rate.

In contrast, fthe superabras ve part c es are or ented w th a face towards the pad, the resu t ng asper t es may po sh
at a ower rate. The face of the partce s genera y thought to be more durab e, but does not typ ca y cut deep and
narrow asper t es n the pad, but rather asper t es that are sha ow and broad. Therefore the face porton of a partce
w dress a CMP pad at a reduced rate compared to the apex port on of a part c e, but the superabras ve partce w
wear at a much ower rate.

The edge port ons of a superabras ve part c e have dress ng and wear character st cs that are between those of the

face and apex port ons. It has been thought that f the edge porton s ut zed to dress a CMP pad, the asper tes are
not as deep or narrow as those dressed w th an apex port on, but may prov de asper tes havng desrab e

ntermed ate character st cs. Further, the edge port on of the part c e does not wear at such a h gh rate as that of an

apex.

In one aspect, the p ura ty of superabras ve part c es are substanta y a confgured n an att tude hav ng e ther an
apex porton or an edge port on or ented toward a pad to be dressed. In another aspect, the p ura ty of superabras ve
part c es are substanta y a confgured n an att tude hav ng e ther an edge port on or a face port on or ented toward
a pad to be dressed. In yet another aspect, the p ura ty of superabras ve part c es can be conf gured n an att tude
hav ng a sharp port on or ented towards a pad to be dressed. In a further aspect, the p ura ty of superabras ve

part c es can be confgured n an att tude hav ng an apex port on or ented towards a pad to be dressed.

A CMP pad dresser hav ng sucha substanta y eve ed t p arrangements can have a ow scratch rate because
superabras ve partces are ess key to pu out of the matrx ayer due to the r more un form protrus on d str but on
compared to trad tona dressers. Add tona y, the more un form protrus on d str but ons of such a dressers a ows the
cond ton ng of CMP pads n such a manner as to fac tate good po sh ng rates wh e at the same t me extend ng the
effect ve work ng fe of the dresser. These benefts can be affected by, for examp e, un form asper ty spac ng and

s ze d strbuton n the CMP pad.

tn-one-aspect-ofthe present-d-sc-osure;CMP pad dressers hav ng substanta y eve ed or_eve ed superabras ve +p
-eve-ngpart c e t ps can be accomp-shed-by-made us ng var ous manufactur ng the-CMP-pad-dresser—n-techn ques,
and any such techn que s cons dered to be w th n the present scope. The fo ow ng descr pt on prov des a way-that

the-effects-of warpage-are-mnmzed—Forfew non- m t ng descr pt ons of such exemp ary processes.

In one aspect, for examp e, a CMP pad dresser can be made us ng a braz ng process, and as such wou d genera y
nc ude a support substrate and a p ura ty of superabras ve part c es coup ed to the support substrate by a meta or
meta _a oy braze mater a. As has been descr bed, trad t ona braz ng techn ques create warpage n the dresser as
the braze mater a coo s. As such, superabras ve part c e t ps that were eve ed pr or to braz ng are substanta y

m sa gned n the manufactured dresser. Therefore, steps to m n m ze or e m nate the warpage must be taken when
us ng a braze process n order to mantantp eve ng. Varous techn qgues to m nm ze or e m nate warpage are
contemp ated, and any such techn que s cons dered to be w th n the present scope.

As one aspestgenera _examp e, a CMP pad dresser can be made n at east a two stage process, where the frst
stage s performed n a manner that m n m zes perturbat ons of the eve ed t ps n a process that wou d norma y

s gnfcanty move the superabras ve t ps out of a eve ed arrangement, such as, for examp e, by braz ng. The second
stage of the process can further enhance the eve ng of superabras ve part c e t ps across the CMP pad dresser.
Other examp es may nc ude ut zng ower temperature a oys, us ng s ow temperature ramp ng n heat ng and/or
coo ng of the support substrate, us ng add t ona _mechan ca support to frm y ho d the support substrate from mov ng
when warpage occurs, and the ke.

EX1060, Page 43



Case 1:20-cv-00247-RGA-JLH  Document 20-3  Filed 07/27/20 Page 16 of 23 PagelD
#:198

Comparison between U.S. Patent No. 8,974,270 and U.S. Patent No. 9,724,802
(New subject matter added to the ‘802 Patent is shown in red)

Vareus-exemp-ary-confguratons\Warpage can a so be mnm zed or e m nated through the structura des gn of SMP
pad-dressers-hav-ng-substanta—y—eve-ed-tps-are-contemp-ated—in-the dresser. For examp e, n one aspect;for
examp-e; a CMP pad dresser can nc ude a frst mono ayer of superabras ve part ¢ es d sposed on one s de of a
meta support ayer and a second mono ayer of superabras ve part ces dsposed on the meta support ayer onan
oppos te s de from the frst mono ayer. abra a

the#ret—meneayer—A rg d support s coup ed to the second mono ayer of superabras ve part ces oppos te the frst
mono ayer to prov de support to the dresser.

As s shown n FIG. 2, for examp e, a frst mono ayer of superabras ve part c es 22202 s arranged on a surface of a
meta—support -ayer24-substrate 204. A second mono ayer of superabras ve part c es 26206 s arranged on the meta-
support -ayer24substrate 204 on a s de that s oppos te to the frst mono ayer. As s d scussed further be ow, n some
cases the frst and second mono ayers of superabras ve part c es can be arranged such that correspond ng
superabras ve part ¢ es across the meta—support ayer are n substanta a gnment, as s shown n FIG. 2. In other
cases, the superabras ve part c es of the frst and second mono ayers can be arranged n a substanta y sm ar

d str but on, but may or may not be substanta y a gned w th one another across the meta—support -ayersubstrate.

The d spos t on of a mono ayer of superabras ve part c es on each s de of the meta—ayersupport substrate thus
moderates the therma shr nkage from the braz ng temperature that wou d otherw se buck e a d str but on of
superabras ve part ¢ es arranged on just one s de. By app y ng a mono ayer to each s de of the meta—support
-ayersubstrate, warp ng forces such as therma movement and pressure can be equa zed or substanta y equa zed
enfrom both s des. As such, the warpage of the meta—support -ayersubstrate can be m n m zed. In other words, the
forces respons b e for warp ng are app ed substanta y equa y to each s de of the meta—ayersupport substrate and
can thus at east parta y cance one another out, thus m n m z ng warpage that can otherw se occur. In some
aspects, the superabras ve part c es mak ng up the mono ayers on each s de of the meta—ayersupport substrate can
have match ng conf gurat ons, patterns, or or entat ons to one another. In th s way there can be a substanta y

match ng spata arrangement of superabras ve part c es on each s de of the meta—ayer-support substrate. In another
aspect, the conf gurat ons, patterns, or or entat ons can be d fferent or var ed from one another, or may be parta y
match ng. In yet another aspect, the patterned p acement of the superabras ve part c es on one s de of the meta-
support -ayersubstrate can be substanta y a gned w th the pattern of superabras ve part c es on the other s de of the
meta—ayersupport substrate so that part c e ocat ons match one another. In some aspects, there can be a d rect
correspondence between the spata pos ton ng of superabras ve part c es on one s de of the meta—support
-ayersubstrate and the spata pos t on ng of superabras ve part ¢ es on the other s de of the meta support
-ayersubstrate. In another aspect, the patterns of superabras ve part c es may match or substanta y match one
another, but may be offset on oppos te s des of the meta—support -ayersubstrate so that part c e ocat ons do not
match one another.
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Accord ng y, m n m z ng the warpage of the support substrate can ma nta n a greater degree of eve ng of
superabras ve partce t ps n the fn shed too . When heat and/or pressure are used to make a superabras ve oo ,
warpage of the support substrate can cause great var atons n tp he ght eve , even for those part c es that were

eve ed pr or to heat ng and/or app y ng pressure. In one aspect, d str but ng the warpage forces equa vy or

substant a y equa y on both s des of a support substrate through the arrangement of the superabras ve part c es can
effect ve y cance forces on oppos ng s des and thus great y reduce the degree of warp ng occurr ng n the support
substrate, thus a so m nm z ng the re at ve he ght movement of the superabras ve part c es re at ve to one another. In
other aspects, CMP pad dressers can be made us ng processes that do not ut zed h gh pressure and/or h gh

temperature.

the ke nc dng comb natons thereof In one specfc asgect the sugerabras ve Qart ces can be temgorar y
coup ed to the support substrate us ng an adhes ve that then vo at zes away and s e m nated dur ng construct on of

the dresser.

In another aspect, as s shown n FIG. 3, a f rst mono ayer of superabras ve part c es 32302 s arranged on a surface
of a meta—support -ayver-34substrate 304. A second mono ayer of superabras ve part c es 36306 s arranged on the
reta—support -ayer-34substrate 304 on a s de that s oppos te to the f rst mono ayer. A bond ng

mater a 38308 secures the f rst mono ayer and the second mono ayer to the meta—support -ayersubstrate 34. The
bond ng mater a can be any mater a capab e of secur ng the f rst and second mono ayer to the meta—support
-ayersubstrate. In some aspect, the bond ng mater a can be the same for secur ng the f rst mono ayer and the
second mono ayer, wh e n other aspects; the bond ng mater a can be d fferent for secur ng the frst mono ayer and
the second mono ayer.

Fhelt s noted that the var ous descr pt ons of mater a s, attachment techn ques, and the ke, can be genera y
app _cab e to any CMP pad dresser des gn to wh ch such mater a s, techn ques, and the ke are app cab e. For
examp e, a mater a_that can be used to secure a superabras ve part c e to a substrate can be used n both dua
mono ayer and s ng e mono ayer dresser des gns.

Accord ngy, the bond ng mater a can be any matera capab e of secur ng superabras ve part c es there n. Non-
m tng examp es of bond ng materas ncude meta brazes, meta braze a oys, organ c matr x mater a s, s ntered
mater a s, e ectrop ated matera s, and the ke, ncud ng comb nat ons thereof.

In one aspect, for examp e, the superabras ve part ¢ es can be brazed to the meta—support -ayersubstrate, and thus
the bond ng mater a can be a meta braze or meta braze a oy. Meta braz ng techn ques are known n the art. A
green braze mater a can be app ed to the meta—support -ayersubstrate on or around the superabras ve part c es.
The meta braze can be app ed n any krewknown conf gurat on, nc ud ng braze sheets, powders, pastes, sprays,
and the ke, ncud ng comb nat ons thereof. Once app ed to the meta—support -ayersubstrate, the braze can be
heated and me ted to coat at east a port on of the meta—support -ayersubstrate and to bond the superabras ve

part c es. The heat ng temperature can vary depend ng on the braze matera used, but n one aspect can be from
about 700° C.to about 1200° C.
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In one non- mtng examp e, the superabras ve part c es can be bonded to the meta—support -ayersubstrate by
braz ng w th a n cke -based a oy conta n ng chrom um. In another examp e, the braz ng can nc ude press ng the
superabras ve part c es w th a fat ceram ¢ mater a that cannot be bonded to the braze n order to eve the
superabras ve partc e t ps. Var ous braze a oys are contemp ated, nc ud ng non- mtng examp es such as BN »,
BN ;, and the ke.

Add tona y, none aspect at-eastone-of the f+st-and-second-meono-ayers-of- superabras ve part c es can be coup ed

to the meta—support -ayersubstrate by an e ectrodepos t on process, and thus the bond ng mater a can be an

e ectrodepos ted meta mater a. As an examp e of a su tab e method for pos t on ng and reta n ng abras ve materas
pror to and dur ng the e ectrodepos t on process, a mo d can be used that nc udes an nsu at ng mater a that can
effect ve y prevent the accumu at on of e ectrodepos ted mater a on the mo d ng surface. Superabras ve part c es can
be he d on the mo d ng surface of the mo d dur ng e ectro depos t on. As such, the accumu at on of e ectrodepos ted
mater a can be prevented from occurr ng on the part c e t ps and the work ng surface of the pad cond t oner
substrate. Such techn ques are descrbed n U.S. patent app caton Ser. No. 11/292,938, f ed Dec. 2, 2005, whch s
hereby ncorporated here n by reference.

In another aspect, the superabras ve part c es can be bonded to the meta—support -ayersubstrate by s nter ng, and
thus the bond ng matera can nc ude a s nter ng mater a. For examp e, the bond ng of the superabras ve partc es to
the meta—support -ayersubstrate can nc ude d spos ng a s nter ng compound on the meta—support -ayersubstrate n
contact w th at-east-onethe p ura ty of thefrstmono-ayerand-the-second-mone-ayersuperabras ve partc es, and

s nter ng the s nter ng compound to bond the at-east-one-of the-frst-mono-ayerand-the-second
mone-ayersuperabras ve part ¢ es to the meta—support -ayersubstrate. Su tab e s nter ng methods w beread y
apprec ated by one of ord nary sk n the art hav ng possess on of th s d sc osure. Bas ca y, a s nter ng compound s
app ed around the superabras ve part c es and n contact w th the meta—support -ayersubstrate. The s nter ng
compound can be any known s nter ng mater a that can be used to secure superabras ve part c es to a substrate.
Non- m t ng examp es of such mater as can nc ude meta and meta a oy powders, ceram c powders, and the ke.
One specfc non- mtng examp e of a s nter ng compound s coba t powder.

Once the s nter ng compound has been app ed around the superabras ve part ¢ es and to the meta—support
substrate, heat and n some cases pressure can be app ed to cause s nter ng to occur. In some aspects, a braze or
braze a oy can be nf trated nto the s nter ng compound dur ng bond ng to further strengthen the bond ng mater a
matr x.

tn-another-aspectas—s-shownn-FIG4,-In yet another aspect, s nter ng can be used to s nter the p ura ty of

superabras ve partc es nto a CMP pad dresser, where the support substrate s the s nterng matera. In th s case,
the above rec ted procedure can be repeated w thout the use of a support substrate.

In another aspect, heat and pressure can be app ed to bond the frst-mone-ayerp ura ty of superabras ve

part c es-42-and/or-the-second-mono-ayer-of superabras-ve-partces46- drecty nto the meta—support
-ayer44substrate. Thus, upon the app cat on of heat and pressure, the meta—support -ayer-44-ssubstrate can be

softened or parta y me ted. The superabras ve part c es -n-onre-or-more-of the-mono-ayers-are then pressed nto the
meta—support -ayersubstrate. A p anar eve ng surface can be used to app y pressure to the mono ayer andof
superabras ve part ¢ es to thus ma ntan the eve nature of the superabras ve partce tps as the superabras ve
partces are pressed nto the me ,

be ma nta ned upon the met&support eyersubstrate and superabras ve partces unt coo ed, thus mnmzng

warp ng.

In yet another aspect, as s shown n FIG. 54, a dua mono ayer CMP pad dresser can nc ude a f rst mono ayer of
superabras ve part c es 52402 and a second mono ayer of superabras ve part c es 56406 coup ed to a meta—support
-ayer-54substrate 404. The superabras ve part c es can be coup ed to the meta—support -ayersubstrate drecty orva
a bond ng mater a. The second mono ayer of superabras ve part c es 56406 s coup ed to a rg-dsecond support-58
substrate 408. A port on of the rg-dsecond support-58- substrate s shown removed n FIG. 54 to expose the second
mono ayer. The rg-dsecond support-58 substrate 408 can fac tate hand ng and use of the CMP pad dresser. By
bond ng the superabras ve part ¢ es of the second mono ayer to the rg-dsecond support substrate, the f rst mono ayer
of superabras ve part c es rema ns exposed for CMP pad cond t on ng operat ons.

The rg-dsecond support substrate can be made from any mater a compat b e w th the abrad ng or dress ng process.

Such mater a s can ncude po ymer c matera s, meta mater a s, ceram ¢ mater as, g asses, compos tes, and the
ke. In one aspect, the rg-dsecond support_substrate can be a po ymer ¢ mater a and the second mono ayer of

superabras ve part ¢ es can be embedded there n us ng heat, pressure, adhes ves, etc. In some aspects, the

rg-dsecond support substrate can be a non-po ymer ¢ mater a such as a meta ayer. In such cases, the

superabras ve part ¢ es can be bonded to the rg-dsecond support_substrate by adhes ve attachment, so der ng,

EX1060, Page 46



Case 1:20-cv-00247-RGA-JLH  Document 20-3  Filed 07/27/20 Page 19 of 23 PagelD
#: 201

Comparison between U.S. Patent No. 8,974,270 and U.S. Patent No. 9,724,802
(New subject matter added to the ‘802 Patent is shown in red)

braz ng, e ectrop at ng, and the ke. For braz ng techn ques, care can be taken to mnmze or e m nate warpage n
the meta—ayersubstrate dur ng the heat ng and coo ng process. In another aspect, one or more magnet ¢ e ements
can be p aced nto the rg-dsecond support substrate to attract and ho d the CMP pad dresser n p ace, thus formng a
temporary attachment. An opt ona ock ng mechan sm can be ut zed to further mmob ze the CMP pad dresser to
the rg-dsecond support substrate dur ng use. In some aspects the rg-dsecond support substrate can nc ude surface
features to ho d the dresser n p ace dur ng rotat ona movement aga nst a CMP pad. The +g-dsecond support
substrate can have approx mate y the same d ameter as the meta support ayer, a arger d ameter than the meta
support ayer, or, n some cases, a sma er d ameter than the meta support ayer.

In another aspect, a CMP pad dresser can be compr sed of a p ura ty of dress ng segments hav ng a p ura ty of

eve ed superabras ve part c es t ps, where the p ura ty of dress ng segments are hed n p ace by a r g d support-_ or
support substrate. Such a des gn a ows a p ura ty of sma er dress ng segments to be manufactured hav ng prec se y
eve ed t ps. Sma er d ameter-meta- support ayers n these dress ng segments can be made by processes nvo v ng
heat and/or pressure w th ess warpage due to ther sma er s ze. For examp €, a 4 nch d ameter meta d sc can

exh b t greater warp ng due to braz ng as compared to a 0.5 nch d ameter meta d sc. Thus therma d stort on and
part c e foat ng prob ems are decreased. A p ura ty of such dress ng segments can then be coup ed to a arger

d ameter rg-d-support_substrate by processes that do not ntroduce s gn f cant warpage, such as bondng n an

organ ¢ mater a . Such dress ng segments can have one or more ayer(s) of superabras ve partces couped to a
support ayer. In one aspect, a segment can have a s ng e ayer of superabras ve part c es coup ed to a meta—support
ayer. In another aspect, a segment can have a ayer of superabras ve part c es coup ed to each s de of a meta-
support ayer, as has been descr bed here n. Thus, th s process a ows the manufacture of CMP pad dressers that
can have prec se t p protrus on to erances. Add tona y, n one aspect, each dress ng segment can have at east three
superabras ve part ¢ es that protrude to the greatest extent. If the three h ghest protrud ng superabras ve partc es on
every dress ng segment are eve ed across the ent re rg-d-support substrate, a CMP pad dresser s made hav ng very
prec se tp eve ng across the entre surface. If, for examp e, ten dress ng segments are used to make the CMP pad
dresser, then the h ghest protrud ng th rty superabras ve partces nthe too w have effect ve y the same protrus on
d stance and be substanta y eve ed. Var ous add tona deta s regard ng dress ng segments are deta ed n U.S.
patent app caton Ser. No. 13/034,213, f ed Feb. 24, 2011, wh ch s hereby ncorporated here n by reference.

Var ous organ ¢ mater a s are contemp ated for use as a rg-d-support substrate, and/or to be-used-to-secure thea
second mono ayer of superabras ve part ¢ es and/or the dress ng segments to the rg-d-support_substrate. Examp es
of su tab e organ ¢ matr x materas nc ude, wthout mtaton, am no res ns, acry ate res ns, a kyd res ns, po yester
res ns, po yamde res ns, po y mde res ns, po yurethane res ns, pheno c res ns, pheno ¢/ atex res ns, epoxy res ns,
socyanate res ns, socyanurate res ns, poys oxane res ns, react ve v ny res ns, po yethy ene res ns, po ypropy ene
res ns, po ystyrene res ns, phenoxy res ns, pery ene res ns, po ysu fone res ns, acry on tr e-butad ene-styrene res ns,
acry cres ns, po ycarbonate res ns, poy m de res ns, and m xtures thereof. In one spec f ¢ aspect, the organ ¢
mater a can be an epoxy res n. In another aspect, the organ ¢ mater a can be a poy mde res n. In yet another
aspect, the organ ¢ matera can be a po yurethane res n.

Addtona y, so-ca ed “reverse cast ng” methods can be used to accurate y or ent and attach the dress ng segments
to the rg-d-support_substrate. Such methods can ncude nta y secur ng the p ura ty of dress ng segments to a
substrate us ng a “mask” mater a . The port ons of the dress ng segments protrud ng from the mask matera can then
be attached to the r g d support us ng the methods d scussed here n, after wh ch (or dur ng wh ch), the mask ng
matera can be removed.

When an organ ¢ matera s ut zed, methods of cur ng the organ ¢ mater a can be a var ety of processes known to
one sk ed n the art that cause a phase trans ton n the organ ¢ matera from at east a p ab e state to at eastargd
state. Cur ng can occur, w thout m tat on, by expos ng the organ ¢ mater a to energy n the form of heat,

e ectromagnet ¢ rad at on, such as u trav o et, nfrared, and m crowave rad at on, part c e bombardment, such as an

e ectron beam, organ c cata ysts, norgan c cata ysts, or any other cur ng method known to one sk ed n the art.

In one aspect of the present nventon, the organ ¢ matera can be a thermop ast ¢ matera . Thermop astc materas
can be revers by hardened and softened by coo ng and heat ng respect ve y. In another aspect, the organ ¢c mater a
ayer may be a thermosett ng mater a. Thermosett ng mater a s cannot be revers b y hardened and softened as w th
the thermop ast ¢ mater a s. In other words, once cur ng has occurred, the process can be essenta y rreversbe, f
des red.

As a more deta ed st of what s descr bed above, organ ¢ mater a s that may be usefu n embod ments of the
present nventon ncude, but are not mted to: am no res ns nc ud ng a ky ated urea-forma dehyde res ns,

me am ne-forma dehyde res ns, and a ky ated benzoguanam ne-forma dehyde res ns; acry ate res ns nc ud ng v ny
acry ates, acry ated epox es, acry ated urethanes, acry ated po yesters, acry ated acry cs, acry ated po yethers, v ny
ethers, acry ated o s, acry ated s cons, and assoc ated methacry ates; a kyd res ns such as urethane a kyd res ns;
po yester res ns; po yam de res ns; po y m de res ns; react ve urethane res ns; po yurethane res ns; pheno c res ns
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such as reso e and novo ac res ns; pheno ¢/ atex res ns; epoxy res ns such as b spheno epoxy res ns; socyanate
res ns; socyanurate res ns; poys oxane res ns nc ud ng aky a koxys ane res ns; reactve v ny res ns; res ns
marketed under the Bake te™ trade name, nc ud ng po yethy ene res ns, po ypropy ene res ns, epoxy res ns,
pheno c res ns, po ystyrene res ns, phenoxy res ns, pery ene res ns, po ysu fone res ns, ethy ene copo ymer res ns,
acry on tr e-butad ene-styrene (ABS) res ns, acry cresns, and v ny resns; acry c res ns; po ycarbonate res ns; and
m xtures and comb nat ons thereof. In one aspect of the present nvent on, the organ c matera may be an epoxy
res n. In another aspect, the organ ¢ mater a may be a poy mde res n. In yet another aspect, the organ ¢ mater a
may be a po yurethane res n.

Numerous add t ves may be ncuded n the organ c matera to fac tate ts use. For examp e, add tona cross nk ng
agents and f ers may be used to mprove the cured character st cs of the organ c matera ayer. Add tona v,

so vents may be ut zed to a ter the character st cs of the organ ¢ mater a n the uncured state. A so, a re nforc ng
mater a may be d sposed w th n at east a port on of the so d fed organ ¢ matera ayer. Such re nforc ng mater a
may funct on to ncrease the strength of the organ c matera ayer, and thus further mprove the retent on of the

nd vdua abras ve segments. In one aspect, the re nforc ng matera may nc ude ceram cs, meta s, or comb nat ons
thereof. Examp es of ceram cs ncude aumna, aumnum carbde, s ca, s con carbde, zrcon a, zrcon um carb de,
and m xtures thereof.

Addtona y, none aspect a coup ng agent or an organometa ¢ compound may be coated onto the surface of a
superabras ve mater a to fac tate the retent on of the superabras ve partc es n the organ c matera va chemca
bond ng. A w de var ety of organ ¢ and organometa c compounds s known to those of ord nary sk n the art and
may be used. Organometa c coup ng agents can form chem ca s bonds between the superabras ve materas and
the organ ¢ mater a, thus ncreas ng the retent on of the superabras ve mater a s there n. In th s way, the
organometa c coup ng agent can serve as a br dge to form bonds between the organ ¢c mater a and the surface of
the superabras ve mater a . In one aspect of the present nvent on, the organometa c coup ng agent can be a
ttanate, z rconate, s ane, or m xture thereof. The amount of organometa ¢ coup ng agent used can depend upon
the coup ng agent and on the surface area of the superabras ve mater a. Oftent mes, 0.05% to 10% by we ght of the
organ c matera ayer can be suff c ent.

Spec fc non- mtng examp es of s anes su tab e for use n the present nventon nc ude: 3-g yc doxypropy tr methoxy
s ane (ava ab e from Dow Corn ng as Z-6040); y-methacry oxy propy tr methoxy s ane (ava ab e from Un on Carb de
Chem ca s Company as A-174); B-(3,4-epoxycyc ohexy )ethy tr methoxy s ane, y-am nopropy tr ethoxy s ane, N-(j3-
am noethy )-y-am nopropy methy d methoxy s ane (ava ab e from Un on Carb de, Sh n-etsu Kagaku Kogyo K.K.,
etc.). Specfc non- mtng examp es of t tanate coup ng agents ncude: sopropy tr sostearoy t tanate,

d (cumy pheny ate)oxyacetate t tanate, 4-am nobenzenesu fony dodecy benzenesu fony t tanate,

tetraocty b s(d tr decy phosph te) t tanate, sopropy tr (N-ethy am no-ethy am no) t tanate (ava ab e from Kenr ch
Petrochem ca s. Inc.), neoa kyoxy t tanates such as LICA-01, LICA-09, LICA-28, LICA-44 and LICA-97 (aso ava abe
from Kenr ch), and the ke. Specfc non- mtng examp es of a um num coup ng agents nc ude acetoa koxy
aumnum d sopropy ate (ava ab e from Ajnomoto K.K.), and the ke. Specfc non- mtng examp es of z rconate
coup ng agents ncude: neoa koxy z rconates, LZ-01, LZ-09, LZ-12, LZ-38, LZ-44,L.Z-97 (a ava ab e from Kenr ch
Petrochem ca s, Inc.), and the ke. Other known organometa c coup ng agents, e.g., th o ate based compounds, can
be used n the present nvent on and are cons dered w th n the scope of the present nvent on.

In other aspects of the present d sc osure, superabras ve part c e t ps can be eve ed by reduc ng the protrus ons of
part c es that are outs de of the des red to erance range. Once such part c es are dent f ed, var ous techn ques can be
ut zed to reduce such protrus ons. In one aspect, for examp e, mechan ca abras on of the dresser can reduce the
protrud ng part c es. In another aspect, a v brat on too can be used to nd v dua y break such part c es. In yet another
aspect, a aser such as a Nd:YAG aser can be used to d srupt such part ces.
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In yet a further aspect of the present d sc osure, a CMP pad dresser can nc ude a p ura ty of superabras ve part c es
arranged as a work ng surface, where the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrud ng t p of the frst mono ayer of superabras ve partces s ess than or equa to about 20

m crons, and where the d fference n protrus on d stance between the h ghest 1% of the protrud ng t ps of the frst
mono ayer of superabras ve part ¢ es, exc ud ng the h ghest protrud ng t p, are w th n about 80 m crons.

In another aspect, a CMP pad dresser can ncude a p ura ty of superabras ve part c es arranged as a work ng
surface, where the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest
protrud ng tp s ess than or equa to about 10 m crons, the d fference n protrus on d stance between the h ghest
protrud ng t p and the 10"h ghest protrud ngtp s ess than or equa to about 20 m crons, the d fference n protrus on
d stance between the h ghest protrud ng t p and the 100*h ghest protrud ng tp s ess than or equa to about 40

m crons, and the h ghest protrud ng t p has a protrus on d stance of greater than or equa to about 50 m crons.

It s noted that, wh e the above d sc osure refers pr mar y to CMP pad dressers, other prec s on gr nd ng and/or
abrad ng too s are cons dered to be w th n the present scope. As such, the techn ques and teach ng d sc osed here n
can add tona y be app ed to such too s.

Addtona y, t s noted that trad t ona CMP process ng techn ques, ncud ng pad dress ng, has mted the crtca

d mens on of ntegrated crcuts. The presenty d sc osed CMP dress ng dev ces and techn ques can, however, a ows
process ng of wafers hav ng ntegrated crcut crtca d mens ons of ess than or equa to 45 nm, 32 nm, 28 nm, er22
nm, or _ess.

Of course, t s to be understood that the above-descr bed arrangements are ony ustrat ve of the app cat on of the
pr nc p es of the present nvent on. Numerous mod f cat ons and a ternat ve arrangements may be dev sed by those
sk ed n the art w thout depart ng from the sp rt and scope of the present nvent on and the appended cams are
ntended to cover such mod f cat ons and arrangements. Thus, wh e the present nventon has been descr bed above
w th part cu arty and deta n connecton wth what s presenty deemed to be the most pract ca and preferred
embod ments of the nventon, tw be apparent to those of ord nary sk  n the art that numerous mod f cat ons,

nc ud ng, but not mted to, varatons n s ze, mater a s, shape, form, funct on and manner of operat on, assemb y
and use may be made w thout depart ng from the pr nc p es and concepts set forth here n.

Claims:
What s camed s:
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e mono-aye e-partee e han-or-eq about20A CMP
pad dresser, compr s ng: a r g d support substrate; and a mono ayer of a p ura ty of superabras ve part c es coup ed
to the support substrate, where n each superabras ve part c e n the mono ayer extends away from the support
substrate to a protrus on d stance, where n a t p of each of the p ura ty of superabras ve partces a gns aong a

des gnated prof e wth a t p var at on of from about 5 m crons to about 100 m crons, and where n the d fference n
protrus on d stance between the h ghest protrud ng t p and the second h ghest protrud ng t p of the mono ayer of
superabras ve partces s ess than or equa _to about 50 m crons, and the d fference n protrus on d stance between
the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve part c es are w th n about 80 m crons or_ess.

2. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrudng tp s ess than or equa to about 10 m crons.

3. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrudng tp s ess than about 10 m crons.

4. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
10nh ghest protrud ngtp s ess than or equa to about 20 m crons.

5. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
100" h ghest protrud ng tp s ess than or equa to about 40 m crons.

6. The dresser of cam 1, where n the p ura ty of superabras ve partces ncudes a p ura ty of work ng
superabras ve part ¢ es, such that rotat ng the dresser aga nst a CMP pad cuts aspertes nto the CMP pad hav ng a
cutt ng depth of ess than or equa to about 50 m crons.

7. The dresser of c am 6, where n the cutt ng depth s from about 10 m crons to about 50 m crons.

8. The dresser of cam 6, where n the p ura ty of work ng superabras ve partces ncudes at east 100 work ng
superabras ve part c es.

9. The dresser of cam 6, where n the p ura ty of work ng superabras ve partces ncudes at east 1000 work ng
superabras ve part c es.

10. The dresser of c am 6, where n the p ura ty of work ng superabras ve part c es nc udes from about 1000 to about
6000 work ng superabras ve part c es.

11. The dresser of cam 6, where n the p ura ty of work ng superabras ve part ces nc udes from about 2000 to about
5000 work ng superabras ve part c es.

12. The dresser of cam 6, where n the p ura ty of work ng superabras ve part c es nc ude at_east about 1000
work ng superabras ve part ¢ es that protrude from the r g d support substrate to d stances w th n about 30 m crons of
one another.

13. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of from about 10 m crons to about 50 m crons.

14. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of from about 20 m crons to about 40 m crons.
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15. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of ess than about 20 m crons.

16. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths
of ess than about 20 m crons when used to abrade a CMP pad.

17. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part c es produce cutt ng depths
of from about 1 m cron to about 20 m crons when used to abrade a CMP pad.

18. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths
of from about 10 m crons to about 20 m crons when used to abrade a CMP pad.

19. The dresser of cam 1, where n the des gnated prof e nc udes a conf gurat on se ected from the group cons st ng
of a p ane, a s ope, a curved shape, a dome shape, and comb nat ons thereof.

20. The dresser of cam 1, where n the p ura ty of superabras ve part c es s arranged across the support substrate n
a predeterm ned pattern.

21. The dresser of c am 20, where n the predeterm ned pattern nc udes an even d str but on of the p ura ty of
superabras ve part ¢ es spaced at a d stance of from about 100 m crons to about 800 m crons.
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1. A CMP pad dresser, comprlslng a first rlgld sumaort substrate; and a monolayer
of a plurality of superabrasive particles :
suppertlayer; coupled to the support substrate, wherem each superabraswe Dartlcle in the
monolayer extends away from the support substrate to a protrusion distance, wherein a tip of
each of the plurality of superabrasive particles aligns along a designated profile with a tip
variation of from about 5 microns to about 100 microns, and wherein the difference in protrusion
distance between the highest protruding tip and the second highest protruding tip of the
monolayer of superabraswe partlcles is less than or equal to about 50 mlcrons—a—seeeﬂd

eppesﬁe%he—ﬁ-rs{—meﬂel-ayef and the dlfference in Drotruswn dlstance between the hl,qhest 1% of
the protruding tips of the monolayer of superabrasive particles are within about 80 microns or
less.
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a9y United States
a2y Patent Application Publication (o) Pub. No.: US 2014/0120724 A1l

US 20140120724A1

Sung 43) Pub. Date: May 1, 2014
(54) COMPOSITE CONDITIONER AND 61/246,816, filed on Sep. 29, 2009, provisional appli-
ASSOCIATED METHODS cation No. 61/333,162, filed on May 10, 2010.
(71) Applicant: Chien-Min Sung, Tansui (TW) 30) Foreign Application Priority Data
(72) Inventor: Chien-Min Sung, Tansui (TW) Apr. 10,2012 (TW) v 101112625
(1) Appl. No.: 13/797,704 Publication Classification
(22) Filed: Mar. 12,2013 51) Int.CIL
Related U.S. Application Data Zzo‘;i ;iﬁg;; 888288
(63) Continuation-in-part of application No. 12/726,786, B24D 18/00 (2006:01)
filed on Mar. 18, 2010, now Pat. No. 8,622,787, which (52) U.S.CL
is a continuation-in-part of application No. 12/255, CPC ... B24B 53/017 (2013.01); B24D 18/0072
823, filed on Oct. 22, 2008, now Pat. No. 8,393,934, (2013.01); HOIL 21/30625 (2013.01)
which is a continuation-in-part of application No. USPC o 438/692; 451/443; 51/297
12/168,110, filed on Jul. 5, 2008, now Pat. No. 8,398,
466, which is a continuation-in-part of application No.
11/560,817, filed on Nov. 16, 2006, now Pat. No. 7 ABSTRACT
7,762,872, which is a continuation-in-part of applica- . . .

oo CMP pad dressers having leveled tips and associated methods
ggﬁeNdo' léglfzn’zal t?éﬁ}?ioglfebé I} 7,a20(1)i6c,artlioovrvl ab;r;— are provided. In one aspect, for example, a composite condi-
12/62{; 359, filed on D i) 2009 Pg  No.7 901' tioner can include a base plate and a plurality of polishing
27) WfliCh ,is aecozltlinuzct.ior,l-in-pe,l;tlocgapjnl.icaot.ior,l No, units secured to a surface of the base plate by an adhesive
11 /éO 4,221, filed on May 16, 2007, now Pat No. layer, where each polishing unit includes a plurality of pol-
7651 3,8 6 ;vhich isa continua;ion-in-,p art of api)lica-. ishing tips secured in a binding layer. Additionally, a height
ti,0n I\}o l,l /223.786. filed on Sep. 9. 2005. now aban- difference between a first highest polishing tip and a second
doned ’ Conti ’ i . it p'f ’ i ’ i N highest polishing tip is less than or equal to about 10 um, a
lg?f? P (’) 7 470nﬁ11n 1éa 10121n-pa5 5 001 0 a(p;p 1tga 10;1 10 height difference between the first highest polishing tip and a

art o f’a l’icagonoﬁo ulg3 /Oé 401 3’ ﬁlce):I(ll lélrlllaF;%n;I: tenth highest polishing tip is less than or equal to about 20 um,
12)01 1 norv)&?aban doned ’ N e and a height difference between the first highest polishing tip

’ ’ and a 100th highest polishing tip is less than or equal to about
(60) Provisional application No. 60/976,198, filed on Sep. 40 um. Furthermore, the first highest polishing tip protrudes

28, 2007, provisional application No. 60/681,798,
filed on May 16, 2005, provisional application No.

from the binding layer to a height of greater than or equal to
about 50 um.
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COMPOSITE CONDITIONER AND
ASSOCIATED METHODS

PRIORITY DATA

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 12/726,786, filed on Mar. 18,
2010, which is a continuation-in-part of U.S. patent applica-
tion Ser. No. 12/255,823, filed Oct. 22, 2008, which is a
continuation-in-part of U.S. patent application Ser. No.
12/168,110, filed on Jul. 5, 2008, which claims the benefit of
U.S. Provisional Patent Application Ser. No. 60/976,198,
filed Sep. 28, 2007, and which is also a continuation-in-part of
U.S. patent application Ser. No. 11/560,817, filed Nov. 16,
2006, which is a continuation-in-part of U.S. patent applica-
tion Ser. No. 11/357,713, filed Feb. 17, 2006, which claims
the benefit of U.S. Provisional Patent Application Ser. No.
60/681,798, filed May 16, 2005. This application is addition-
ally a continuation-in-part of U.S. patent application Ser. No.
12/628,859, filed Dec. 1, 2009, which is a continuation of
U.S. patent application Ser. No. 11/804,221, filed May 16,
2007, which is a continuation of U.S. patent application Ser.
No. 11/223,786, filed Sep. 9, 2005. This application is also a
continuation-in-part of U.S. patent application Ser. No.
12/850,747, filed Aug. 5, 2010, which claims the benefit of
U.S. Provisional Patent Application Ser. No. 61/246,816,
filed on Sep. 29, 2009. This application is further a continu-
ation-in-part of U.S. patent application Ser. No. 13/034,213,
filed Feb. 24, 2011, which claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 61/333,162, filed on May
10,2010. Each of these applications is incorporated herein by
reference. This application also claims the benefit of Taiwan
Patent Application Serial No. 101112625, filed on Apr. 10,
2012, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] For the tiny copper circuit or the interlayer tungsten
circuit on the silicon wafer surface, even for the oxide film
dielectric layer of the insulated circuit, making the surface flat
through the planarization process to facilitate the subsequent
process steps is necessary. Currently, with the process of
manufacture integrated circuits (IC) on the semiconductor
wafer, the most outstanding planarization technology is the
chemical-mechanical planarization (CMP), which flattens a
surface by pressing the wafer grinding on a rotating polishing
pad.

[0003] The chemical-mechanical planarization is pro-
cessed by transferring the slurry in between the wafer and the
polishing pad stably and evenly to soak the polishing pad
surface with slurry which containing chemicals (for instance,
acid and oxidant) to erode the film on the wafer surface. The
myriad of nano ceramics abrasive (ex. Si02, Al203 and
Ce02) in the slurry further pierce and scrape trace film, and
simultaneously conduct chemical etching and mechanical
grinding to remove the protruding deposit layer on the wafer.
The purpose of planarization can be achieved by polishing the
wafer surface.

[0004] A conditioner, whose function is to polish pad, is a
necessary supply for chemical-mechanical planarization. The
so-called condition is directed to shaving polishing pad sur-
face and removing the waste accumulated on the polishing
pad surface to maintain the roughness of the polishing pad
surface. In addition, a conditioner could also produce tiny
uplift and compression on the surface, and it is known as the

May 1, 2014

height different of the asperities. Accordingly, the contact
area on the polishing pad would be reduced significantly.
Once the contact area becomes smaller, the contact pressure
becomes greater to make the slurry at the contact point extru-
sion the protruding part of the wafer and the chemicals (ex.
H202) in the slurry would be oxidation to soften or erode the
wafer.

[0005] However, the waste produced in the process of the
chemical-mechanical planarization, including the debris of
the wafer, ex. copper wires, tungsten filled holes, oxidation
film, slurry, abrasive and polishing pad scrap etc, the debris
usually accumulates on the polishing pad surface and is
pressed to become glaze. Once the glaze is formed, polishing
pad would become slippery and difficult to maintain grinding
power. Therefore, after polishing each wafer, itis necessary to
utilize a conditioner to achieve the grinding efficiency of the
process (ex. polishing speed) and flatness (ex. the thickness
distributed of the wafer coating) as to stabilize the wafer
quality.

[0006] However, previous diamond conditioner is usually
secured the diamond on the metal table surface by binder.
Although it is adapted for conditioning the polishing pad,
with regard to the more accurate chemical-mechanical pla-
narization process, scratch, partial dishing, erosion and thick-
ness non-uniformity of the wafer would cause easily by the
rough asperities of the polishing pad. The smaller the required
IC critical dimension, the greater the demand to the flatness of
the wafer surface, also the greater the demand to the condi-
tioner, and which can lead to previous diamond conditioner
not being able to satisty the pre-requirement of the chemical-
mechanical planarization process smaller than 45 nm.
[0007] Inaneffortto obtain a dresser with abrasive tips that
are as level as possible, it is often prudent to use diamond
abrasives of high shape regularity, and the crystal surface
coverage of this kind of crystal is quite high, otherwise, using
the crystal with low crystal surface coverage would cause an
overshooting height difference. Additionally, a diamond hav-
ing the highest polishing pad penetration ability, the so-called
killer diamond, presents no difference when compared to
other diamonds with respect to pad height. In order to meet
the demand for a smaller critical dimension, continuing
improvement of the conditioner is necessary. Using the
sharper polishing tips and maintaining the flatness of the tips
height (i.e. the difference of the polishing tips top height),
making conditioner forming the subtler and more uniform
nick on the polishing pad, and improving the removal ratio to
the polishing pad simultaneously, by this, it is efficient to
remove the hard layer and recover the asperities on the pol-
ishing pad to polish the coating on the wafer rapidly.

SUMMARY OF THE INVENTION

[0008] The present disclosure provides efficient methods,
devices, and systems of conditioning a CMP pad. In one
aspect, for example, a composite conditioner can include a
base plate and a plurality of polishing units secured to a
surface of the base plate by an adhesive layer, where each
polishing unit includes a plurality of polishing tips secured in
a binding layer. Additionally, a height difference between a
first highest polishing tip and a second highest polishing tip is
less than or equal to about 10 um, a height difference between
the first highest polishing tip and a tenth highest polishing tip
is less than or equal to about 20 um, and a height difference
between the first highest polishing tip and a 100th highest
polishing tip is less than or equal to about 40 pm. Further-
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more, the first highest polishing tip protrudes from the bind-
ing layer to a height of greater than or equal to about 50 pm.
In some aspects, at least 1% of the plurality of polishing tips
actively condition a CMP pad during a conditioning process.
In other aspects, less than 40% of the surface of the base plate
is covered with polishing units. The polishing units can be
arranged on the plate in a variety of configurations. Non-
limiting examples can include a single ring, double rings,
multi-rings, radial arrangements, spiral arrangements, and
the like.

[0009] Inanother aspect of the present disclosure, a method
of making a composite conditioner can include disposing a
second mold on a first mold, wherein the second mold
includes a plurality of holes, placing a polishing unit in each
of the plurality of holes of the second mold, where each
polishing unit includes a plurality of polishing tips secured in
a binding layer, applying an adhesive layer over the second
mold to secure the polishing units, and removing the first
mold and the second mold to form a composite conditioner.
Regarding the conditioner, a height difference between a first
highest polishing tip and a second highest polishing tip is less
than or equal to about 10 um, a height difference between the
first highest polishing tip and a tenth highest polishing tip is
less than or equal to about 20 pum, and a height difference
between the first highest polishing tip and a 100th highest
polishing tip is less than or equal to about 40 pm and the first
highest polishing tip protrudes from the binding layer to a
height of greater than or equal to about 50 um.

[0010] In yet another aspect, a process of chemical-me-
chanical planarization (CMP) can include polishing a wafer
against a rotating polishing pad and applying the conditioner
as has been described against the polishing pad to remove
debris and condition the pad.

[0011] Therehasthusbeen outlined, rather broadly, various
features of the invention so that the detailed description
thereof that follows may be better understood, and so that the
present contribution to the art may be better appreciated.
Other features of the present invention will become clearer
from the following detailed description of the invention,
taken with the accompanying claims, or may be learned by the
practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG.1Ato 1G show aflow chart of manufacturing a
composite conditioner in accordance with one embodiment
of the present invention;

[0013] FIG. 2A to 2G show a flow chart of manufacturing
the composite conditioner in accordance with one embodi-
ment of the present invention;

[0014] FIG. 2H shows a top view of a composite CMP pad
dresser in accordance with an embodiment of the present
invention;

[0015] FIG. 3 shows a comparison chart of the tip height
difference and the working granule amount of a conditioner in
accordance with one embodiment of the present invention as
compared to a prior art conditioner;

[0016] FIG. 4 shows a comparison chart of the height dif-
ference (um) and the scratch amount of the first highest point
and the second highest point of a conditioner in accordance
with one embodiment of the present invention as compared to
a prior art conditioner;
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[0017] FIG. 5 shows a comparison chart of the scratch
amount and the removal rate of a conditioner in accordance
with one embodiment of the present invention as compared to
a prior art conditioner;

[0018] FIG. 6 shows a comparison chart of the in use time
and the removing rate of a conditioner in accordance with one
embodiment of the present invention as compared to a prior
art conditioner;

[0019] FIG. 7 shows a comparison chart of the polishing
wafer amount and the removal rate of a conditioner in accor-
dance with one embodiment of the present invention as com-
pared to a prior art conditioner;

[0020] FIG. 8 shows a schematic diagram of the chemical-
mechanical planarization process in accordance with one
embodiment of the present invention; and

[0021] FIG. 9 shows a schematic diagram of polishing
granules in accordance with one embodiment of the present
invention.

[0022] It will be understood that the above figures are
merely for illustrative purposes in furthering an understand-
ing of the invention. Further, the figures are not drawn to
scale, thus dimensions, particle sizes, and other aspects may,
and generally are, exaggerated to make illustrations thereof
clearer. Therefore, departure can be made from the specific
dimensions and aspects shown in the figures in order to pro-
duce the heat spreaders of the present invention.

DETAILED DESCRIPTION

[0023] Before the present invention is disclosed and
described, it is to be understood that this invention is not
limited to the particular structures, method steps, or materials
disclosed herein, but is extended to equivalents thereof as
would be recognized by those ordinarily skilled in the rel-
evant arts. It should also be understood that terminology
employed herein is used for the purpose of describing par-
ticular embodiments only and is not intended to be limiting.
[0024] It must be noted that, as used in this specification
and the appended claims, the singular forms “a,” “an” and,
“the” include plural referents unless the context clearly dic-
tates otherwise. Thus, for example, reference to “a diamond
particle” includes one or more of such particles and reference
to “the layer” includes reference to one or more of such layers.

DEFINITIONS

[0025] Indescribing and claiming the present invention, the
following terminology will be used in accordance with the
definitions set forth below.

[0026] As used herein, the terms “conditioner” and
“dresser” can be used interchangeably, and refer to atool used
to condition or dress a pad, such as a CMP pad.

[0027] As used herein, “dressing segment” and “polishing
unit” can be used interchangeably, and refer to a dressing or
conditioning element of a CMP pad dresser. Dressing seg-
ments are utilized in the present invention to carry superabra-
sive particles having leveled tips. Thus superabrasive par-
ticles are introduced into a CMP pad dresser by the
incorporation of multiple dressing segments. It should be
noted that a variety of techniques of attaching the dressing
segments to the substrates, and a variety of techniques of
attaching the superabrasive particles to the dressing seg-
ments, are discussed herein. It is to be understood that all of
these various attachment mechanisms can be used inter-
changeably herein: that is, if a method of attaching a dressing
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segment to a substrate is discussed herein, the method of
attachment discussed can also be used to attach a superabra-
sive particles to a dressing segment. For any particular CMP
pad dresser being discussed, however, it is understood that
attachment methods of the superabrasive particles to the
dressing segments can differ from, or can be the same as, the
method used to attach the dressing segments to the pad con-
ditioner substrate.

[0028] As used herein, “superabrasive” may be used to
refer to any crystalline, or polycrystalline material, or mixture
of such materials which has a Mohr’s hardness of about 8 or
greater. In some aspects, the Mohr’s hardness may be about
9.5 or greater. Such materials include but are not limited to
diamond, polycrystalline diamond (PCD), cubic boron
nitride (cBN), polycrystalline cubic boron nitride (PcBN),
corundum and sapphire, as well as other superabrasive mate-
rials known to those skilled in the art. Superabrasive materials
may be incorporated into the present invention in a variety of
forms including particles, grits, films, layers, pieces, seg-
ments, etc. In some cases, the superabrasive materials of the
present invention are in the form of polycrystalline supera-
brasive materials, such as PCD and PcBN materials.

[0029] As used herein, “organic material” refers to a semi-
solid or solid complex or mix of organic compounds.
“Organic material layer” and “organic matrix” may be used
interchangeably, and refer to a layer or mass of a semisolid or
solid complex or mix of organic compounds, including resins,
polymers, gums, etc. The organic material can be a polymer
or copolymer formed from the polymerization of one or more
monomers. In some cases, such organic material can be adhe-
sive.

[0030] As used herein, the process of “brazing” is intended
to refer to the creation of chemical bonds between the carbon
atoms of the superabrasive particles/materials and the braze
material. Further, “chemical bond” means a covalent bond,
such as a carbide or boride bond, rather than mechanical or
weaker inter-atom attractive forces. Thus, when “brazing” is
used in connection with superabrasive particles a true chemi-
cal bond is being formed. However, when “brazing” is used in
connection with metal to metal bonding the term is used in the
more traditional sense of a metallurgical bond. Therefore,
brazing of a superabrasive segment to a tool body does not
necessarily require the presence of a carbide former.

[0031] As used herein, “particle” is as used herein in con-
nection with diamond particles, and refers to a particulate
form of diamond. Such particles may take a variety of shapes,
including round, oblong, square, euhedral, etc., can be either
single crystal or polycrystalline, and can have a number of
mesh sizes. As is known in the art, “mesh” refers to the
number of holes per unit area as in the case of U.S. meshes.
All mesh sizes referred to herein are U.S. mesh unless other-
wise indicated. Further, mesh sizes are generally understood
to indicate an average mesh size of a given collection of
particles since each particle within a particular “mesh size”
may actually vary over a small distribution of sizes.

[0032] As used herein, “sharp portion” means any narrow
portion to which a crystal or particle may come, including but
not limited to corners, apexes, ridges, edges, obelisks, and
other protrusions. In some cases, corners and/or apexes are
formed at the convergence of more than two faces of the
particle or crystal, or other body, disposed in intersecting
planes. In other aspects, edges and/or ridges may be formed at
the convergence of two or at least two faces of the particle or
crystal, or other body, disposed in intersecting planes. In
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some aspects, “sharp portion” can include a portion that is
broken, chipped, cracked, jagged, and the like. In some
aspects, degrees of sharpness can be correlated with the geo-
metric angle formed by the particle, crystal, or other body, at
the location in question. In some aspects, an angle of 90
degrees or less can be considered sharp. In other aspects, an
angle of 60 degrees or less can be considered sharp. In yet
other aspects, and angle 0f45 degrees or less, or 30 degrees or
less can be considered to be sharp.

[0033] As used herein, “peripherally located,” “peripheral
location” and the like, mean any particle of a dresser that is
located in an area that originates at the leading edge or outer
rim of a dresser and extends inwardly towards the center for
up to about 90% of the radius of the dresser. In some aspects,
the area may extend inwardly from about 20% to 90% of the
radius. In other aspects, the area may extend in to about 50%
of'the radius. In yet another aspect, the area may extend in to
about 33% of the radius of a dresser (i.e. 66% away from the
center).

[0034] As used herein, “working superabrasive particles”
are superabrasive particles that touch a CMP pad during a
dressing or conditioning procedure. This touching can
remove debris from the surface, it can deform the surface
either elastically or plastically, or it can cut the surface to
create a groove. In one specific aspect, a working superabra-
sive particle can cut deeper than about 10 microns into a CMP
pad during a dressing procedure.

[0035] As used herein, “non-working superabrasive par-
ticles” are superabrasive particles in a CMP pad dresser that
do not significantly touch the pad sufficient to remove debris
from the surface, deform the surface, cut the surface to create
a groove.

[0036] As used herein, “overly-aggressive superabrasive
particles” are superabrasive particles in a CMP pad dresser
that aggressively dress or condition a CMP pad. In one aspect,
aggressive superabrasive particles are superabrasive particles
that cut deeper than about 50 microns into a CMP pad during
a dressing procedure. In another aspect, aggressive supera-
brasive particles are superabrasive particles that remove at
least %5 of the material from the CMP pad. In yet another
aspect, aggressive superabrasive particles are superabrasive
particles that remove at least '/ of the material from the CMP
pad.

[0037] Asused herein, “indicator substrate” refers to a sub-
strate material upon which a portion of the superabrasive
particles of a CMP pad dresser can be positioned and moved
to make markings indicative of working superabrasive par-
ticles.

[0038] Asusedherein, “marking pattern” refers to a pattern
on an indicator substrate created by moving superabrasive
particles thereacross. The markings can be any detectable
marking known, including cuts, scratches, depressions, mate-
rial deposition (e.g. pigment markers, chemical markers,
fluorescent markers, radioactive markers, etc.).

[0039] As used herein, “transverse” refers to a directional
orientation that is cross-wise to a reference axis. In one
aspect, “transverse” can include a directional orientation that
is at least at a substantial right angle to the reference axis.

[0040] As used herein, “alignment orientation direction”
refers to the direction of an alignment axis of the plurality of
superabrasive particles. For example, a plurality of supera-
brasive particles aligned in a grid formation would have at
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least two alignment axes; an alignment axis in the column
direction and an alignment axis in the row direction oriented
90° to the column direction.

[0041] As used herein, “ablate” or “ablating” refer to a
process of removing a superabrasive particle from a CMP pad
dresser or reducing the projection of a superabrasive particle
thus reducing the degree of contact between the superabrasive
particle and the indicator substrate.

[0042] As used herein, “superabrasive segment” refers to a
tool body having multiple superabrasive particles associated
therewith. In some aspect, a superabrasive segment can
include superabrasive polycrystalline materials as cutting
elements.

[0043] As used herein, a “tool substrate” refers a portion of
a pad conditioner that supports abrasive materials, and to
which abrasive materials and/or superabrasive segments that
carry abrasive materials may be affixed. Substrates useful in
the present invention may of a variety of shapes, thicknesses,
or materials that are capable of supporting abrasive materials
in a manner that is sufficient to provide a pad conditioner
useful for its intended purpose. Substrates may be of a solid
material, a powdered material that becomes solid when pro-
cessed, or a flexible material. Examples of typical substrate
materials include without limitation, metals, metal alloys,
ceramics, relatively hard polymers or other organic materials,
glasses, and mixtures thereof. Further, the substrate may
include a material that aids in attaching abrasive materials to
the substrate, including, without limitation, brazing alloy
material, sintering aids and the like.

[0044] As used herein, “working end” refers to an end of a
particle which is oriented towards the CMP pad and during a
dressing operation makes contact with the pad. Most often the
working end of a particle will be distal from a substrate to
which the particle is attached.

[0045] 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 opera-
tion. For example, a superabrasive particle can have an atti-
tude that provides a specific portion of the particle in orien-
tation toward a CMP pad.

[0046] As used herein, “sintering” refers to the joining of
two or more individual particles to form a continuous solid
mass. The process of sintering involves the consolidation of
particles to at least partially eliminate voids between par-
ticles.

[0047] The term “metallic” refers to both metals and met-
alloids. Metals include those compounds typically consid-
ered metals found within the transition metals, alkali and
alkali earth metals. Examples of metals are Ag, Au, Cu, Al,
and Fe. Metalloids include specifically Si, B, Ge, Sb, As, and
Te. Metallic materials also include alloys or mixtures that
include metallic materials. Such alloys or mixtures may fur-
ther include additional additives. In the present invention,
carbide formers and carbon wetting agents may be included
as alloys or mixtures, but are not anticipated to be the only
metallic component. Examples of such carbide formers are
Sc,Y, Ti, Zr, Hf, V, Nb, Cr, Mo, Mn, Ta, W, and Tc. Examples
of carbon wetting agents are Co, Ni, Mn, and Cr.

[0048] As used herein, “infiltrating” refers to a situation
where a material is heated to its melting point and then flows
as a liquid through the interstitial voids between particles.
[0049] Asusedherein, the term “substantially” refers to the
complete or nearly complete extent or degree of an action,
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characteristic, property, state, structure, item, or result. For
example, an object that is “substantially” enclosed would
mean that the object is either completely enclosed or nearly
completely enclosed. The exact allowable degree of deviation
from absolute completeness may in some cases depend on the
specific context. However, generally speaking the nearness of
completion will be so as to have the same overall result as if
absolute and total completion were obtained.

[0050] The use of “substantially” is equally applicable
when used in a negative connotation to refer to the complete
or near complete lack of an action, characteristic, property,
state, structure, item, or result. For example, a composition
that is “substantially free of” particles would either com-
pletely lack particles, or so nearly completely lack particles
that the effect would be the same as if it completely lacked
particles. In other words, a composition that is “substantially
free of” an ingredient or element may still actually contain
such item as long as there is no measurable effect thereof.
[0051] As used herein, the term “about” is used to provide
flexibility to a numerical range endpoint by providing that a
given value may be “a little above” or “a little below” the
endpoint.

[0052] As used herein, a plurality of items, structural ele-
ments, compositional elements, and/or materials may be pre-
sented in a common list for convenience. However, these lists
should be construed as though each member of the list is
individually identified as a separate and unique member.
Thus, no individual member of such list should be construed
as a de facto equivalent of any other member of the same list
solely based on their presentation in a common group without
indications to the contrary.

[0053] Concentrations, amounts, and other numerical data
may be expressed or presented herein in a range format. It is
to be understood that such a range format is used merely for
convenience and brevity and thus should be interpreted flex-
ibly to include not only the numerical values explicitly recited
as the limits of the range, but also to include all the individual
numerical values or sub-ranges encompassed within that
range as if each numerical value and sub-range is explicitly
recited. As an illustration, a numerical range of “about 1 to
about 5 should be interpreted to include not only the explic-
itly recited values of about 1 to about 5, but also include
individual values and sub-ranges within the indicated range.
Thus, included in this numerical range are individual values
suchas 2, 3, and 4 and sub-ranges such as from 1-3, from 2-4,
and from 3-5, etc,, as well as 1, 2, 3, 4, and 5, individually.
This same principle applies to ranges reciting only one
numerical value as a minimum or a maximum. Furthermore,
such an interpretation should apply regardless of the breadth
of the range or the characteristics being described.

The Invention

[0054] One objective according to some aspects of the
present invention is to provide a composite conditioner,
which is utilizing the shape of polishing tips while maintain-
ing the distribution of tip height to avoid the over aggressive
cutting ofhighly exposed abrasives (e.g. killer diamond) so as
to improve the ratio of working polishing tips on the polishing
pad during conditioning, and to increase the removal ratio
from the wafer and the durability of the conditioner.

[0055] Inone embodiment, for example, a composite con-
ditioner can include a base plate and a plurality of polishing
units secured to a surface of the base plate by an adhesive
layer, where each polishing unit includes a plurality of pol-
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ishing tips secured in a binding layer. The height difference
between the first highest polishing tip and the second highest
polishing tip is less than or equal to about 10 pm, the height
difference between the first highest polishing tip and the tenth
highest polishing tip is less than or equal to about 20 um, and
the height difference between the first highest polishing tip
and the 100th highest polishing tip is less than or equal to
about 40 um. Furthermore, the first highest polishing tip
protrudes from the binding layer to a height of greater than or
equal to about 50 um.

[0056] Due to the fact the chemical-mechanical planariza-
tion (CMP) is directed to planar polishing, the contact distri-
bution between the high point of the wafer and the polishing
pad leads to confirm the quality (i.e. yield rate) and the effi-
ciency (i.e. production capacity) of the CMP. If the distribu-
tion of the high point of the asperities in the CMP pad is
uneven, the abrasion rate of the wafer in different parts of the
polishing pad would be different and the wafer surface may
become uneven. Furthermore, it is possible that some areas
would be over-polished to result in dishing or layer erosion; or
in some cases can result in under-polished regions producing
residuals. If within wafer non-uniformity (WIWNU) is high,
the effect of the chemical-mechanical planarization would be
not desired. Accordingly, the present disclosure provides an
enhanced conditioner based on extensive data from testing
and experiment, and especially adjusts the height of the work-
ing polishing tips by a thickness adjustable adhesive layer to
compensate for the difference of polishing units thickness
and achieve aforesaid height distribution of the highest tip to
avoid producing killer diamond and improve the ratio of the
effective working polishing tips on the polishing units.
[0057] With regard to the present invention aforesaid com-
posite conditioner the material of the thickness adjustable
adhesive layer could be any suitable organic adhesive. Each
polishing unit further comprises a unit substrate, and a bind-
ing layer is positioned between the surface of the unit sub-
strate and the polishing tips. This binding layer can be a
solder, a braze, an organic polymer, a plating layer, a sintered
layer, a resin layer, or the like. The polishing tips refer to tips,
a plurality of which are located on each polishing unit, can
achieve the polishing effect, and the tips are exposed at the
binding layer, that is, the height of the polishing tips means
the height of the polishing tips protrude over the binding layer
surface.

[0058] With regard to high-precision measurement for the
height of the polishing tips, various techniques are contem-
plated. In one aspect, for example, measurement can be
accomplished by an optical detection system such as the
surface detector manufactured by Germany FRT (Fries
Research & Technology GmbH). The surface detector detects
the height of total polishing tips (ex. more than 10000) of the
conditioner, that is, detects the height of the polishing tips
protrusion over the binding layer surface. Using the least
square method with the height data, a theorized plane may be
calculated across the tops of the polishing tips. The first
highest tip is the height of the polishing tip that protrudes over
the theorized plane to the greatest extent, the second highest
tip is the height of the polishing tip that protrudes over the
theorized plane to the second most extent, and so on.

[0059] The position of the wafer to be polished mostly
depends on the distribution of the polishing pad top, and the
distribution depends on the height of the polishing tips of the
conditioner. The conditioner can be disk-shaped (as adapted
for Applied Materials) or ring-shaped (as adapted for Ebara).
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The diameter of the disk can be about 100 mm in general, and
the diameter of the ring can be greater than 250 mm. Gener-
ally, there are tens of thousands polishing tips (e.g. diamond
particles) distributed on the conditioner, for example: the
polishing tips of 80/90 mesh, 100/120 mesh and 120/140
mesh, but the difference in size might be greater than 30%
even in the same mesh. Additionally, there can also be a
difference in size in similar polishing tips when oriented
different directions; for example, the distance between the
tips is 30% greater than that between particle planes, and if the
shape of the polishing tips is not regular, the difference would
be greater.

[0060] Therefore, the present invention regulates the pol-
ishing particles such that the height difference between the
first highest polishing tip and the second highest polishing tip
is less than or equal to about 10 um, the height difference
between the first highest polishing tip and the tenth highest
polishing tip is less than or equal to about 20 um, and the
height difference between the first highest polishing tip and
the 100th highest polishing tip is less than or equal to about 40
um, and the first highest polishing tip protrudes from the
binding layer to a height of greater than or equal to about 50
um to ensure that there are sufficient working tips in the
conditioner to achieve effective polishing of the IC wafer
surface rapidly and uniformly. Additionally, it should be
noted that the first highest tip and the second highest tip might
be located in different polishing units or at the same polishing
unit, similar with the other polishing tips; in another words,
the tip distribution is not centralized at single polishing unit.

[0061] With respect to the aforesaid composite conditioner,
the particles of the polishing tips can be any superabrasive
material, including, without limitation, artificial or natural
diamond, polycrystalline diamond (PCD), cubic boron
nitride (CBN), poly crystal cubic boron nitride (PCBN), or a
combination thereof. In some aspects, particle size can be in
the range from about 100 pm to about 500 pm. The aforesaid
diamond can be deposition diamond, polycrystalline dia-
mond or the combination thereof. Additionally, there is no
restriction to the material of the base plate, for example, resin,
metal, alloy, plastic, rubber, ceramics, glass or the combina-
tion thereof (examples include the admixture between resin
and alloy).

[0062] Additionally, in some cases diamond is formed by
transforming graphite with iron-nickel alloy at high pressure
(ex. 5 GPa), thus leaving iron-nickel inclusion inside. The
alloy can transform the diamond back to the graphite or
carbon at high temperature, and the volume will increase
substantially to often split the diamond. Thus, diamond
secured to the diamond disk by brazing can be problematic in
these cases where high temperature of the braze can cause the
diamond to split. In the CMP process, such fractured diamond
tips may crumble along the micro-fracture surface, releasing
diamond chips that can scratch the wafer. In some aspects, an
electromagnetic separator can be used to separate diamond
particles having excessive metal inclusions. In some aspects,
it can be beneficial to choose a low melting point solder for
attaching the diamond particles to the polishing units.

[0063] In the present invention, when choosing the solder
as the material of the binding layer, the solder layer could
comprise greater than about 1 weight percentage of at least
one of Cr, B, P, Ti and alloys thereof, and greater than about 50
weight percentage of at least one of Ni, Cu and alloys thereof.
The Cr, B, P, Ti etc. can be used for activating the solder layer.

EX1060, Page 69

Page 16 of 22 PagelD



Case 1:20-cv-00247-RGA-JLH Document 20-5

Filed 07/27/20

#. 224

US 2014/0120724 Al

Specifically, the solder can be is Ni—Cr—B, Ni—Cr—P, or
Cu—Sn—Ti alloy, where the melting point is between about
800° C. and about 1000° C.

[0064] Additionally, each polishing unit can further selec-
tively include a metal cover layer which covers on the surface
of'the binding layer, and the material of the metal cover layer
can be at least one of Ni, Cr, Pd, Co, Pt, Au, Ti, Cu, W and
alloys thereof to further adhere the polishing tips on the unit
substrate of the polishing unit. Furthermore, each polishing
unit further selectively comprises a protective layer which is
thin inert material and covers on the surface of the metal cover
layer, and the material of the protective layer is metal such as
Pd, Pt, or non-metal as silicon carbide, silicon nitride, alumi-
num nitride, alumina, zirconia, diamond-like carbon (DLC),
organic film (as Teflon) or a combination thereof to avoid the
solder be eroded by the polishing slurry (ex. pH=3 tungsten
process slurry).

[0065] Generally, the height of the diamond tips will deter-
mine the power pressed into the polishing pad but the sharp-
ness will affect the depth of the diamond penetration into the
polishing pad. In general, when the diamond gets sharper, the
polishing pad deformation of elasticity and plasticity will be
smaller, and the depth of cut is greater. Because the diamond
abrasive formed on the conditioner surface is different in
shape and direction, the top hundred-height diamond could
contact the polishing pad. If the diamond is regular in shape
and in symmetry, the angle will be obtuse and may be difficult
to pierce into the polishing pad, and the diamond will push
onto the polishing pad surface and form protruding plastic
deformation from two sides; on the other hand, if the diamond
has a sharp surface, which if not regular in shape, it may
pierce into the polishing pad, cut the polishing pad surface
and remove the waste simultaneously.

[0066] Therefore, with regard to the aforesaid composite
conditioner of the present invention, the crystal surface cov-
erage of more than 50% of the top 100 height polishing tips
are less than 80%, and the preferred is less than 50%.
[0067] In some aspects, the highest 100 diamond tips may
dress or condition less than 50% of a CMP pad. In other
words, the 100 highest diamond tips perform less than 50% of
the overall dressing workload. In some aspects, the workload
is less than 80% of the overall dressing workload. In addi-
tional aspects, the 10 highest tips may dress or condition less
than 50% of the CMP pad. Again, in this respect, the 10
highest diamond tips perform less than 50% of the overall
dressing workload. In some aspects, the workload is less than
80%. Conversely described, the diamond particles in the
dresser outside of the highest 100 or 10 may perform more
than 50% of the overall dressing workload. In some aspects,
the overall workload may be more than 80%.

[0068] As the crystal surface coverage of the polishing tips
becomes lower that those polishing tips have more crack
surface (sharp surface) and the polishing tips of the polishing
unit working surface comprises corners and ridges, have more
ridges with the angle less than 45° (means the angle of the two
crystal surface which form the ridge), or have more angle less
than 90°, therefore have higher removal ratio for the polishing
pad.

[0069] Referring now to FIG. 9, the schematic diagram to
polish abrasive, wherein A, E and S respectively points to
corner, ridge and surface, wherein S, is the crystal surface, A
is the angle of the crystal surface, S, is the crack surface and
A, is the angle of at least one crack surface. From this, A and
A, are two different angle, A, is greater than 90° (obtuse
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angle) and A, is less than 90° (acute angle), means that when
using A, as polishing tips, the removal efficiency is greater
than A,.

[0070] Thepolishingtips can be arranged in a pattern on the
unit substrate or the polishing tips form a plurality of clusters
and the clusters are arranged in a pattern on the unit substrate,
where each the cluster is composed of two to six polishing
tips.

[0071] Additionally, the polishing units can be arranged on
the base plate as single ring, double rings, multi-rings, radial
or spiral in shape and it could be disk in shape, blade in shape
or polygon. If the polishing units are disk in shape, the diam-
eter is in the range of 5 mm to 30 mm. The diameter in the
range of 14 mm to 18 mm is preferred. The base plate also
could be disk in shape and the diameter is in the range of 80
mm to 120 mm. It also could secure the polishing unit on the
ring substrate, which is 250 mm to 270 mm in diameter, for
actual use. Additionally, if the polishing unit with a disk shape
is positioned at an inner surface, the polishing unit on the
inner surface can be obstructed by the outer polishing units
when conditioning the polishing pad, so that the inner polish-
ing unit may not function well. Therefore, the polishing units
can be arranged at the outer edge of the disk-shape base plate
surface, it could create a fringe effect on a outer edge during
the CMP process, such that it will increase the working
amount of the polishing units, and the CMP process is
adapted to apply for the nanometer process of 18 inch wafer
or 22 nm wire.

[0072] In the aforesaid composite conditioner of the
present invention, the spacing between the polishing units is
not less than 0.1 mm, a spacing of greater than 0.5 mm is
preferred, so it could be sure that in the CMP process, the
slurry could flow favorably along the spacing between the
polishing units and would not remain inside due to defect as
the scratch to the wafer. Besides, the thickness of the binding
layer of the polishing unit’s bottom is in the range less than
0.6 mm so that it could fully adjust the polishing tips of each
polishing unit to the same plane to increase the amount of the
diamonds efficiently.

[0073] Formerly, the height difference of the tips is too big
so that the amount of the tips utilized by traditional condi-
tioner (comprising the tips piercing into polishing pad) is less
than 1% of the tips total amount and the diamond coverage
area of traditional conditioner is over 40%; on the other hand,
in the aforesaid composite conditioner of the present inven-
tion, the amount of the polishing tips used for conditioning a
polishing pad is more than 1% of the total polishing tips;
besides, the area of the polishing units covering the base plate
is less than 40% of the total area of the base plate surface to
achieve the best remove ratio.

[0074] It is another objective of the present invention to
provide a manufacture method of a composite conditioner,
wherein using the polishing unit with sharp polishing tips,
through the inversion method, setting the top several tips of
each polishing unit as standard plane, adjusting the thickness
of'the binding material under each polishing unit to secure on
the substrate so that the top several tips of the polishing units
would not protrude to form the destructive “killer diamond”.
Using coplanar to make the highest point of each polishing
unit achieve common height could also improve the ratio of
working polishing tips, further to improve the removal ratio
and durability of the conditioner.

[0075] As such, another embodiment of the present inven-
tion provides a manufacture method of a composite condi-
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tioner, including the following steps: installing a second mold
ona first mold, wherein the second mold comprises a plurality
of holes; installing a polishing unit in each the hole of the
second mold, wherein each the polishing unit comprises a
plurality of polishing tips and a binding layer securing the
polishing tips; forming a thickness adjustable adhesive layer
to secure the polishing units on a base plate; and removing the
first mold and the second mold to form a composite condi-
tioner, wherein the height difference between a first and a
second highest tip, between the first and a tenth highest tip,
and between the first and a 100th highest tip protruding from
apredetermined plane is respectively less than 10 um, 20 pm,
and 40 pum, and the height of the first highest tip protruding the
binding layer is greater than 50 pm.

[0076] Generally, diamond conditioner is made by additive
manufacturing method, that is, arranging in flat the diamond
abrasive (like matrix distribution) on the plane substrate (as
stainless steel No. 316). Obtaining a diamond conditioner or
tool with diamond particles having a height difference of the
diamond top of single conditioner surface of about 50 um or
less is difficult using know methods of securing the diamond
abrasive such as electroplating with nickel or by brazing with
an alloy, which suffers from curdling and gripping due to
surface tensions when the braze is liquified. The former dia-
mond surface is usually upward and the latter tips or the ridge
usually protrude, and the diamonds with surface upward
pierce into the polishing pad with difficultly and the diamond
with tips or the ridge cut the polishing pad more easily. In
contrast, the present invention can utilize electroplating first
to form polishing units, combines organic flexible material
and compensates a plurality of polishing units to arrange the
polishing units at the base plate, it not only has the advantage
of brazing but also could avoid the disadvantage thereof.
Therefore, when the diamond conditioner is conditioning the
polishing pad, the protrusion diamond top could contact and
pierce into the polishing pad without having the polishing tips
protruding too much, so piercing into the polishing pad too
deep may increase the height difference between the asperi-
ties and therefore preventing the outstanding asperities from
dipping too much slurry, and ultimately leading to the nano
particle of the slurry to penetrate excessively into the wafer
surface to produce over-polishing, and even scratching the
wafer.

[0077] With the aforesaid manufacture method of a com-
posite conditioner of the present invention, the thickness
adjustable adhesive layer could be formed after using another
plate to leveling the top tips of the polishing units, or after
forming the thickness adjustable adhesive layer before the
thickness adjustable adhesive layer solidified using the base
plate to leveling the top tips of the polishing units.

[0078] The thickness adjustable adhesive layer could be
composed by the organic adhesive, for example: a plastic
material, a rubber material, a hot melt adhesive or the com-
bination thereof; besides, the holes of the second mold are
arranged at the second mold outer. Specifically, the holes of
the second mold are arranged at the outer ring of the second
mold as 12 holes. Additionally, with the composite condi-
tioner, the polishing units also could be arranged at inner or
outer ring, and the smaller the polishing units are, the more
the amount of the working granules when polishing, but the
cost of manufacturing will be higher, so manufacturing the
conditioner with appropriate amount of polishing units could
balance the effect and cost.
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[0079] With the aforesaid manufacture method of a com-
posite conditioner of the present invention, before the second
mold set on the first mold, further comprising: forming a
temporary adhesive layer on the first mold surface and setting
the second mold on the temporary adhesive layer to fold the
temporary adhesive layer between the second mold and the
first mold, and after removing the second mold, further com-
prising: removing the temporary adhesive layer. With a pre-
ferred embodiment of the present invention, the temporary
adhesive layer is a double-sided tape.

[0080] In another preferred embodiment of the present
invention, a side of the polishing units has the polishing tips,
and the thickness adjustable adhesive layer is set on the oppo-
site side, and the polishing units set at the holes contact the
first mold through the polishing tips. Besides, after removing
the first mold and the second mold, further comprising: form-
ing a mold sealing glue layer to secure the polishing units.
From the above, it is possible to make the polishing units
arranged orderly on the same plane by adding pressure at the
side having the polishing tips of the polishing units.

[0081] With the aforesaid manufacture method of a com-
posite conditioner of the present invention, further selectively
comprising: after removing the first mold, moving the second
mold. That is, the conditioner might comprise the second
mold.

[0082] It is another object of the present invention to pro-
vide a chemical-mechanical planaization (CMP) process,
wherein sharp polishing tips may be used while the planarity
of the working surface is maintained and the ratio of the
effective working polishing tips on the polishing units is
improved, and the removing rate and durability are increased.

[0083] To achieve aforesaid object, another embodiment of
the present invention provides a process of chemical-me-
chanical planaization, including the following steps: provid-
ing a polishing pad; installing a wafer on the surface of the
polishing pad to polish the polishing pad with each other; and
using a conditioner, which is installed on the surface of the
polishing pad and removing the scrap of the polished wafer,
wherein the conditioner is the aforesaid composite condi-
tioner of the present invention.

[0084] The Moore’s law states that the amount of the tran-
sistor in the same size in the same wafer will double every 18
months because of the improvement of the process technol-
ogy and improved speed of the wafer executing computing. In
accordance with the continuing improvement suggested by
the Moore’s law, the critical dimension of integrated circuit
(IC) gradually exceeds the limit of 32 nm, however, the bottle-
neck that is occurring now is that the it is current state of art of
the chemical-mechanical process is difficult to surpass, so the
process could not enter a stage for finer critical dimension. In
other hand, because we utilize the improved conditioner in
the chemical-mechanical planaization process of the present
invention, we could use the diameter of the wafer in 200 mm,
300 mm or 450 mm in the chemical-mechanical planaization
process of the present invention, and the wafer surface having
the IC critical dimension is smaller than or equal to 45 nm, 28
nm, or 22 nm. Therefore, if the related technology utilizes the
technology of the present invention, for example applying the
chemical-mechanical planaization process of the present
invention for manufacturing logic device, DRAM, flash
memory or hard drive, the speed of the each aforesaid device
executing computing will improve as postulated by the
Moore’s law.
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[0085] Generally speaking, because diamond sizes differ in
great variety, shape and direction, and the random distance of
the high point, the plough of the polishing pad and the cut
manner are multifarious and which leads to uneven height of
the conditioned polishing pad and then leads to difficult con-
trolling the high point position of the wafer contacting, the
area and the pressure of each contact point, and result the high
variability to the polishing rate and the uniformity. When the
wafer varies greatly (8 inch to 12 inch even to 18 inch in the
future), the variability to the polishing rate and the uniformity
will become higher, and the quality and the efficiency of the
chemical-mechanical planaization process will become
lower. Not only that, when the critical dimension becomes
more and more narrow (45 nm to 32 nm even to 22 nm in the
future), the high point of the polishing pad gets broken more
easily. When the electric circuit becomes narrow, the dielec-
tric materials therebetween have to be hollower to avoid leak-
age, but the hollow dielectric layer is weak, so the contact
pressure of the chemical-mechanical planaization process has
to weaken, but lowered contact pressure will cause the speed
of polishing wafer become lower and the poor productivity.
[0086] Currently, the diamond conditioner usually adopts
the method of adding diamond on the plane to manufacture,
for the reason that the top height is difficult to control.
Besides, under the high temperature manufacturing (as braz-
ing), the substrates will distort to make the top height more
irregular, and significantly decrease the working granule
amount, and even lead to tens of thousands of diamond on the
conditioner, but there are only several hundred of working
granule. Because the diamond conditioner adopts addition
(flattening by the top which has diamond abrasive presses
thereon) to manufacture, the size, shape and direction of the
diamond are difficult to control, and the diamond amount,
position and piercing depth are also difficult to control, cause
the predictability of the chemical-mechanical planaization
process effect to greatly reduce. Although it strictly controls
the flatness, diamond shape, etc. of the conditioner substrate
in industry, but the improving effect is not enough.

[0087] In view that the top of the diamond is not easy to be
regular, the present invention adopts a method of reversed
composite, and manufactures the diamond polishing units
first, and inverts the diamond polishing units on a plane to
make each of the polishing tips regular. At this time, set a
thickness adjustable adhesive layer at the contrary side of the
polishing tips, and finally irrigate the mold sealing glue layer
in (as resin) to secure all polishing units. As the aforesaid
manufacturing method could avoid the “killer diamond” that
is common on the diamond dish, that is, the stand up protru-
sion diamond. If the “killer diamond” is too sharp, it may
pierce into the polishing pad too deep and pull to fracture, and
then form the “killer asperities” on the polishing pad surface
to cause the wafer scratch.

[0088] The following explains the implemented method of
the present invention by specific concrete embodiment, and a
skilled person in this art could easily understand other advan-
tage and effect of the present invention through the content
disclosed by the specification. The present invention also
could be implemented and applied by other different concrete
embodiment, and the detail of the present invention also could
base on different view and apply for various decorations and
changing without deviating the spirit of the present invention,
[0089] The drawings in the embodiment of the present
invention are simplified schematic diagram. But the drawings
only illustrate the components about the present invention,
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and the illustrated components are not the example when
actually implement. The components amount, shape and ratio
are s selective design when actually implement, and the com-
ponents layout patterns might be more complicated.

[0090] References FIG. 1A to 1G, are the flow charts of
manufacturing the composite conditioner.

[0091] First of all, as shown in FIG. 1A, it provides a first
mold10, and first mold10 has an opening101. Then, as FIG.
1B illustrates, it forms a temporary adhesive layer11 on open-
ing101 surface of first mold10, and then sets a second mold12
on temporary adhesive layerll surface to make second
mold12 position in opening101 of first mold10, so temporary
adhesive layer11 is between second mold12 and first mold10,
wherein second mold12 has a plurality of holes121. In this
preparation, temporary adhesive layerll is a double-sided
tape.

[0092] As shown in FIGS. 1C and 1G, it sets a polishing
unit20 in each holes121 of second mold12, wherein each
polishing unit20 comprises a plurality of polishing gran-
ules22 (each polishing granules22 at least has a polishing
tip221), aunit substrate21 and a binding layer213 set between
unit substrate21 surface and polishing tips221. Polishing
units20 are made by general brazing, which simply explains
as follow: spot-weld the solder sheet (BNi,) at unit sub-
strate21 with 20 mm in diameter, 4 mm in thickness, and then
arrange the polishing granules (as diamond granules) on the
solder sheet which is coated with viscose through the tem-
plate, and then put those into the vacuum furnace exhaust to
about 5 torr to 10 torr, and heating to not more than 1020° C.
with 12 min last (during this the viscose is volatilized), and
the solder melts to liquid and welds the diamond granules.
[0093] Because the diamond is originally positioned on a
fixed solder material, when the solder melting to form as the
liquid, the carbide elements (Cr) therein will diffuse to the
diamond surface. So the solder will pull sink the diamonds
with capillary power and climb the diamond surface to form
a gradient. The diamonds will stick the solder sheet surface
with plane originally, but now the rotation in the liquid will
make the sharp corners up.

[0094] Then, as shown in FIGS. 1D and 1E, flatten polish-
ing units20 by a base plate24, and fill in a thickness adjustable
adhesive layer23 to secure polishing units20. Then, as shown
in FIG. 1F, remove first mold10, temporary adhesive layerll
and second mold12 to form a composite conditioner2.
[0095] Composite conditioner2 comprises: a base plate24;
a plurality of polishing units20 placed on a surface of base
plate24, and each polishing unit20 including a plurality of
polishing tips221 and a thickness adjustable adhesive layer23
which used to secure polishing units20 on the surface of base
plate24, wherein, with polishing tips221, the height differ-
ence between a first and a second highest tip, between the first
and a tenth highest tip, and between the first and a one hun-
dredth highest tip protruding from a predetermined plane is
respectively less than 10 pm, 20 um, and 40 um, and the
height of the first highest tip protruding the binding layer213
is greater than 50 pm.

[0096] Referring now to FIG. 1G, it is an enlarged sche-
matic of the polishing units of the present invention. Each
polishing unit 20 comprises a plurality of polishing gran-
ules22 (each polishing granules22 at least has a polishing
tip221), a unit substrate21, a binding layer213 set between
unit substrate21 surface and polishing tips221, a metal cover
layer212 covering on binding layer213 surface and a protec-
tive layer211 covering on metal cover layer212 surface.
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[0097] Binding layer213 could be a solder layer, a plating
layer, a sintering layer or a resin layer. Ifitis a solder layer, the
solder layer comprises greater than 1 weight percentage
selected at least one from the group consisting of: Cr, B, P, Ti
and the alloy thereof, and greater than 50 weight percentage
selected at least one from the group consisting of: Ni, Cuand
the alloy thereof.

[0098] Metal cover layer212 could be formed by plating,
the material of the metal cover layer is selected at least one
from the group consisting of: Ni, Cr, Pd, Co, Pt, Au, Ti, Cu, W
and the alloy thereof; the material of the protective layer211
is Pd, Pt, silicon carbide, aluminum nitride, alumina, zirconia,
diamond-like carbon (DLC) or the combination thereof.
[0099] Reference to FIG. 2A to 2G, these are the flow chart
of manufacturing the composite conditioner.

[0100] Firstofall, as showninFIG.2A, itprovides a second
mold12, and second mold12 has 12 holes121, and these holes
are arranged at the outer of second mold12. Then, as shown in
FIG. 2B, it set second mold12 on a first mold12 surface.
[0101] As shown in FIG. 2C, set a polishing unit20 in each
holes121 of second mold12, wherein the working surface (the
surface having polishing tips) of second mold12 faces to first
mold12 surface. In this preparation, polishing unit20 is simi-
lar to said in preparationl. Then, as shown in FIG. 2D, it glues
on the contrary side of the polishing tips of each polishing
units20 to form a thickness adjustable adhesive layer23.
Then, as shown in FIG. 2E, with a base plate24 presses on
thickness adjustable adhesive layer23, wherein base plate24
has anotch to make base plate24 be an inverted U-shaped, and
the inverted U-shaped base plate24 presses thickness adjust-
able adhesive layer23 by the notch.

[0102] Asshown in FIG. 2F, it removes first mold10. Then,
as shown in FIG. 2G, it inverts the structure of FIG. 2F, that
removing second mold12, forming a mold sealing glue
layer25, strengthening polishing unit20 and securing base
plate24 forms a composite conditioner.

[0103] Although the polishing units made by the brazing
might yield the killer diamond, but with the aforesaid method
of the present invention, it could combine and use different
polishing units having similar height killer diamond, and
flatten the polishing tips, so the height of the killer diamond is
close to that of the diamond tips on other polishing units.
[0104] Referring now to FIG. 3, it illustrates the composite
conditioner manufactured by aforesaid preparation2 (em-
bodimentl, wherein the crystal cover ratio of the chosen
diamond granules is 60% to 80%, that is PDA 878 manufac-
tured by Element Six), the composite conditioner manufac-
tured by conventional ceramic sintering (comparisonl) and
the composite conditioner manufactured by the brazing
(comparison2), the comparison diagram of the tips height and
working granules amount of the three conditioners. As shown
in FIG. 3, when polishing, the present invention conditioner
in embodiment] has 60 to 70 working granules at the height
different about 10 um; in contrast, comparisonl and compari-
son2 need more tips height difference to provide more work-
ing granules amount, even the conditioner in comparisonl, it
needs the height difference of the polishing granules more
than 40 pum to provide more than 100 working granules
amount. From this, the actual working polishing granules
amount for the same height difference, the present invention
conditioner is far more than the prior art conditioner.

[0105] Reference to FIG. 4 and FIG. 5, it illustrates the
composite conditioner manufactured by aforesaid prepara-
tion2 (embodimentl, wherein the crystal cover ratio of the
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chosen diamond granules is 60% to 80%, that is PDA 878
manufactured by Element Six; embodiment2, wherein the
crystal cover ratio of the chosen diamond granules is 40% to
60%, that is PDA 657 manufactured by Element Six), and the
composite conditioner manufactured by the brazing (com-
parison2), the comparison diagram of the height difference of
the first high point and the second high point to the scratch
amount, and the scratch amount to the removing rate of the
three conditioners.

[0106] As shown in FIG. 4, with the present invention con-
ditioner in embodiment] and embodiment2, when the height
difference of the first high point and the second high point is
about 0 mm, the polishing scratch amount is between 100 to
150 scratches, that means the quality of the conditioner in
embodiment] and embodiment2 are fine, and the quality
stability is nice when polishing; in contrast, with the condi-
tioner in comparison2, the high point difference of the pol-
ishing granules is scattered mixed, and the polishing scratch
amount is less than between 50 to 150 scratches, that means
the quality of the conditioner in comparison2 is scattered
mixed, and the quality stability is bad when polishing. On the
other hand, as shown in FIG. 5, the polishing removing rate of
the present invention conditioner in embodiment2 is about
250 pm to 300 um per hour, and the scratch amount is about
100 to 150 scratches, the polishing removing rate of the
present invention conditioner in embodimentl is about 150
pm to 200 um per hour, and the scratch amount is about 125
to 150 scratches, that means the present invention conditioner
in embodiment] and embodiment2 are high stability and is
easy for quality control; in contrast, the polishing removing
rate of the conditioner in comparison2 is about 125 um to 225
um per hour, and the scratch amount is about 50 to 75
scratches, that means the conditioner in comparison2 has low
scratch amount and is unstable in quality.

[0107] Referring next to FIG. 6, it illustrates the composite
conditioner manufactured by aforesaid preparation2 (em-
bodimentl and embodiment2), the composite conditioner
manufactured by the brazing (comparison2) and the compos-
ite conditioner manufactured by the plating (comparison3),
the comparison diagram of the using time to the removing rate
of'the four conditioners. As shown in FIG. 6, when polishing,
the removing rate of the present invention conditioner in
embodiment]l and embodiment2 decrease slowly with the
longer using time, that means the present invention condi-
tioner has the fastest conditioning rate and the longest dura-
bility cause of controlling the nice planeness; in contrast, the
removing rate of the conditioner in comparison2 is unstable
and then lead the problem in quality controlling, and the
removing rate of the conditioner in comparison3 is bad, it
cannot saving the polishing process time and cost.

[0108] Reference to FIG. 7 illustrates the composite con-
ditioner manufactured by aforesaid preparation2 (embodi-
ment2), the composite conditioner manufactured by the braz-
ing (comparison?2), the comparison diagram of the polishing
wafer amount to the removing rate of the two conditioners. As
shown in FIG. 7, in contrast to the comparison2, the present
invention conditioner in embodiment2 could use in the
chemical-mechanical planaization process to achieve polish-
ing more wafer amount.

[0109] Referring to FIG. 8, it is a schematic diagram of the
chemical-mechanical planaization (CMP) process. As shown
in FIG. 8, generally, set a wafer4 on a polishing padé surface,
and provide the polishing slurry by pipeline8 to polish pol-
ishing pad6é with each other, and set a conditioner2 at an
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another margin portion of polishing padé surface to remove
the scrap after the wafer polished, wherein, the conditioner
herein could use the conditioner manufactured by aforesaid
preparation of the present invention.

[0110] From of all, recently, with convention whole piece
brazing diamond conditioner, the highest polishing tip is usu-
ally higher than the second highest one in more than 20 pm,
and the top 10 highest polishing granules protrusion only
under 10 mm; in contrast, with the aforesaid method of the
present invention, manufactured the composite conditioner
by inverting uniform head method to make the difference of
the highest polishing tip to the second highest one in less than
10 um, therefore, it could improve the ratio of the effective
working polishing tips on the polishing units, removing rate
and durability.

[0111] Of course, it is to be understood that the above-
described arrangements are only illustrative of the application
of the principles of the present invention. Numerous modifi-
cations and alternative arrangements may be devised by those
skilled in the art without departing from the spirit and scope of
the present invention and the appended claims are intended to
cover such modifications and arrangements. Thus, while the
present invention has been described above with particularity
and detail in connection with what is presently deemed to be
the most practical and preferred embodiments of the inven-
tion, it will be apparent to those of ordinary skill in the art that
numerous modifications, including, but not limited to, varia-
tions in size, materials, shape, form, function and manner of
operation, assembly and use may be made without departing
from the principles and concepts set forth herein.

What is claimed is:

1. A composite conditioner comprising:

a base plate; and

aplurality of polishing units secured to a surface of the base

plate by an adhesive layer, each polishing unit including
a plurality of polishing tips secured in a binding layer,
wherein a height difference between a first highest pol-
ishing tip and a second highest polishing tip is less than
or equal to about 10 um, a height difference between the
first highest polishing tip and a tenth highest polishing
tip is less than or equal to about 20 um, and a height
difference between the first highest polishing tip and a
100th highest polishing tip is less than or equal to about
40 um, and the first highest polishing tip protrudes from
the binding layer to a height of greater than or equal to
about 50 um.

2. The composite conditioner of claim 1, wherein at least
1% of' the plurality of polishing tips actively condition a CMP
pad during a conditioning process.

3. The composite conditioner of claim 1, wherein less than
40% of the surface of the base plate is covered with polishing
units.

4. The composite conditioner of claim 1, wherein the pol-
ishing units are arranged on the base plate in an arrangement
selected from the group consisting of a single ring, double
rings, multi-rings, radial arrangements, and spiral arrange-
ments.

5. The composite conditioner of claim 1, wherein at least
one thousand polishing tips of the plurality of polishing tips
condition a polishing pad during a conditioning process.

6. The composite conditioner of claim 1, wherein the plu-
rality of polishing tips include diamond, cubic boron nitride,
or a combination thereof.

10
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7. The composite conditioner of claim 6, wherein the plu-
rality of polishing tips include diamond, and the diamond is
deposition diamond, polycrystalline diamond, or a combina-
tion thereof.

8. The composite conditioner of claim 1, wherein the crys-
tal surface coverage of more than 50% of the top 100 height
polishing tips are less than 80%.

9. The composite conditioner of claim 8, wherein the crys-
tal surface coverage of more than 50% of the top 100 height
polishing tips are less than 50%.

10. The composite conditioner of claim 1, wherein each
polishing unit further includes a polishing unit substrate upon
which the plurality of polishing tips are secured with the
binding layer.

11. The composite conditioner of claim 1, wherein the
binding layer is selected from the group consisting of a solder
layer, a plating layer, a sintering layer, and a resin layer.

12. The composite conditioner of claim 11, wherein each
polishing unit further comprises a metal cover layer that
covers the binding layer, wherein the metal cover layer
includes at least one material selected from the group con-
sisting of Ni, Cr, Pd, Co, Pt, Au, Ti, Cu, W, and alloys thereof.

13. The composite conditioner of claim 12, wherein each
polishing unit further comprises a protective layer covering
the metal cover layer, wherein the protective layer includes a
material selected from the group consisting of Pd, Pt, silicon
carbide, aluminum nitride, alumina, zirconia, diamond-like
carbon (DLC), and combinations thereof.

14. The composite conditioner of claim 11, wherein bind-
ing layer is a solder layer comprising 1 wt % or more of a first
material selected from the group consisting of Cr, B, P, Ti, or
an alloy thereof, or 50 tw % or more of a second material
selected from the group consisting of Ni, Cu, or an alloy
thereof, or 1 tw % or more of the first material and 50 wt % or
more of the second material.

15. The composite conditioner of claim 1, wherein the
polishing units are disc-shaped, radial-shaped, or polygon-
shaped.

16. The composite conditioner of claim 15, wherein the
polishing units are disc-shaped having a diameter of from
about 5 mm to about 30 mm.

17. The composite conditioner of claim 1, wherein the base
plate is disc-shaped having a diameter of from about 80 mm
to about 120 mm.

18. The composite conditioner of claim 1, wherein the
polishing tips have a particle size of from about 100 um to
about 500 pm.

19. The composite conditioner of claim 1, wherein the
adhesive layer is an organic adhesive.

20. The composite conditioner of claim 1, wherein the
polishing tips are arranged in a predetermined pattern on the
polishing unit substrate.

21. The composite conditioner of claim 1, wherein the
polishing units are spaced no closer than about 0.1 mm.

22. The composite conditioner of claim 21, wherein the
polishing units are spaced at least 0.5 mm apart.

23. The composite conditioner of claim 1, wherein the
adhesive layer between the base plate and the polishing units
has a thickness of less than or equal to about 0.6 mm.

24. A method of making a composite conditioner, compris-
ing:

disposing a second mold on a first mold, wherein the sec-

ond mold includes a plurality of holes;
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placing a polishing unit in each of the plurality of holes of 26. The method of claim 25, wherein the polishing tips
the second mold, each polishing unit including a plural- contact the first mold such that the polishing unit are leveled
ity of polishing tips secured in a binding layer; across the first mold.

27. The method of claim 26, wherein the holes of the
second mold are arranged around an outer periphery of the
second mold.

applying an adhesive layer over the second mold to secure
the polishing units; and

removing the first mold and the second mold to form a 28. A process of chemical-mechanical planarization
composite conditioner wherein a height difference (CMP), including the following steps:
between a first highest polishing tip and a second highest polishing a wafer against a rotating polishing pad; and
polishing tip is less than or equal to about 10 um, a height applying the conditioner of claim 1 against the polishing
difference between the first highest polishing tip and a pad to remove debris and condition the pad.
tenth highest polishing tip is less than or equal to about 29. The process of claim 28, wherein the diameter of the
20 pum, and a height difference between the first highest wafer is 200 mm, 300 mm, or 450 mm.
polishing tip and a 100th highest polishing tip is less than 30. The process of claim 28, wherein a surface of the wafer
orequal to about 40 wm and the first highest polishing tip has an IC critical dimension of less than or equal to 45 nm.
protrudes from the binding layer to a height of greater 31. The process of claim 30, wherein a surface of the wafer
than or equal to about 50 um. has an IC critical dimension of less than or equal to 28 nm.

32. The process of claim 28, wherein the surface of the
wafer has an IC critical dimension of less than or equal to 22
nm.

25. The method of claim 24, wherein placing the polishing
unit in the plurality of holes of the second mold further com-
prises orienting the polishing units such that the polishing tips
face the first mold. ¥k k% %
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(54) Title of Invention

COMPOSITE CONDITIONER AND METHOD FOR MANUFACTURING THE SAME
AND CMP APPLICATION THEREOF

(57) Abstract

A composite conditioner includes: a base plate; a plurality of polishing units placed on
the base plate and each polishing unit including a bonding layer and a plurality of polishing
tips that are bonded in plane by the bonding layer; and an adhesive layer of which thickness
is adjustable and used to secure the polishing units on the base plate, wherein a height
difference between the first and second highest tips, between the first and tenth highest tips,
and between the first and 100" highest tips among the polishing tips based on a
predetermined plane is respectively less than 10 um, 20 pm, and 40 um, and the protrusion
height of the first highest tip above the bonding layer is greater than 50 um. The present
invention also relates to a method for manufacturing the conditioner and application thereof.
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I.  Title of the Invention: (Chinese/English)
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COMPOSITE CONDITIONER AND METHOD FOR MANUFACTURING THE SAME
AND CMP APPLICATION THEREOF

I1. Abstract of the Invention in Chinese:
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I1l.  Abstract of the Invention in English:

A composite conditioner includes: a base plate; a plurality of polishing units placed on
the base plate and each polishing unit including a bonding layer and a plurality of polishing
tips that are bonded in plane by the bonding layer; and an adhesive layer of which thickness
is adjustable and used to secure the polishing units on the base plate, wherein a height
difference between the first and second highest tips, between the first and tenth highest tips,
and between the first and 100th highest tips among the polishing tips based on a
predetermined plane is respectively less than 10 um, 20 um, and 40 um, and the protrusion
height of the first highest tip above the bonding layer is greater than 50 pm. The present
invention also relates to a method for manufacturing the conditioner and application thereof.
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IV. Designated Representative Image:
0] Designated representative image of the present application: FIG. (3).
(1) Description of reference signs of components in the representative image:

No

V. If there are chemical formulae in the present application, please reveal the

chemical formula that best shows the characteristics of the invention:

|_NOJ
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VI. Invention Specification:
[TECHNICAL FIELD]

The present invention relates to a composite conditioner, a method for manufacturing
the same and a chemical-mechanical planarization (CMP) process using the same,
particularly to a composite conditioner suitable for planarization of semiconductor wafer
surface, a method for manufacturing the same and a chemical-mechanical planarization

(CMP) process using the same.

[PRIOR ART]

The oxide film dielectric layers of the copper circuits or interlayer tungsten circuits,
even insulation circuits on the silicon wafer surface all must be surface-flattened through a
planarization process to facilitate subsequent process steps. At present, in the process of
manufacturing Interconnected Circuits (ICs) on semiconductor wafers, the most
eye-catching planarization technology is chemical-mechanical planarization (CMP), in
which the wafer is pressed on a rotating polishing pad to polish and flatten its surface.

In the CMP process, slurry is stably and evenly delivered between the wafer and the
polishing pad, so that the surface of the polishing pad is impregnated with the slurry. The
slurry contains chemical agents (such as acid and oxidizer) to erode the thin film on the
wafer surface, and the slurry also contains countless nano-ceramic (such as SiO, Al>Oz and
Ce0») abrasive particles, which can cut into and scrape away micro-films and at the same
time, perform chemical etching and mechanical grinding to remove the protruding
deposited layer on the chip, thereby polishing the surface of the wafer and achieving the

purpose of planarization.

Conditioner is a necessary consumable for CMP, and its function is to condition the
polishing pad. The so-called conditioning includes shaving the surface of the polishing pad
and removing the waste accumulated on the surface of the polishing pad, thereby
maintaining the surface roughness of the polishing pad. Further, the conditioner can also
generate a small quantity of bumps and depressions on the surface, which are the height
differences of so-called asperities, so that the contacted and pressed area of the polishing
pad can be reduced significantly. The smaller the contact area is, the greater the contact
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pressure will be so that the slurry at the contact points can squeeze the protruding parts of
the wafer, and the chemical agent (such as H203) in the slurry will be oxidized to soften or

corrode the wafer.

However, the waste generated in the CMP process, including abrasive dust of wafers,
such as copper wires, tungsten pore fillings, oxide films, slurry, abrasive particles, and
polishing pad debris, will typically be accumulated on the surface of the polishing pad and
squeezed into a glaze. Once the glaze is formed, the polishing pad will become slippery and
can hardly maintain a polishing force. Therefore, it is often necessary to use a conditioner to
polish each wafer to achieve the polishing efficiency (e.g., polishing speed) and flatness
(e.g., the thickness distribution of the wafer coating) of the process, thereby stabilizing the

quality of the wafers.

However, the prior art diamond conditioner typically secures diamond particles on the
surface of a metal tray with a bonding agent. Although it is suitable for conditioning the
polishing pad, for more precise CMP processes, such as CMP processes with a line width of
less than 45 nm, it is more liable to scratches, local dishing, erosion and thickness
non-uniformity of the wafers due to rough asperities of the polishing pad. The requirements
for line width of IC are declining, while the demand for wafer surface flatness rises, and the
requirements for the conditioner increase, too, making the prior art diamond conditioner

unable to meet the advanced requirements for the CMP processes of below 45 nm.

For this purpose, the prior patent publication TW 201038362 Al and TW 201100198
disclose a composite conditioner and manufacturing method thereof respectively, wherein
the sharp angles of the polishing tips of polishing units in various sizes, shapes and materials
cut into a polishing pad, then pressure is applied to the other side of the polishing units and
resin is filled to secure the polishing units so that the height difference between polishing tip

apexes of the polishing units is within 20 um.

However, the polishing tips used in the foregoing patent application need to use
diamond abrasive particles with high shape regularity, and the crystal surface coverage rate
of such crystal form is very high (for example, more than 50% of the surface is crystal
growth surface). Otherwise, when sharp diamonds with a low crystal surface coverage rate
are used, an excessive height difference will be caused. Further, the diamond that cuts into

the polishing pad the deepest, the so-called “killer diamond”, has no standard for the
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difference in height from the top pads of other diamonds. In order to meet the process
requirements of a smaller line width, it is necessary to continuously improve the conditioner
so that when sharper polishing tips are used, the flatness of the sharp angle heights (e.g., the
height difference of the sharp angles of the polishing tips) can still be maintained, and the
conditioner can form finer and more uniform scores on the polishing pad, and at the same
time raises the removal rate of the polishing pad. Only in this way, can the glaze be
effectively removed, the asperities on the polishing pad be restored and the coating on the

wafer be polished quickly.

[SUMMARY OF THE INVENTION]

A main object of the present invention is to provide a composite conditioner, wherein
sharp polishing tips are used, and can still maintain tip height distribution and avoid
existence of “killer diamonds”, thereby raising the ratio of polishing tips that work
effectively on the polishing units, and increasing the wafer removal rate and conditioner

service life.

To achieve the foregoing object, one example of the present invention provides a
composite conditioner, comprising: a base plate; a plurality of polishing units placed on the
base plate and each polishing unit including a bonding layer and a plurality of polishing tips
that are bonded by the bonding layer (which can be made of metal, ceramics or resin); and
an adhesive layer of which thickness is adjustable and used to secure the polishing units on
the base plate, wherein a height difference between the first and second highest tips,
between the first and tenth highest tips, and between the first and 100" highest tips based on
a predetermined plane is respectively less than 10 um, 20 um, and 40 pum, and the protrusion

height of the first highest tip above the bonding layer is greater than 50 pm.

As CMP is plane polishing, the contact distribution between the highest tips of the
wafer and the highest tips of the polishing pad determines the quality (e.g., yield) and
efficiency (e.g., capacity) of CMP. If the highest tips of the asperities of the polishing pad
are not uniformly distributed, the removal rate of different parts of the wafer will be
different, and the surface of the wafer will not be flat. What is more, the polishing may be
excessive at some locations, causing dishing in the same layer or erosion in multiple layers;
or, polishing is inadequate at some locations, causing residue. If the wafer thickness is not

6
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uniform after polishing (Within Wafer Non-Uniformity or WIWUU), the CMP effect will
be unobvious. For this reason, the present invention modified the conditioner based on the
data of many tests and experiments, particularly adjusted the heights of working polishing
tips through an adhesive layer of which thickness is adjustable to compensate the difference
in thickness of the polishing units, thereby achieving the foregoing height distribution of the
highest tips, avoiding generation of killer diamonds and raising the ratio of effectively

working polishing tips on the polishing units.

In the foregoing composite conditioner of the present invention, the material of the
adhesive layer of which thickness is adjustable can be an organic adhesive. Each polishing
unit may further comprise a unit substrate, and the bonding layer is arranged between the
surface of the unit substrate and the polishing tips, and for example can be a solder layer, an
electroplated layer, a sintered layer, or a resin layer. The foregoing polishing tips refer to
terminal points that can achieve a polishing effect on abrasive particles contained in a
plurality of polishing units, and are exposed to the bonding layer, in other words, the heights
of polishing tips refer to the protrusion heights of the polishing tips above the bonding layer.

The heights of the polishing tips can be measured with an optical detection system,
such as a surface detector produced by German FRT (Fries Research & Technology GmbH),
which measures the heights of all polishing tips of the conditioner (more than 10,000 for
example), i.e., the protrusion heights of the polishing tips above the bonding layer. Then
from the obtained height data, the least square method is used to calculate an assumed plane
constituted by sharp angles of the polishing tips. This assumed plane is the foregoing
predetermined plane. The first highest tip refers to the height of the one of the polishing tips
that protrudes the most from the predetermined plane, the second highest tip refers to the
height of the one of the polishing tips that protrudes the second most from the predetermined

plane, and the same goes for other highest tips.

The polishing positions of the wafer mostly depend on the distribution of the apexes
of the polishing pad, which is determined by the heights of the polishing tips of the
conditioner. The conditioner can be disc-shaped (applicable to Applied Materials machine
for example) or ring-shaped (applicable to Ebara machine for example). The diameter of the
disc is generally about 100 mm, while the ring can be as large as 250 mm or more. Typically,
tens of thousands of polishing tips (e.g., diamond particles) are distributed on the
conditioner, polishing tips of 80/90 mesh, 100/120 mesh, or 120/140 mesh for example, but

7
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the difference in average size even under the same mesh may still be greater than 30%.
Further, the size of the same polishing tip varies remarkably in different directions. For
example, the distance between tips will be up to 30% larger than that between planes, and if

the shape of the polishing tips is irregular, the difference will be even larger.

Therefore, the present invention adjusts the used abrasive particles so that the height
difference between the first and second highest tips, between the first and tenth highest tips,
and between the first and 100" highest tips among the polishing tips is less than 10 pm, 20
um, and 40 um, and the protrusion height of the first highest tip above the bonding layer is
greater than 50 um to ensure the conditioner has numerous working tips, thereby achieving
an effect of rapid and uniform removal of the thin film on the IC wafer surface. Further, it
should be noted that the first highest tip and the second highest tip can be scattered in
different polishing units or in the same polishing unit, so are other highest tips; in other

words, the distribution of the highest tips is not concentrated in a single polishing unit.

In the foregoing composite conditioner of the present invention, the material of the
polishing tips can be man-made or natural diamond, polycrystalline diamond (PCD), cubic
boron nitride (CBN), polycrystalline cubic boron nitride (PCBN) or a combination thereof,
and the particle size of the polishing tips can be in the range of 100 to 500 um. The
foregoing diamond can be chemically deposited diamond, polycrystalline diamond, or a
combination thereof. Further, there is no special limitation to the material of the base plate.
For example, it can be pure resin, metal, alloy, plastics, rubber, ceramics, glass or a

combination thereof (e.g., a mixture of resin and metal).

Further, because the diamond is typically converted from graphite under the catalysis
of iron-nickel alloy at a high pressure (e.g., 5GPa), it contains molten iron-nickel inclusion.
The alloy catalyzes the diamond back into graphite or carbon at high temperature, during
which the volume will increase substantially to burst the diamond. If the diamonds are
secured on a diamond disc by brazing, many diamonds will burst due to the high process
temperature, the diamond tips that cut deep into the polishing pad in the CMP process may
be disintegrated along the microcrack surface, and the diamond debris may scratch
expensive wafers. In view of this, diamonds containing much inclusion are often separated
by magnetic separator. Even so, more or less residual iron-nickel alloy is still contained in
the diamonds. If there are undetectable cracks inside the diamonds, the diamonds may be
broken and disintegrated with debris in the CMP process, causing scratches of the wafer. In

8
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view of this, high temperature brazing should choose a solder with a lower melting point.

In the present invention, when a solder is used as the material of the bonding layer, the
solder layer may contain more than 1wt% of at least one selected from a group consisting of
Cr, B, P, Ti and alloy thereof, more than 50wt% of at least one selected from a group
consisting of Ni, Cu and alloy thereof, or a combination thereof, wherein materials such as
Cr, B, P and Ti are used to activate the solder layer. Specifically, the solder is typically
Ni-Cr-B, Ni-Cr-P, or Cu-Sn-Ti alloy, with a melting point (Solidus) of 800°C to 1,000°C.

Further, each polishing unit optionally further comprises: a metal covering layer,
which covers the surface of the bonding layer and of which material is at least one selected
from a group consisting of Ni, Cr, Pd, Co, Pt, Au, Ti, Cu, W and alloy thereof, so that the
polishing tips are more stably attached to the unit substrate of the polishing unit. Further,
each polishing unit optionally further comprises: a protective layer, which is a thin-layer
inert material and covers the surface of the metal covering layer, and of which material may
be a metal material such as Pd or Pt, or a nonmetal material such as a ceramic film (e.g.,
silicon carbide, silicon nitride, aluminum nitride, aluminum oxide and zirconia),
diamond-like carbon (DLC) film, organic film (e.g. Teflon) or a combination thereof, to

avoid the erosion of the solder by the polishing slurry (e.g., pH=3 tungsten process slurry).

Generally speaking, the height of the apex of the diamond determines the strength of
pressing into the polishing pad, but its sharpness affects the cutting depth. Typically, the
sharper the diamond is, the smaller the elastic and plastic deformation of the polishing pad
will be, and the greater the depth of shaving will be. Because the diamond abrasive particles
formed on the surface of the conditioner have different shapes and various directions,
generally only the highest hundreds of them can come into contact with the polishing pad. If
the shape of the diamond is regular and symmetric, it will be at an obtuse angle and will not
cut into the polishing pad easily, but will push the surface of the polishing pad, forming
bulging plastic deformation on both sides; on the contrary, if the diamond has a broken
surface, e.g., an irregular shape, it may cut into the polishing pad, shave the surface of the

polishing pad, and meanwhile remove waste.

Therefore, in the foregoing composite conditioner of the present invention, of the 100
highest polishing tips, more than 50% have a crystal surface coverage rate of less than 80%,

preferably a crystal surface coverage rate of less than 50%. When the crystal surface
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coverage rate of the polishing tips is lower, it means that the polishing tips have more
broken surfaces (i.e., sharp surfaces), and it also means that the polishing tips on the
working surface of the polishing units contain sharp angles and ridges, a majority of the
ridges have an included angle of less than 45 degrees (i.e., the angle between the two crystal
surfaces that constitute a ridge), or a majority of the sharp angles are in a state of less than 90
degrees, so the removal rate is high to the polishing pad. Refer to FIG. 9, which is a
schematic view of an abrasive particle, where A, E, and S represent a sharp angle, a ridge
and a surface respectively, Si is a crystal surface, Az is an included angle between crystal
surfaces, Sy is a broken surface, and A: is an included angle formed by at least one broken
surface. It can be seen that A; and A, are two different sharp angles. The angle of A1 is
greater than 90 degrees (i.e., an obtuse angle), and the angle of A is less than 90 degrees
(i.e., an acute angle), which means that when Az is used as a polishing tip, its removal
efficiency will be greater than that of Ax.

The polishing tips can be patterned and arranged on the unit substrate, or the polishing
tips form a plurality of clusters, and the clusters are patterned and arranged on the unit

substrate. For example, each cluster is composed of two to six polishing tips.

Further, the polishing units can be arranged in a single circle, double circles, multiple
circles, a radial shape or a spiral shape on the base plate, and can be disc-shaped,
blade-shaped or polygonal. If the polishing units are disc-shaped, their diameter is in the
range of 5 to 30 mm, preferably not more than 20 mm. The base plate can also be
disc-shaped and its diameter is in the range of 80 to 120 mm, and alternatively, the polishing
units can be fixed on a ring-shaped substrate of 250 to 270 mm. Further, if the disc-shaped
polishing units are located inside, they are often blocked by the external polishing units
during conditioning of the polishing pad, making it difficult to play an effect. Therefore,
preferably, the polishing units can be arranged on the outer periphery of the surface of the
disc-shaped base plate to produce a cliff effect of periphery conditioning in the CMP
process, which will increase the number of working particles and is suitable for the CMP

process to be applied to an 18-inch wafer or 22-nanometer process.

In the foregoing composite conditioner of the present invention, the space between the
polishing units is not less than 0.1 mm, preferably greater than 0.5 mm, so as to ensure that
the slurry can smoothly enter and exit the gaps between the polishing units in the CMP
process and will not remain in them, causing defects, such as scratches on the chip. Further,

10
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the thickness of the adhesive layer on the bottom surface of the polishing units is in the
range of below 0.6 mm, so that the polishing tips of each polishing unit can be fully adjusted

to the same plane to effectively increase the number of working diamond particles.

It is known that due to the large difference in tip height, the number of tips used by a
conventional conditioner (and the number of tips cutting into the polishing pad) accounts for
less than 1% of the total number of tips, and the diamond coverage area of the conventional
conditioner exceeds 40% of the total; on the contrary, in the foregoing composite
conditioner of the present invention, the polishing tips used to condition a polishing pad can
account for above 1% of all polishing tips; further, the area of the base plate covered by the
polishing units can account for less than 40% of the total area of the surface of the base plate,
so that the best removal rate can be achieved while reducing costs.

Another object of the present invention is to provide a method for manufacturing a
composite conditioner, wherein polishing units with sharp polishing tips are used, a couple
of the highest tips of each polishing unit are used as a plane reference by the inversion
method, and the thickness of the adhesive material under each polishing unit is adjusted
before fixation onto the substrate, so that a couple of the highest tips on the polishing unit
will not protrude very much and form destructive “killer diamonds”. The use of a co-plane
forces the highest tips of each polishing unit to reach a common height and can also increase
the ratio of polishing tips that work effectively, thereby increasing the removal efficiency

and service life of the conditioner.

In order to achieve the foregoing object, another example of the present invention
provides a method for manufacturing a composite conditioner, comprising the following
steps: arranging a second mold on a first mold, wherein the second mold has a plurality of
orifices; arranging a polishing unit in each orifice of the second mold, wherein each
polishing unit comprises a bonding layer and a plurality of polishing tips that are bonded by
the bonding layer; forming an adhesive layer of which thickness is adjustable and used to
secure the polishing units on the base plate; and removing the first mold and the second
mold to form a composite conditioner, wherein a height difference between the first and
second highest tips, between the first and tenth highest tips, and between the first and 100"
highest tips based on a predetermined plane is respectively less than 10 um, 20 um, and 40
um, and the protrusion height of the first highest tip above the bonding layer is greater than
50 pm.

11
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A general diamond conditioner is manufactured by the additive method, that is, the
diamond abrasive particles are arranged flatwise (e.g., matrix distribution) on a flat
substrate (e.g., stainless steel 316). According to the prior art, the height difference of
diamond apexes on a single conditioner surface is typically more than 50 pm and the
diamond abrasive particles can be secured by electroplating (EDD) and nickel, or by brazing
(BDD) to retain them by solidifying molten alloy. The diamond plane of the former is
typically upward, while the tips or ridges of the latter are often more prominent, and the
diamonds with the plane facing upwards cannot cut into the polishing pad easily, and the
diamonds with tips or ridges can shave the polishing pad more easily. In comparison, the
present invention first uses the brazing method to form polishing units, and then uses an
organic elastic material to bond and compensate a plurality of polishing units to arrange the
polishing units on a base plate, so in addition to the advantages of the brazing method, it can
also avoid its shortcomings, and make the formed conditioner have the highest tips of the
same height. Therefore, when the diamond conditioner is conditioning the polishing pad,
the protruding diamond apexes can contact and cut into the polishing pad, but there will be
no overly protruding polishing tips, so no polishing tips will cut into the polishing pad too
deep, resulting in excessive height difference between asperities, thereby avoiding
asperities “as if big frogs in a small pond” being smeared with too much slurry, which
causes the nano abrasive particles in the slurry to excessively cut into the surface of the

wafer, resulting in excessive polishing, and even scratching of the wafer.

In the method for manufacturing the foregoing composite conditioner of the present
invention, the adhesive layer of which thickness is adjustable can be formed after the
highest tips of the polishing units are leveled with another flat plate, or after forming the
adhesive layer with adjustable thickness, or before the adhesive layer of which thickness is

adjustable is cured, the base plate is used to level the highest tips of the polishing units.

The adhesive layer of which thickness is adjustable can be composed of an organic
adhesive, for example, a plastic material, a rubber material, a hot melt adhesive or a
combination thereof; further, the orifices of the second mold are arranged on the outer ring
of the second mold, thereby setting the positions of the polishing units on the outer ring of
the base plate. Specifically, the orifices of the second mold are formed with the outer ring of
the second mold, for example, 12 orifices. In addition, in the composite conditioner, the
polishing units can also be arranged on the inner and outer rings, and generally, the smaller
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the area of the polishing units is, the larger the number of working particles will be during
polishing, but the manufacturing cost will be higher, so making a conditioner with an

appropriate number of polishing units can balance effect and cost.

In the method for manufacturing the foregoing composite conditioner of the present
invention, prior to arranging the second mold on the first mold, the following steps are
further comprised: forming a temporary adhesive layer on the surface of the first mold, and
arranging the second mold on the surface of the temporary adhesive layer, so that the
temporary adhesive layer is sandwiched between the second mold and the first mold, and
after removing the second mold, the following steps are further comprised: removing the
temporary adhesive layer. In a preferred embodiment of the present invention, the
temporary adhesive layer is a double-sided adhesive tape.

In an alternative preferred embodiment of the present invention, one side of the
polishing units has the polishing tips, and the adhesive layer of which thickness is adjustable
is arranged on the opposite side of the side, and the polishing units arranged in the orifices
are in contact with the first mold by means of the polishing tips. Further, after removing the
second mold and the first mold, the following steps are further comprised: forming a mold
sealing layer to secure the polishing units. It can be seen from the above that by pressing the
polishing units on the side with the polishing tips, the polishing units are flatly arranged on

the same plane.

The method for manufacturing the foregoing composite conditioner of the present
invention may optionally further comprise the following steps: removing the second mold
after removing the first mold. In other words, it means that the conditioner may comprise a

second mold.

A further object of the present invention is to provide a CMP (chemical-mechanical
Planarization) process, wherein sharp polishing tips are used, and can still maintain the
planarity of the working surface, thereby raising the ratio of polishing tips that work

efficiently on the polishing units, and increasing the removal rate and service life.

In order to achieve the foregoing object, a further example of the present invention
provides a CMP process, comprising the following steps: providing a polishing pad; placing
a wafer on the surface of the polishing pad and polishing the wafer and the polishing pad
with each other; and using a conditioner arranged on the surface of the polishing pad to
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remove debris after polishing of the wafer, wherein the conditioner is the foregoing

composite conditioner of the present invention.

The Moore’s law mentions that the number of transistors accommodated on the same
chip of a single size will be doubled every eighteen months due to the improvement of the
process technology, thereby increasing the speed of operation performed by the chip. Owing
to the continuous progress as mentioned in the Moore’s Law, the line width and line
distance of integrated circuits (1Cs) also gradually break through the limit of 32 nanometers.
However, it also faces the difficulty for CMP process to overcome the bottleneck, so it is
impossible to enter a process of even smaller line width and line distance. On the contrary,
as the foregoing CMP process of the present invention uses a modified conditioner, the
CMP process of the present invention can use a wafer with a diameter of 200 mm, 300 mm
or 450 mm, and the line width of ICs on the surface of the wafer can be smaller than or equal
to 45 nm, 28 nm or 22 nm. Therefore, if the technology of the present invention is adopted in
the related technologies, for example, the CMP process of the present invention is applied to
the production of logic devices, dynamic random access memories (DRAMs), caches (flash
memories) or hard drives, it will improve the operation execution speed of the foregoing

devices as described in the Moore's Law.

[DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS]

Generally speaking, as the diamonds differ in size, shape and direction and the
distance of the highest tips is random, the ploughing and shaving forms of the polishing pad
are diverse, resulting in uneven heights of the polishing pad after conditioning, which makes
it difficult to control the positions of the highest tips in contact with the wafer, and the area
and pressure of each contact point, so that the polishing rate and uniformity of the CMP
process have extremely high variability. When the wafer changes greatly (such as 8 inches
to 12 inches or even 18 inches in the future), the variability of polishing rate and uniformity
will be enlarged, reducing the quality and efficiency of the CMP process. More than that,
when the wire width becomes narrower (e.g., 45 nm to 32 nm or even 22 nm in the future),
the highest tips of the polishing pad are more likely to cause damage. When the circuits
become narrower, the dielectric material between them must be more hollow to avoid

electric leakage, but the hollow dielectric layer becomes fragile, so the contact pressure of
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the CMP process needs to be even smaller, but after the contact pressure is adjusted down, it

will lead to a reduced polishing speed of the wafer, resulting in poor productivity.

The current diamond conditioner is typically manufactured by a method of planar
addition of diamonds, so it is difficult to control the heights of apexes. Further, under high
temperature manufacturing (e.g., brazing), the substrate is distorted and deformed, which
makes the heights of the diamond apexes more uneven, and also greatly reduces the number
of working particles, to only a few hundred though there are tens of thousands of diamonds

on the conditioner.

Because the diamond conditioner is manufactured by the additive method (pressing
and leveling from the top with diamond abrasive particles), it is difficult to control the size,
shape and direction of the diamonds and the number, position and cutting depth of the
diamonds on the working surface are also elusive, significantly reducing the predictability
of the effect of the CMP process. Although the industry continues to strictly control the
flatness of the conditioner substrate and the shape of the diamonds, the improvement effect

is limited.

Considering that it is difficult to make the heights of the diamond apexes even, the
present invention adopts the method of reverse combination. Diamond polishing units are
manufactured at first, and then are placed upside down on a plane so that the polishing tips
are flush. Now, an adhesive layer of which thickness is adjustable is placed on the opposite
side of the polishing tips, and finally a mold sealing layer (e.g., resin) is injected to secure all
the polishing units. Such inverse and flush manufacturing method can avoid “Killer
Diamonds” that often exist on the diamond disc - i.e., the protruding diamonds like big frogs
in a small pond. If the Diamond Killer is too sharp, it can easily cut into the polishing pad
deeply and therefore is pulled apart, thereby forming Killer Asperities on the surface of the

polishing pad, causing scratches and damage of the wafer.

Below the implementation manner of the present invention is described by referring to
specific embodiments. Those skilled in the art can easily understand other advantages and
effects of the present invention from the content disclosed in the Description. Alternatively,
the present invention can be implemented or applied through other different specific
embodiments, and various modifications and changes can be made to the details of the
Description based on different views and application under the precondition of not
departing from the spirit of the present invention.
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The figures in the embodiments of the present invention are all simplified schematic
views. However, these reference signs only display the components related to the present
invention, and the components displayed are not examples of actual implementation. The
number, shape and other proportions of the components during actual implementation are a

selective design, and the layout type of the components may be more complex.

Preparation Example 1

FIG. 1A to FIG. 1G are schematic views of a flow for manufacturing a composite

conditioner.

Firstly, as shown in FIG. 1A, a first mold 10 is provided, which has an opening 101.
Then, as shown in FIG. 1B, a temporary adhesive layer 11 is formed on the surface of the
opening 101 of the first mold 10, and then a second mold 12 is arranged on the surface of the
temporary adhesive layer 11, so that the second mold 12 is arranged inside the opening 101
of the first mold 10. Therefore, the temporary adhesive layer 11 is sandwiched between the
second mold 12 and the first mold 10, wherein the second mold 12 has a plurality of orifices
121. In this preparation example, the temporary adhesive layer 11 is a double-sided

adhesive tape.

As shown in FIG. 1C and FIG. 1G, a polishing unit 20 is arranged in each orifice 121
of the second mold 12, wherein each polishing unit 20 comprises a plurality of abrasive
particles 22 (each abrasive particle 22 has at least one polishing tip 221), a unit substrate 21
and a bonding layer 213 arranged between the surface of the unit substrate 21 and the
polishing tips 221. These polishing units 20 are manufactured by a common brazing method,
and the manufacturing method is briefly described as follows: spot weld a solder pad (BNiz)
on a unit substrate 21 with a diameter of 20 mm and a thickness of 4 mm, and then use a
template to arrange approximately 150 pm abrasive particles (e.g., diamond particles) on
the solder pad coated with adhesive, and then put it in a vacuum furnace for vacuumizing to
a vacuum degree of about 5 to 10 torr, and heat it to maximum temperature of 1,020°C and
maintain this temperature for 12 minutes (in this period, the adhesive has been evaporated)

to melt the solder of the solder pad into a liquid to weld the diamond particles firmly.

As the diamonds are originally located on the fixing solder, when the solder is melted
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to form a liquid, the carbide elements (e.g., Cr) in the solder will diffuse to the diamond
surface. As a result, the solder will sink the diamonds by capillary force, and will also climb
up to the diamond surface under the capillary force to form a slope. The diamonds were
originally stuck to the surface of the solder pad on a flat surface, but now because the
diamonds rotate in the liquid, their sharp angles often face upward.

Then, as shown in FIG. 1D and FIG. 1E, the polishing units 20 are leveled with a base
plate 24, and an adhesive layer 23 of which thickness is adjustable is filled in to secure the
polishing units 20. Then, as shown in FIG. 1F, the first mold 10, the temporary adhesive

layer 11, and the second mold 12 are removed to form a composite conditioner 2.

The composite conditioner 2 includes: a base plate 24; a plurality of polishing units 20
placed on the base plate 24 and each polishing unit 20 including a plurality of polishing tips
221; and an adhesive layer 23 of which thickness is adjustable and used to secure the
polishing units 20 on the base plate 24, wherein a height difference between the first and
second highest tips, between the first and tenth highest tips, and between the first and 100th
highest tips among the polishing tips 221 based on a predetermined plane is respectively
less than 10 um, 20 um, and 40 um, and the protrusion height of the first highest tip above
the bonding layer 213 is greater than 50 um.

FIG. 1G is an enlarged view of the polishing units of the present invention. Each
polishing unit 20 comprises a plurality of abrasive particles 22 (each abrasive particle has at
least one polishing tip 221), a unit substrate 21, a bonding layer 213 arranged between the
surface of the unit substrate 21 and the polishing tips 221, a metal covering layer 212
covering the surface of the bonding layer 213, and a protective layer 211 covering the

surface of the metal covering layer 212.

The bonding layer 213 can be a solder layer, an electroplated layer, a sintered layer, or
a resin layer. If the bonding layer 213 is the solder layer, it contains more than 1 wt% of at
least one selected from a group consisting of Cr, B, P, Ti and alloy thereof, more than 50 wt%
of at least one selected from a group consisting of Ni, Cu and alloy thereof, or a combination
thereof.

The metal covering layer 212 can be formed by means of electroplating, and its
material may be at least one selected from a group consisting of Ni, Cr, Pd, Co, Pt, Au, Ti,
Cu, W and alloy thereof; the material of the protective layer 211 can be Pd, Pt, silicon
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carbide, aluminum nitride, aluminum oxide, zirconia, diamond-like carbon (DLC) or a

combination thereof.

Preparation Example 2

FIG. 2A to FIG. 2G are schematic views of a flow for manufacturing a composite

conditioner.

Firstly, as shown in FIG. 2A, a second mold 12 is provided, which has 12 orifices 121,
arranged on the outer ring of the second mold 12. Then, as shown in FIG. 2B, the second
mold 12 is arranged on the surface of a first mold 10.

As shown in FIG. 2C, a polishing unit 20 is arranged in each orifice 121 of the second
mold 12, wherein the working surface of the polishing unit 20 (the surface having polishing
tips) faces the surface of the first mold 10. In this preparation example, the polishing units
20 are as similarly described in preparation example 1. Then, as shown in FIG. 2D, adhesive
is dispensed on a side opposite to the polishing tips of each polishing unit 20 to form an
adhesive layer 23 of which thickness is adjustable. Then, as shown in FIG. 2E, a base plate
24 presses flatly on the adhesive layer 23 of which thickness is adjustable, wherein the base

plate 24 has a groove, which makes the base plate 24 in a “| ] shape, and the groove of the

base plate 24 flatly presses the adhesive layer 23 of which thickness is adjustable.

As shown in FIG. 2F, remove the first mold 10. Then, as shown in FIG. 2G, inverse
the structure shown in FIG. 2F, remove the second mold 12 and form a mold sealing layer
25, reinforce the polishing units 20 and secure them to the base plate 24 to form a composite

conditioner.

Although the polishing units manufactured by the brazing method may have killer
diamonds, different polishing units with killer diamonds of similar heights can be used in
combination with the foregoing method of the present invention to make the polishing tips
flush. Therefore, the heights of the killer diamonds are close to the heights of other

protruding diamond tips on the polishing units.

Test Example
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FIG. 3 is a comparison diagram of tip height difference and the number of working
particles among the composite conditioner manufactured in the foregoing preparation
example 2 (Embodiment 1, wherein the crystal surface coverage rate of the diamond
particles used is approximately 60% to 80%, i.e., PDA 878 manufactured by Element Six), a
conditioner manufactured by the prior art ceramic sintering method (comparative example 1)
and the conditioner manufactured by the brazing method (comparative example 2). From
FIG. 3, it can be known that during polishing, there are 60 to 70 working particles on the
conditioner provided in Embodiment 1 of the present invention when the height difference
is about 10 um; in comparison, comparative example 1 and comparative example 2 require a
larger tip height difference in order to provide more working particles, and even on the
conditioner provided in comparative example 1, more than 40 um of height difference of
abrasive particles is required to obtain more than 100 working particles. Thus, it can be seen
that within the same height difference, the conditioner provided by the present invention
actually has a much higher number of working abrasive particles than the prior art

conditioners do.

FIG. 4 and FIG. 5 respectively show a comparison diagram of the height difference
between the first highest tip and the second highest tip (um) and number of scratches, and a
comparison diagram of number of scratches and removal rate among the composite
conditioner manufactured in the foregoing preparation example 2 (Embodiment 1, wherein
the crystal surface coverage rate of the diamond particles used is approximately 60% to 80%,
i.e., PDA 878 manufactured by Element Six; Embodiment 2, wherein the crystal surface
coverage rate of the diamond particles used is approximately 40% to 60%, i.e., PDA 657
manufactured by Element Six) and the conditioner manufactured by the brazing method

(comparative example 2).

From FIG. 4, it can be known that for the conditioners provided in Embodiments 1 &
2 of the present invention, when the height difference between the first highest tip and the
second highest tip is approximately 0 um, the number of scratches after polishing is 100 to
150, which means that the conditioners provided in Embodiments 1 & 2 have good quality
and the quality is stable during polishing; on the contrary, for the conditioner provided in
comparative example 2, the highest tips of abrasive particles are uneven and the number of
scratches is only less than 50 to less than 100, which means the conditioner provided in
comparative example 2 has uneven quality, and the quality is not stable during polishing.
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In a further aspect, from FIG. 5, it can be known that the conditioners provided in
Embodiment 2 of the present invention have a polishing removal rate of approximately
250 to 300 um per hour, and approximately 100 to 150 scratches, and the conditioners
provided in Embodiment 1 of the present invention have a polishing removal rate of
approximately 150 to 200 um per hour, and approximately 125 to 150 scratches, which
means the conditioners provided in Embodiments 1 & 2 of the present invention are highly
stable and their quality can be easily controlled; on the contrary, the conditioner provided
in comparative example 2 has a polishing removal rate of approximately 125 to 225 um per
hour, and approximately 50 to 75 scratches, which means the conditioner provided in

comparative example 2 not only has fewer scratches but also has unstable quality.

FIG. 6 shows a comparison diagram of conditioner service time and removal rate
among the composite conditioners manufactured in the foregoing preparation example 2
(Embodiment 1 and Embodiment 2), the conditioner manufactured by the prior art brazing
method (comparative example 2) and the conditioner manufactured by the prior art
electroplating method (comparative example 3). From FIG. 6, it can be known that for the
conditioners provided in Embodiments 1 & 2 of the present invention, during polishing, the
removal rate decreases slowly with the increase of service time, which means the
conditioners provided by the present invention have the fastest conditioning rate and the
longest service life due to well-controlled flatness; on the contrary, the removal rate of the
conditioner provided in comparative example 2 fluctuates and is unstable, thereby causing a
problem in quality control, while the removal rate of the conditioner provided in

comparative example 3 is poor, and cannot save the time and cost of the polishing process.

FIG. 7 is a comparison diagram of the number of polished wafers and removal rate
between the composite conditioner manufactured in the foregoing preparation example 2
(Embodiment 2) and the conditioner manufactured by the brazing method (comparative
example 2). From FIG. 7, it can be known that compared with comparative example 2, the
conditioner provided in Embodiment 2 of the present invention can be used in the CMP

process to polish more wafers.

Application Example
FIG. 8 is a schematic view of CMP (chemical-mechanical planarization) process. As
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shown in FIG. 8, generally a wafer 4 is placed on the surface of the polishing pad 6, and
polishing slurry is provided via a pipeline 8 so that the slurry and the polishing pad 6 polish
each other. A conditioner 2 is arranged in another blank portion on the surface of the
polishing pad 6 to remove debris after polishing of the wafer. Here, the conditioner used can
be a conditioner manufactured in the foregoing preparation example of the present

invention.

In summary, the highest polishing apex of the existing whole-piece brazed diamond
conditioner often protrudes over 20 um more than the second highest apex, and the
protruding range of the top 10 highest abrasive particles is only 50 um; on the contrary,
when the foregoing method of the present invention is used to manufacture a composite
conditioner by the inverse and flush manufacturing method, the difference between the
highest polishing apex and the second highest apex can be reduced to below 10 um, so the
proportion of polishing tips that work effectively on the polishing units can be raised and the

removal rate and service life can be increased.

The foregoing embodiments are merely examples for the convenience of description,
and the scope of the claimed rights of the present invention should be subject to the scope of
claims, rather than be limited to the foregoing embodiments.

[BRIEF DESCRIPTION OF THE DRAWINGS]

FIG. 1A to FIG. 1G are schematic views of a flow for manufacturing a composition

conditioner in preparation example 1 of the present invention.

FIG. 2A to FIG. 2G are schematic views of a flow for manufacturing a composition

conditioner in preparation example 2 of the present invention.

FIG. 3 is a comparison diagram of tip height difference and number of working particles

between the present invention and a prior art conditioner.

FIG. 4 is a comparison diagram of the height difference between the first highest tip and the
second highest tip (um) and number of scratches between the present invention and a prior

art conditioner.

FIG. 5 is a comparison diagram of the number of scratches and removal rate between the
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present invention and a prior art conditioner.

FIG. 6 is a comparison diagram of conditioner service time and removal rate between the

present invention and a prior art conditioner.

FIG. 7 is a comparison diagram of the number of polished wafers and removal rate between

the present invention and a prior art conditioner.
FIG. 8 is a schematic view of the CMP process of the present invention.

FIG. 9 is a schematic view of an abrasive particle.

[DESCRIPTION OF REFERENCE SIGNS OF MAIN COMPONENTS]

first mold 10 base plate 24
opening 101 adhesive layer of which thickness is adjustable
23
temporary adhesive layer 11 composite conditioner 2
second mold 12 metal covering layer 212
orifice 121 protective layer 211
polishing unit 20 mold sealing layer 25
polishing tip 221 wafer 4
unit substrate 21 polishing pad 6
bonding layer 213 pipeline 8
22
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No. 101112625 Amendment Page
Seal: Amendment Supplement January 7, 2015
Seal: January 7, 2015 Amendment
VII. Claims:
1. A composite conditioner, comprising:
a base plate;

a plurality of polishing units, placed on the base plate and each polishing unit
including a bonding layer and a plurality of polishing tips that are bonded by the bonding

layer; and

an adhesive layer of which thickness is adjustable and used to secure the polishing

units on the base plate,

wherein a height difference between the first and second highest tips, between the first
and tenth highest tips, and between the first and 100" highest tips among the polishing tips
based on a predetermined plane is respectively less than 10 um, 20 pm, and 40 pum, and the

protrusion height of the first highest tip above the bonding layer is greater than 50 pm;

wherein of the 100 highest polishing tips, more than 50% have a crystal surface

coverage rate of less than 80%.

2. The composite conditioner according to claim 1, wherein the polishing tips used

to condition a polishing pad account for above 1% of all polishing tips.

3. The composite conditioner according to claim 1, wherein the area of the base
plate covered by the polishing units accounts for less than 40% of the total area of a surface

of the base plate.

4.  The composite conditioner according to claim 1, wherein the polishing units are
arranged in a single circle, double circles, multiple circles, a radial shape or a spiral shape on

the base plate.

5. The composite conditioner according to claim 1, wherein during conditioning,

at least more than 1,000 polishing tips will contact a polishing pad.
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6.  The composite conditioner according to claim 1, wherein the material of the

polishing tips is diamond, cubic boron nitride (CBN) or a combination thereof.

7. The composite conditioner according to claim 6, wherein the diamond is

chemically deposited diamond, polycrystalline diamond, or a combination thereof.

8.  The composite conditioner according to claim 1, wherein of the 100 highest

polishing tips, more than 50% have a crystal surface coverage rate of less than 50%.

9. The composite conditioner according to claim 1, wherein each polishing unit
further comprises a unit substrate, and the bonding layer is arranged between the surface of

the unit substrate and the polishing tips.

10. The composite conditioner according to claim 1, wherein the bonding layer is a

solder layer, an electroplated layer, a sintered layer, or a resin layer.

11. The composite conditioner according to claim 10, wherein each polishing unit
further comprises a metal covering layer, which covers the surface of the bonding layer and
of which material is at least one selected from a group consisting of Ni, Cr, Pd, Co, Pt, Au,
Ti, Cu, W and alloy thereof.

12. The composite conditioner according to claim 11, wherein each polishing unit
further comprises a protective layer, which covers the surface of the metal covering layer,
and of which material is Pd, Pt, silicon carbide, aluminum nitride, aluminum oxide, zirconia,

diamond-like carbon (DLC) or a combination thereof.

13. The composite conditioner according to claim 10, wherein the solder layer
contains more than 1 wt% of at least one selected from a group consisting of Cr, B, P, Tiand
alloy thereof, more than 50 wt% of at least one selected from a group consisting of Ni, Cu

and alloy thereof, or a combination thereof.

14. The composite conditioner according to claim 1, wherein the polishing units can

be disc-shaped, radial or polygonal.

15. The composite conditioner according to claim 14, wherein the diameter of the

disc-shaped polishing units is in the range of 5 to 30 mm.

16. The composite conditioner according to claim 1, wherein the base plate is
disc-shaped and its diameter is in the range of 80 to 120 mm.
24
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17. The composite conditioner according to claim 1, wherein the diameter of the

polishing tips is in the range of 100 to 500 pm.

18. The composite conditioner according to claim 1, wherein the material of the

adhesive layer of which thickness is adjustable is an organic adhesive.

19. The composite conditioner according to claim 1, wherein the polishing tips can
be patterned and arranged on the unit substrate, or the polishing tips form a plurality of
clusters, and the clusters are patterned and arranged on the unit substrate, and each cluster is

composed of two to six polishing tips.

20. The composite conditioner according to claim 1, wherein the space between the

polishing units is not less than 0.1 mm.

21. The composite conditioner according to claim 20, wherein the space is greater

than 0.5 mm.

22. The composite conditioner according to claim 1, wherein the thickness of the

adhesive layer on the bottom surface of the polishing units is in the range of below 0.6 mm.

23. The composite conditioner according to claim 22, wherein the top surface of the
polishing units is over 1 mm higher than the surface of the adhesive layer of which thickness
is adjustable.

24. A method for manufacturing a composite conditioner, comprising the following

steps:

arranging a second mold on a first mold, wherein the second mold has a plurality of

orifices;

arranging a polishing unit in each orifice of the second mold, wherein each polishing
unit comprises a bonding layer and a plurality of polishing tips that are bonded by the

bonding layer;

forming an adhesive layer of which thickness is adjustable and used to secure the

polishing units on the base plate; and
removing the first mold and the second mold to form a composite conditioner,
wherein a height difference between the first and second highest tips, between the first
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and tenth highest tips, and between the first and 100" highest tips among the polishing tips
based on a predetermined plane is respectively less than 10 um, 20 um, and 40 pum, and the

protrusion height of the first highest tip above the bonding layer is greater than 50 um; and

wherein prior to arranging the second mold on the first mold, the following steps are
further comprised: forming a temporary adhesive layer on the surface of the first mold, and
arranging the second mold on the surface of the temporary adhesive layer, so that the
temporary adhesive layer is sandwiched between the second mold and the first mold.

25. The method for manufacturing a composite conditioner according to claim 24,
wherein after removing the second mold, the following steps are further comprised:

removing the temporary adhesive layer.

26. The method for manufacturing a composite conditioner according to claim 24,
wherein one side of the polishing units has the polishing tips, and the adhesive layer of

which thickness is adjustable is arranged on the opposite side of the side.

27. The method for manufacturing a composite conditioner according to claim 26,
wherein the polishing units arranged in the orifices are in contact with the first mold by

means of the polishing tips.

28. The method for manufacturing a composite conditioner according to claim 27,
wherein after removing the second mold and the first mold, the following steps are further

comprised: forming a mold sealing layer to secure the polishing units.

29. The method for manufacturing a composite conditioner according to claim 24,

wherein the orifices of the second mold are arranged on the outer ring of the second mold.

30. The method for manufacturing a composite conditioner according to claim 29,
wherein the orifices of the second mold are 12 orifices formed with the outer ring of the

second mold.

31. A chemical-mechanical planarization (CMP) process, comprising the following

steps:

providing a polishing pad;

placing a wafer on the surface of the polishing pad and polishing the wafer and the
polishing pad with each other; and
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using a conditioner arranged on the surface of the polishing pad to remove debris after

polishing of the wafer, wherein the conditioner is the composite conditioner as in claim 1.

32. The CMP process according to claim 31, applicable to the production of logic
devices, dynamic random access memories (DRAMS), caches (flash memories) or hard

drives.

33. The CMP process according to claim 31, wherein the diameter of the wafer is
200 mm, 300 mm or 450 mm.

34. The CMP process according to claim 31, wherein the line width of ICs on the

surface of the wafer is smaller than or equal to 45 nm.

35. The CMP process according to claim 34, wherein the line width of ICs on the

surface of the wafer is smaller than or equal to 28 nm.

36. The CMP process according to claim 35, wherein the line width of ICs on the

surface of the wafer is smaller than or equal to 22 nm.

VIII. Drawings (See next page):
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(54) Title of Invention

COMPOSITE CONDITIONER AND METHOD FOR MANUFACTURING THE SAME
AND CMP APPLICATION THEREOF

(57) Abstract

A composite conditioner includes: a base plate; a plurality of polishing units placed on
the base plate and each polishing unit including a bonding layer and a plurality of polishing
tips that are bonded in plane by the bonding layer; and an adhesive layer of which thickness
is adjustable and used to secure the polishing units on the base plate, wherein a height
difference between the first and second highest tips, between the first and tenth highest tips,
and between the first and 100" highest tips among the polishing tips based on a
predetermined plane is respectively less than 10 um, 20 pm, and 40 um, and the protrusion
height of the first highest tip above the bonding layer is greater than 50 um. The present
invention also relates to a method for manufacturing the conditioner and application thereof.
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I.  Title of the Invention: (Chinese/English)
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COMPOSITE CONDITIONER AND METHOD FOR MANUFACTURING THE SAME
AND CMP APPLICATION THEREOF

I1. Abstract of the Invention in Chinese:
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I1l.  Abstract of the Invention in English:

A composite conditioner includes: a base plate; a plurality of polishing units placed on
the base plate and each polishing unit including a bonding layer and a plurality of polishing
tips that are bonded in plane by the bonding layer; and an adhesive layer of which thickness
is adjustable and used to secure the polishing units on the base plate, wherein a height
difference between the first and second highest tips, between the first and tenth highest tips,
and between the first and 100th highest tips among the polishing tips based on a
predetermined plane is respectively less than 10 um, 20 um, and 40 um, and the protrusion
height of the first highest tip above the bonding layer is greater than 50 pm. The present
invention also relates to a method for manufacturing the conditioner and application thereof.
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IV. Designated Representative Image:
0] Designated representative image of the present application: FIG. (3).
(1) Description of reference signs of components in the representative image:

No

V. If there are chemical formulae in the present application, please reveal the

chemical formula that best shows the characteristics of the invention:
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VI. Invention Specification:
[TECHNICAL FIELD]

The present invention relates to a composite conditioner, a method for manufacturing
the same and a chemical-mechanical planarization (CMP) process using the same,
particularly to a composite conditioner suitable for planarization of semiconductor wafer
surface, a method for manufacturing the same and a chemical-mechanical planarization

(CMP) process using the same.

[PRIOR ART]

The oxide film dielectric layers of the copper circuits or interlayer tungsten circuits,
even insulation circuits on the silicon wafer surface all must be surface-flattened through a
planarization process to facilitate subsequent process steps. At present, in the process of
manufacturing Interconnected Circuits (ICs) on semiconductor wafers, the most
eye-catching planarization technology is chemical-mechanical planarization (CMP), in
which the wafer is pressed on a rotating polishing pad to polish and flatten its surface.

In the CMP process, slurry is stably and evenly delivered between the wafer and the
polishing pad, so that the surface of the polishing pad is impregnated with the slurry. The
slurry contains chemical agents (such as acid and oxidizer) to erode the thin film on the
wafer surface, and the slurry also contains countless nano-ceramic (such as SiO, Al>Oz and
Ce0») abrasive particles, which can cut into and scrape away micro-films and at the same
time, perform chemical etching and mechanical grinding to remove the protruding
deposited layer on the chip, thereby polishing the surface of the wafer and achieving the

purpose of planarization.

Conditioner is a necessary consumable for CMP, and its function is to condition the
polishing pad. The so-called conditioning includes shaving the surface of the polishing pad
and removing the waste accumulated on the surface of the polishing pad, thereby
maintaining the surface roughness of the polishing pad. Further, the conditioner can also
generate a small quantity of bumps and depressions on the surface, which are the height
differences of so-called asperities, so that the contacted and pressed area of the polishing
pad can be reduced significantly. The smaller the contact area is, the greater the contact

EX1060, Page 121
S



Case 1:20-cv-00247-RGA-JLH  Document 20-6  Filed 07/27/20 Page 47 of 78 PagelD
#. 276

1537097

pressure will be so that the slurry at the contact points can squeeze the protruding parts of
the wafer, and the chemical agent (such as H203) in the slurry will be oxidized to soften or

corrode the wafer.

However, the waste generated in the CMP process, including abrasive dust of wafers,
such as copper wires, tungsten pore fillings, oxide films, slurry, abrasive particles, and
polishing pad debris, will typically be accumulated on the surface of the polishing pad and
squeezed into a glaze. Once the glaze is formed, the polishing pad will become slippery and
can hardly maintain a polishing force. Therefore, it is often necessary to use a conditioner to
polish each wafer to achieve the polishing efficiency (e.g., polishing speed) and flatness
(e.g., the thickness distribution of the wafer coating) of the process, thereby stabilizing the

quality of the wafers.

However, the prior art diamond conditioner typically secures diamond particles on the
surface of a metal tray with a bonding agent. Although it is suitable for conditioning the
polishing pad, for more precise CMP processes, such as CMP processes with a line width of
less than 45 nm, it is more liable to scratches, local dishing, erosion and thickness
non-uniformity of the wafers due to rough asperities of the polishing pad. The requirements
for line width of IC are declining, while the demand for wafer surface flatness rises, and the
requirements for the conditioner increase, too, making the prior art diamond conditioner

unable to meet the advanced requirements for the CMP processes of below 45 nm.

For this purpose, the prior patent publication TW 201038362 Al and TW 201100198
disclose a composite conditioner and manufacturing method thereof respectively, wherein
the sharp angles of the polishing tips of polishing units in various sizes, shapes and materials
cut into a polishing pad, then pressure is applied to the other side of the polishing units and
resin is filled to secure the polishing units so that the height difference between polishing tip

apexes of the polishing units is within 20 um.

However, the polishing tips used in the foregoing patent application need to use
diamond abrasive particles with high shape regularity, and the crystal surface coverage rate
of such crystal form is very high (for example, more than 50% of the surface is crystal
growth surface). Otherwise, when sharp diamonds with a low crystal surface coverage rate
are used, an excessive height difference will be caused. Further, the diamond that cuts into

the polishing pad the deepest, the so-called “killer diamond”, has no standard for the
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difference in height from the top pads of other diamonds. In order to meet the process
requirements of a smaller line width, it is necessary to continuously improve the conditioner
so that when sharper polishing tips are used, the flatness of the sharp angle heights (e.g., the
height difference of the sharp angles of the polishing tips) can still be maintained, and the
conditioner can form finer and more uniform scores on the polishing pad, and at the same
time raises the removal rate of the polishing pad. Only in this way, can the glaze be
effectively removed, the asperities on the polishing pad be restored and the coating on the

wafer be polished quickly.

[SUMMARY OF THE INVENTION]

A main object of the present invention is to provide a composite conditioner, wherein
sharp polishing tips are used, and can still maintain tip height distribution and avoid
existence of “killer diamonds”, thereby raising the ratio of polishing tips that work
effectively on the polishing units, and increasing the wafer removal rate and conditioner

service life.

To achieve the foregoing object, one example of the present invention provides a
composite conditioner, comprising: a base plate; a plurality of polishing units placed on the
base plate and each polishing unit including a bonding layer and a plurality of polishing tips
that are bonded by the bonding layer (which can be made of metal, ceramics or resin); and
an adhesive layer of which thickness is adjustable and used to secure the polishing units on
the base plate, wherein a height difference between the first and second highest tips,
between the first and tenth highest tips, and between the first and 100" highest tips based on
a predetermined plane is respectively less than 10 um, 20 um, and 40 pum, and the protrusion

height of the first highest tip above the bonding layer is greater than 50 pm.

As CMP is plane polishing, the contact distribution between the highest tips of the
wafer and the highest tips of the polishing pad determines the quality (e.g., yield) and
efficiency (e.g., capacity) of CMP. If the highest tips of the asperities of the polishing pad
are not uniformly distributed, the removal rate of different parts of the wafer will be
different, and the surface of the wafer will not be flat. What is more, the polishing may be
excessive at some locations, causing dishing in the same layer or erosion in multiple layers;
or, polishing is inadequate at some locations, causing residue. If the wafer thickness is not

6
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uniform after polishing (Within Wafer Non-Uniformity or WIWUU), the CMP effect will
be unobvious. For this reason, the present invention modified the conditioner based on the
data of many tests and experiments, particularly adjusted the heights of working polishing
tips through an adhesive layer of which thickness is adjustable to compensate the difference
in thickness of the polishing units, thereby achieving the foregoing height distribution of the
highest tips, avoiding generation of killer diamonds and raising the ratio of effectively

working polishing tips on the polishing units.

In the foregoing composite conditioner of the present invention, the material of the
adhesive layer of which thickness is adjustable can be an organic adhesive. Each polishing
unit may further comprise a unit substrate, and the bonding layer is arranged between the
surface of the unit substrate and the polishing tips, and for example can be a solder layer, an
electroplated layer, a sintered layer, or a resin layer. The foregoing polishing tips refer to
terminal points that can achieve a polishing effect on abrasive particles contained in a
plurality of polishing units, and are exposed to the bonding layer, in other words, the heights
of polishing tips refer to the protrusion heights of the polishing tips above the bonding layer.

The heights of the polishing tips can be measured with an optical detection system,
such as a surface detector produced by German FRT (Fries Research & Technology GmbH),
which measures the heights of all polishing tips of the conditioner (more than 10,000 for
example), i.e., the protrusion heights of the polishing tips above the bonding layer. Then
from the obtained height data, the least square method is used to calculate an assumed plane
constituted by sharp angles of the polishing tips. This assumed plane is the foregoing
predetermined plane. The first highest tip refers to the height of the one of the polishing tips
that protrudes the most from the predetermined plane, the second highest tip refers to the
height of the one of the polishing tips that protrudes the second most from the predetermined

plane, and the same goes for other highest tips.

The polishing positions of the wafer mostly depend on the distribution of the apexes
of the polishing pad, which is determined by the heights of the polishing tips of the
conditioner. The conditioner can be disc-shaped (applicable to Applied Materials machine
for example) or ring-shaped (applicable to Ebara machine for example). The diameter of the
disc is generally about 100 mm, while the ring can be as large as 250 mm or more. Typically,
tens of thousands of polishing tips (e.g., diamond particles) are distributed on the
conditioner, polishing tips of 80/90 mesh, 100/120 mesh, or 120/140 mesh for example, but

7
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the difference in average size even under the same mesh may still be greater than 30%.
Further, the size of the same polishing tip varies remarkably in different directions. For
example, the distance between tips will be up to 30% larger than that between planes, and if

the shape of the polishing tips is irregular, the difference will be even larger.

Therefore, the present invention adjusts the used abrasive particles so that the height
difference between the first and second highest tips, between the first and tenth highest tips,
and between the first and 100" highest tips among the polishing tips is less than 10 pm, 20
um, and 40 um, and the protrusion height of the first highest tip above the bonding layer is
greater than 50 um to ensure the conditioner has numerous working tips, thereby achieving
an effect of rapid and uniform removal of the thin film on the IC wafer surface. Further, it
should be noted that the first highest tip and the second highest tip can be scattered in
different polishing units or in the same polishing unit, so are other highest tips; in other

words, the distribution of the highest tips is not concentrated in a single polishing unit.

In the foregoing composite conditioner of the present invention, the material of the
polishing tips can be man-made or natural diamond, polycrystalline diamond (PCD), cubic
boron nitride (CBN), polycrystalline cubic boron nitride (PCBN) or a combination thereof,
and the particle size of the polishing tips can be in the range of 100 to 500 um. The
foregoing diamond can be chemically deposited diamond, polycrystalline diamond, or a
combination thereof. Further, there is no special limitation to the material of the base plate.
For example, it can be pure resin, metal, alloy, plastics, rubber, ceramics, glass or a

combination thereof (e.g., a mixture of resin and metal).

Further, because the diamond is typically converted from graphite under the catalysis
of iron-nickel alloy at a high pressure (e.g., 5GPa), it contains molten iron-nickel inclusion.
The alloy catalyzes the diamond back into graphite or carbon at high temperature, during
which the volume will increase substantially to burst the diamond. If the diamonds are
secured on a diamond disc by brazing, many diamonds will burst due to the high process
temperature, the diamond tips that cut deep into the polishing pad in the CMP process may
be disintegrated along the microcrack surface, and the diamond debris may scratch
expensive wafers. In view of this, diamonds containing much inclusion are often separated
by magnetic separator. Even so, more or less residual iron-nickel alloy is still contained in
the diamonds. If there are undetectable cracks inside the diamonds, the diamonds may be
broken and disintegrated with debris in the CMP process, causing scratches of the wafer. In

8

EX1060, Page 125
S



Case 1:20-cv-00247-RGA-JLH  Document 20-6  Filed 07/27/20 Page 51 of 78 PagelD
#: 280

1537097

view of this, high temperature brazing should choose a solder with a lower melting point.

In the present invention, when a solder is used as the material of the bonding layer, the
solder layer may contain more than 1wt% of at least one selected from a group consisting of
Cr, B, P, Ti and alloy thereof, more than 50wt% of at least one selected from a group
consisting of Ni, Cu and alloy thereof, or a combination thereof, wherein materials such as
Cr, B, P and Ti are used to activate the solder layer. Specifically, the solder is typically
Ni-Cr-B, Ni-Cr-P, or Cu-Sn-Ti alloy, with a melting point (Solidus) of 800°C to 1,000°C.

Further, each polishing unit optionally further comprises: a metal covering layer,
which covers the surface of the bonding layer and of which material is at least one selected
from a group consisting of Ni, Cr, Pd, Co, Pt, Au, Ti, Cu, W and alloy thereof, so that the
polishing tips are more stably attached to the unit substrate of the polishing unit. Further,
each polishing unit optionally further comprises: a protective layer, which is a thin-layer
inert material and covers the surface of the metal covering layer, and of which material may
be a metal material such as Pd or Pt, or a nonmetal material such as a ceramic film (e.g.,
silicon carbide, silicon nitride, aluminum nitride, aluminum oxide and zirconia),
diamond-like carbon (DLC) film, organic film (e.g. Teflon) or a combination thereof, to

avoid the erosion of the solder by the polishing slurry (e.g., pH=3 tungsten process slurry).

Generally speaking, the height of the apex of the diamond determines the strength of
pressing into the polishing pad, but its sharpness affects the cutting depth. Typically, the
sharper the diamond is, the smaller the elastic and plastic deformation of the polishing pad
will be, and the greater the depth of shaving will be. Because the diamond abrasive particles
formed on the surface of the conditioner have different shapes and various directions,
generally only the highest hundreds of them can come into contact with the polishing pad. If
the shape of the diamond is regular and symmetric, it will be at an obtuse angle and will not
cut into the polishing pad easily, but will push the surface of the polishing pad, forming
bulging plastic deformation on both sides; on the contrary, if the diamond has a broken
surface, e.g., an irregular shape, it may cut into the polishing pad, shave the surface of the

polishing pad, and meanwhile remove waste.

Therefore, in the foregoing composite conditioner of the present invention, of the 100
highest polishing tips, more than 50% have a crystal surface coverage rate of less than 80%,

preferably a crystal surface coverage rate of less than 50%. When the crystal surface
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coverage rate of the polishing tips is lower, it means that the polishing tips have more
broken surfaces (i.e., sharp surfaces), and it also means that the polishing tips on the
working surface of the polishing units contain sharp angles and ridges, a majority of the
ridges have an included angle of less than 45 degrees (i.e., the angle between the two crystal
surfaces that constitute a ridge), or a majority of the sharp angles are in a state of less than 90
degrees, so the removal rate is high to the polishing pad. Refer to FIG. 9, which is a
schematic view of an abrasive particle, where A, E, and S represent a sharp angle, a ridge
and a surface respectively, Si is a crystal surface, Az is an included angle between crystal
surfaces, Sy is a broken surface, and A: is an included angle formed by at least one broken
surface. It can be seen that A; and A, are two different sharp angles. The angle of A1 is
greater than 90 degrees (i.e., an obtuse angle), and the angle of A is less than 90 degrees
(i.e., an acute angle), which means that when Az is used as a polishing tip, its removal
efficiency will be greater than that of Ax.

The polishing tips can be patterned and arranged on the unit substrate, or the polishing
tips form a plurality of clusters, and the clusters are patterned and arranged on the unit

substrate. For example, each cluster is composed of two to six polishing tips.

Further, the polishing units can be arranged in a single circle, double circles, multiple
circles, a radial shape or a spiral shape on the base plate, and can be disc-shaped,
blade-shaped or polygonal. If the polishing units are disc-shaped, their diameter is in the
range of 5 to 30 mm, preferably not more than 20 mm. The base plate can also be
disc-shaped and its diameter is in the range of 80 to 120 mm, and alternatively, the polishing
units can be fixed on a ring-shaped substrate of 250 to 270 mm. Further, if the disc-shaped
polishing units are located inside, they are often blocked by the external polishing units
during conditioning of the polishing pad, making it difficult to play an effect. Therefore,
preferably, the polishing units can be arranged on the outer periphery of the surface of the
disc-shaped base plate to produce a cliff effect of periphery conditioning in the CMP
process, which will increase the number of working particles and is suitable for the CMP

process to be applied to an 18-inch wafer or 22-nanometer process.

In the foregoing composite conditioner of the present invention, the space between the
polishing units is not less than 0.1 mm, preferably greater than 0.5 mm, so as to ensure that
the slurry can smoothly enter and exit the gaps between the polishing units in the CMP
process and will not remain in them, causing defects, such as scratches on the chip. Further,

10

EX1060, Page 127
S



Case 1:20-cv-00247-RGA-JLH  Document 20-6  Filed 07/27/20 Page 53 of 78 PagelD
#: 282

1537097

the thickness of the adhesive layer on the bottom surface of the polishing units is in the
range of below 0.6 mm, so that the polishing tips of each polishing unit can be fully adjusted

to the same plane to effectively increase the number of working diamond particles.

It is known that due to the large difference in tip height, the number of tips used by a
conventional conditioner (and the number of tips cutting into the polishing pad) accounts for
less than 1% of the total number of tips, and the diamond coverage area of the conventional
conditioner exceeds 40% of the total; on the contrary, in the foregoing composite
conditioner of the present invention, the polishing tips used to condition a polishing pad can
account for above 1% of all polishing tips; further, the area of the base plate covered by the
polishing units can account for less than 40% of the total area of the surface of the base plate,
so that the best removal rate can be achieved while reducing costs.

Another object of the present invention is to provide a method for manufacturing a
composite conditioner, wherein polishing units with sharp polishing tips are used, a couple
of the highest tips of each polishing unit are used as a plane reference by the inversion
method, and the thickness of the adhesive material under each polishing unit is adjusted
before fixation onto the substrate, so that a couple of the highest tips on the polishing unit
will not protrude very much and form destructive “killer diamonds”. The use of a co-plane
forces the highest tips of each polishing unit to reach a common height and can also increase
the ratio of polishing tips that work effectively, thereby increasing the removal efficiency

and service life of the conditioner.

In order to achieve the foregoing object, another example of the present invention
provides a method for manufacturing a composite conditioner, comprising the following
steps: arranging a second mold on a first mold, wherein the second mold has a plurality of
orifices; arranging a polishing unit in each orifice of the second mold, wherein each
polishing unit comprises a bonding layer and a plurality of polishing tips that are bonded by
the bonding layer; forming an adhesive layer of which thickness is adjustable and used to
secure the polishing units on the base plate; and removing the first mold and the second
mold to form a composite conditioner, wherein a height difference between the first and
second highest tips, between the first and tenth highest tips, and between the first and 100"
highest tips based on a predetermined plane is respectively less than 10 um, 20 um, and 40
um, and the protrusion height of the first highest tip above the bonding layer is greater than
50 pm.
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A general diamond conditioner is manufactured by the additive method, that is, the
diamond abrasive particles are arranged flatwise (e.g., matrix distribution) on a flat
substrate (e.g., stainless steel 316). According to the prior art, the height difference of
diamond apexes on a single conditioner surface is typically more than 50 pm and the
diamond abrasive particles can be secured by electroplating (EDD) and nickel, or by brazing
(BDD) to retain them by solidifying molten alloy. The diamond plane of the former is
typically upward, while the tips or ridges of the latter are often more prominent, and the
diamonds with the plane facing upwards cannot cut into the polishing pad easily, and the
diamonds with tips or ridges can shave the polishing pad more easily. In comparison, the
present invention first uses the brazing method to form polishing units, and then uses an
organic elastic material to bond and compensate a plurality of polishing units to arrange the
polishing units on a base plate, so in addition to the advantages of the brazing method, it can
also avoid its shortcomings, and make the formed conditioner have the highest tips of the
same height. Therefore, when the diamond conditioner is conditioning the polishing pad,
the protruding diamond apexes can contact and cut into the polishing pad, but there will be
no overly protruding polishing tips, so no polishing tips will cut into the polishing pad too
deep, resulting in excessive height difference between asperities, thereby avoiding
asperities “as if big frogs in a small pond” being smeared with too much slurry, which
causes the nano abrasive particles in the slurry to excessively cut into the surface of the

wafer, resulting in excessive polishing, and even scratching of the wafer.

In the method for manufacturing the foregoing composite conditioner of the present
invention, the adhesive layer of which thickness is adjustable can be formed after the
highest tips of the polishing units are leveled with another flat plate, or after forming the
adhesive layer with adjustable thickness, or before the adhesive layer of which thickness is

adjustable is cured, the base plate is used to level the highest tips of the polishing units.

The adhesive layer of which thickness is adjustable can be composed of an organic
adhesive, for example, a plastic material, a rubber material, a hot melt adhesive or a
combination thereof; further, the orifices of the second mold are arranged on the outer ring
of the second mold, thereby setting the positions of the polishing units on the outer ring of
the base plate. Specifically, the orifices of the second mold are formed with the outer ring of
the second mold, for example, 12 orifices. In addition, in the composite conditioner, the
polishing units can also be arranged on the inner and outer rings, and generally, the smaller

12
EX1060, Page 129
S



Case 1:20-cv-00247-RGA-JLH  Document 20-6  Filed 07/27/20 Page 55 of 78 PagelD
#: 284

1537097

the area of the polishing units is, the larger the number of working particles will be during
polishing, but the manufacturing cost will be higher, so making a conditioner with an

appropriate number of polishing units can balance effect and cost.

In the method for manufacturing the foregoing composite conditioner of the present
invention, prior to arranging the second mold on the first mold, the following steps are
further comprised: forming a temporary adhesive layer on the surface of the first mold, and
arranging the second mold on the surface of the temporary adhesive layer, so that the
temporary adhesive layer is sandwiched between the second mold and the first mold, and
after removing the second mold, the following steps are further comprised: removing the
temporary adhesive layer. In a preferred embodiment of the present invention, the
temporary adhesive layer is a double-sided adhesive tape.

In an alternative preferred embodiment of the present invention, one side of the
polishing units has the polishing tips, and the adhesive layer of which thickness is adjustable
is arranged on the opposite side of the side, and the polishing units arranged in the orifices
are in contact with the first mold by means of the polishing tips. Further, after removing the
second mold and the first mold, the following steps are further comprised: forming a mold
sealing layer to secure the polishing units. It can be seen from the above that by pressing the
polishing units on the side with the polishing tips, the polishing units are flatly arranged on

the same plane.

The method for manufacturing the foregoing composite conditioner of the present
invention may optionally further comprise the following steps: removing the second mold
after removing the first mold. In other words, it means that the conditioner may comprise a

second mold.

A further object of the present invention is to provide a CMP (chemical-mechanical
Planarization) process, wherein sharp polishing tips are used, and can still maintain the
planarity of the working surface, thereby raising the ratio of polishing tips that work

efficiently on the polishing units, and increasing the removal rate and service life.

In order to achieve the foregoing object, a further example of the present invention
provides a CMP process, comprising the following steps: providing a polishing pad; placing
a wafer on the surface of the polishing pad and polishing the wafer and the polishing pad
with each other; and using a conditioner arranged on the surface of the polishing pad to
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remove debris after polishing of the wafer, wherein the conditioner is the foregoing

composite conditioner of the present invention.

The Moore’s law mentions that the number of transistors accommodated on the same
chip of a single size will be doubled every eighteen months due to the improvement of the
process technology, thereby increasing the speed of operation performed by the chip. Owing
to the continuous progress as mentioned in the Moore’s Law, the line width and line
distance of integrated circuits (1Cs) also gradually break through the limit of 32 nanometers.
However, it also faces the difficulty for CMP process to overcome the bottleneck, so it is
impossible to enter a process of even smaller line width and line distance. On the contrary,
as the foregoing CMP process of the present invention uses a modified conditioner, the
CMP process of the present invention can use a wafer with a diameter of 200 mm, 300 mm
or 450 mm, and the line width of ICs on the surface of the wafer can be smaller than or equal
to 45 nm, 28 nm or 22 nm. Therefore, if the technology of the present invention is adopted in
the related technologies, for example, the CMP process of the present invention is applied to
the production of logic devices, dynamic random access memories (DRAMs), caches (flash
memories) or hard drives, it will improve the operation execution speed of the foregoing

devices as described in the Moore's Law.

[DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS]

Generally speaking, as the diamonds differ in size, shape and direction and the
distance of the highest tips is random, the ploughing and shaving forms of the polishing pad
are diverse, resulting in uneven heights of the polishing pad after conditioning, which makes
it difficult to control the positions of the highest tips in contact with the wafer, and the area
and pressure of each contact point, so that the polishing rate and uniformity of the CMP
process have extremely high variability. When the wafer changes greatly (such as 8 inches
to 12 inches or even 18 inches in the future), the variability of polishing rate and uniformity
will be enlarged, reducing the quality and efficiency of the CMP process. More than that,
when the wire width becomes narrower (e.g., 45 nm to 32 nm or even 22 nm in the future),
the highest tips of the polishing pad are more likely to cause damage. When the circuits
become narrower, the dielectric material between them must be more hollow to avoid

electric leakage, but the hollow dielectric layer becomes fragile, so the contact pressure of
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the CMP process needs to be even smaller, but after the contact pressure is adjusted down, it

will lead to a reduced polishing speed of the wafer, resulting in poor productivity.

The current diamond conditioner is typically manufactured by a method of planar
addition of diamonds, so it is difficult to control the heights of apexes. Further, under high
temperature manufacturing (e.g., brazing), the substrate is distorted and deformed, which
makes the heights of the diamond apexes more uneven, and also greatly reduces the number
of working particles, to only a few hundred though there are tens of thousands of diamonds

on the conditioner.

Because the diamond conditioner is manufactured by the additive method (pressing
and leveling from the top with diamond abrasive particles), it is difficult to control the size,
shape and direction of the diamonds and the number, position and cutting depth of the
diamonds on the working surface are also elusive, significantly reducing the predictability
of the effect of the CMP process. Although the industry continues to strictly control the
flatness of the conditioner substrate and the shape of the diamonds, the improvement effect

is limited.

Considering that it is difficult to make the heights of the diamond apexes even, the
present invention adopts the method of reverse combination. Diamond polishing units are
manufactured at first, and then are placed upside down on a plane so that the polishing tips
are flush. Now, an adhesive layer of which thickness is adjustable is placed on the opposite
side of the polishing tips, and finally a mold sealing layer (e.g., resin) is injected to secure all
the polishing units. Such inverse and flush manufacturing method can avoid “Killer
Diamonds” that often exist on the diamond disc - i.e., the protruding diamonds like big frogs
in a small pond. If the Diamond Killer is too sharp, it can easily cut into the polishing pad
deeply and therefore is pulled apart, thereby forming Killer Asperities on the surface of the

polishing pad, causing scratches and damage of the wafer.

Below the implementation manner of the present invention is described by referring to
specific embodiments. Those skilled in the art can easily understand other advantages and
effects of the present invention from the content disclosed in the Description. Alternatively,
the present invention can be implemented or applied through other different specific
embodiments, and various modifications and changes can be made to the details of the
Description based on different views and application under the precondition of not
departing from the spirit of the present invention.
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The figures in the embodiments of the present invention are all simplified schematic
views. However, these reference signs only display the components related to the present
invention, and the components displayed are not examples of actual implementation. The
number, shape and other proportions of the components during actual implementation are a

selective design, and the layout type of the components may be more complex.

Preparation Example 1

FIG. 1A to FIG. 1G are schematic views of a flow for manufacturing a composite

conditioner.

Firstly, as shown in FIG. 1A, a first mold 10 is provided, which has an opening 101.
Then, as shown in FIG. 1B, a temporary adhesive layer 11 is formed on the surface of the
opening 101 of the first mold 10, and then a second mold 12 is arranged on the surface of the
temporary adhesive layer 11, so that the second mold 12 is arranged inside the opening 101
of the first mold 10. Therefore, the temporary adhesive layer 11 is sandwiched between the
second mold 12 and the first mold 10, wherein the second mold 12 has a plurality of orifices
121. In this preparation example, the temporary adhesive layer 11 is a double-sided

adhesive tape.

As shown in FIG. 1C and FIG. 1G, a polishing unit 20 is arranged in each orifice 121
of the second mold 12, wherein each polishing unit 20 comprises a plurality of abrasive
particles 22 (each abrasive particle 22 has at least one polishing tip 221), a unit substrate 21
and a bonding layer 213 arranged between the surface of the unit substrate 21 and the
polishing tips 221. These polishing units 20 are manufactured by a common brazing method,
and the manufacturing method is briefly described as follows: spot weld a solder pad (BNiz)
on a unit substrate 21 with a diameter of 20 mm and a thickness of 4 mm, and then use a
template to arrange approximately 150 pm abrasive particles (e.g., diamond particles) on
the solder pad coated with adhesive, and then put it in a vacuum furnace for vacuumizing to
a vacuum degree of about 5 to 10 torr, and heat it to maximum temperature of 1,020°C and
maintain this temperature for 12 minutes (in this period, the adhesive has been evaporated)

to melt the solder of the solder pad into a liquid to weld the diamond particles firmly.

As the diamonds are originally located on the fixing solder, when the solder is melted
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to form a liquid, the carbide elements (e.g., Cr) in the solder will diffuse to the diamond
surface. As a result, the solder will sink the diamonds by capillary force, and will also climb
up to the diamond surface under the capillary force to form a slope. The diamonds were
originally stuck to the surface of the solder pad on a flat surface, but now because the
diamonds rotate in the liquid, their sharp angles often face upward.

Then, as shown in FIG. 1D and FIG. 1E, the polishing units 20 are leveled with a base
plate 24, and an adhesive layer 23 of which thickness is adjustable is filled in to secure the
polishing units 20. Then, as shown in FIG. 1F, the first mold 10, the temporary adhesive

layer 11, and the second mold 12 are removed to form a composite conditioner 2.

The composite conditioner 2 includes: a base plate 24; a plurality of polishing units 20
placed on the base plate 24 and each polishing unit 20 including a plurality of polishing tips
221; and an adhesive layer 23 of which thickness is adjustable and used to secure the
polishing units 20 on the base plate 24, wherein a height difference between the first and
second highest tips, between the first and tenth highest tips, and between the first and 100th
highest tips among the polishing tips 221 based on a predetermined plane is respectively
less than 10 um, 20 um, and 40 um, and the protrusion height of the first highest tip above
the bonding layer 213 is greater than 50 um.

FIG. 1G is an enlarged view of the polishing units of the present invention. Each
polishing unit 20 comprises a plurality of abrasive particles 22 (each abrasive particle has at
least one polishing tip 221), a unit substrate 21, a bonding layer 213 arranged between the
surface of the unit substrate 21 and the polishing tips 221, a metal covering layer 212
covering the surface of the bonding layer 213, and a protective layer 211 covering the

surface of the metal covering layer 212.

The bonding layer 213 can be a solder layer, an electroplated layer, a sintered layer, or
a resin layer. If the bonding layer 213 is the solder layer, it contains more than 1 wt% of at
least one selected from a group consisting of Cr, B, P, Ti and alloy thereof, more than 50 wt%
of at least one selected from a group consisting of Ni, Cu and alloy thereof, or a combination
thereof.

The metal covering layer 212 can be formed by means of electroplating, and its
material may be at least one selected from a group consisting of Ni, Cr, Pd, Co, Pt, Au, Ti,
Cu, W and alloy thereof; the material of the protective layer 211 can be Pd, Pt, silicon
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carbide, aluminum nitride, aluminum oxide, zirconia, diamond-like carbon (DLC) or a

combination thereof.

Preparation Example 2

FIG. 2A to FIG. 2G are schematic views of a flow for manufacturing a composite

conditioner.

Firstly, as shown in FIG. 2A, a second mold 12 is provided, which has 12 orifices 121,
arranged on the outer ring of the second mold 12. Then, as shown in FIG. 2B, the second
mold 12 is arranged on the surface of a first mold 10.

As shown in FIG. 2C, a polishing unit 20 is arranged in each orifice 121 of the second
mold 12, wherein the working surface of the polishing unit 20 (the surface having polishing
tips) faces the surface of the first mold 10. In this preparation example, the polishing units
20 are as similarly described in preparation example 1. Then, as shown in FIG. 2D, adhesive
is dispensed on a side opposite to the polishing tips of each polishing unit 20 to form an
adhesive layer 23 of which thickness is adjustable. Then, as shown in FIG. 2E, a base plate
24 presses flatly on the adhesive layer 23 of which thickness is adjustable, wherein the base

plate 24 has a groove, which makes the base plate 24 in a “| ] shape, and the groove of the

base plate 24 flatly presses the adhesive layer 23 of which thickness is adjustable.

As shown in FIG. 2F, remove the first mold 10. Then, as shown in FIG. 2G, inverse
the structure shown in FIG. 2F, remove the second mold 12 and form a mold sealing layer
25, reinforce the polishing units 20 and secure them to the base plate 24 to form a composite

conditioner.

Although the polishing units manufactured by the brazing method may have killer
diamonds, different polishing units with killer diamonds of similar heights can be used in
combination with the foregoing method of the present invention to make the polishing tips
flush. Therefore, the heights of the killer diamonds are close to the heights of other

protruding diamond tips on the polishing units.

Test Example
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FIG. 3 is a comparison diagram of tip height difference and the number of working
particles among the composite conditioner manufactured in the foregoing preparation
example 2 (Embodiment 1, wherein the crystal surface coverage rate of the diamond
particles used is approximately 60% to 80%, i.e., PDA 878 manufactured by Element Six), a
conditioner manufactured by the prior art ceramic sintering method (comparative example 1)
and the conditioner manufactured by the brazing method (comparative example 2). From
FIG. 3, it can be known that during polishing, there are 60 to 70 working particles on the
conditioner provided in Embodiment 1 of the present invention when the height difference
is about 10 um; in comparison, comparative example 1 and comparative example 2 require a
larger tip height difference in order to provide more working particles, and even on the
conditioner provided in comparative example 1, more than 40 um of height difference of
abrasive particles is required to obtain more than 100 working particles. Thus, it can be seen
that within the same height difference, the conditioner provided by the present invention
actually has a much higher number of working abrasive particles than the prior art

conditioners do.

FIG. 4 and FIG. 5 respectively show a comparison diagram of the height difference
between the first highest tip and the second highest tip (um) and number of scratches, and a
comparison diagram of number of scratches and removal rate among the composite
conditioner manufactured in the foregoing preparation example 2 (Embodiment 1, wherein
the crystal surface coverage rate of the diamond particles used is approximately 60% to 80%,
i.e., PDA 878 manufactured by Element Six; Embodiment 2, wherein the crystal surface
coverage rate of the diamond particles used is approximately 40% to 60%, i.e., PDA 657
manufactured by Element Six) and the conditioner manufactured by the brazing method

(comparative example 2).

From FIG. 4, it can be known that for the conditioners provided in Embodiments 1 &
2 of the present invention, when the height difference between the first highest tip and the
second highest tip is approximately 0 um, the number of scratches after polishing is 100 to
150, which means that the conditioners provided in Embodiments 1 & 2 have good quality
and the quality is stable during polishing; on the contrary, for the conditioner provided in
comparative example 2, the highest tips of abrasive particles are uneven and the number of
scratches is only less than 50 to less than 100, which means the conditioner provided in
comparative example 2 has uneven quality, and the quality is not stable during polishing.
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In a further aspect, from FIG. 5, it can be known that the conditioners provided in
Embodiment 2 of the present invention have a polishing removal rate of approximately
250 to 300 um per hour, and approximately 100 to 150 scratches, and the conditioners
provided in Embodiment 1 of the present invention have a polishing removal rate of
approximately 150 to 200 um per hour, and approximately 125 to 150 scratches, which
means the conditioners provided in Embodiments 1 & 2 of the present invention are highly
stable and their quality can be easily controlled; on the contrary, the conditioner provided
in comparative example 2 has a polishing removal rate of approximately 125 to 225 um per
hour, and approximately 50 to 75 scratches, which means the conditioner provided in

comparative example 2 not only has fewer scratches but also has unstable quality.

FIG. 6 shows a comparison diagram of conditioner service time and removal rate
among the composite conditioners manufactured in the foregoing preparation example 2
(Embodiment 1 and Embodiment 2), the conditioner manufactured by the prior art brazing
method (comparative example 2) and the conditioner manufactured by the prior art
electroplating method (comparative example 3). From FIG. 6, it can be known that for the
conditioners provided in Embodiments 1 & 2 of the present invention, during polishing, the
removal rate decreases slowly with the increase of service time, which means the
conditioners provided by the present invention have the fastest conditioning rate and the
longest service life due to well-controlled flatness; on the contrary, the removal rate of the
conditioner provided in comparative example 2 fluctuates and is unstable, thereby causing a
problem in quality control, while the removal rate of the conditioner provided in

comparative example 3 is poor, and cannot save the time and cost of the polishing process.

FIG. 7 is a comparison diagram of the number of polished wafers and removal rate
between the composite conditioner manufactured in the foregoing preparation example 2
(Embodiment 2) and the conditioner manufactured by the brazing method (comparative
example 2). From FIG. 7, it can be known that compared with comparative example 2, the
conditioner provided in Embodiment 2 of the present invention can be used in the CMP

process to polish more wafers.

Application Example
FIG. 8 is a schematic view of CMP (chemical-mechanical planarization) process. As
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shown in FIG. 8, generally a wafer 4 is placed on the surface of the polishing pad 6, and
polishing slurry is provided via a pipeline 8 so that the slurry and the polishing pad 6 polish
each other. A conditioner 2 is arranged in another blank portion on the surface of the
polishing pad 6 to remove debris after polishing of the wafer. Here, the conditioner used can
be a conditioner manufactured in the foregoing preparation example of the present

invention.

In summary, the highest polishing apex of the existing whole-piece brazed diamond
conditioner often protrudes over 20 um more than the second highest apex, and the
protruding range of the top 10 highest abrasive particles is only 50 um; on the contrary,
when the foregoing method of the present invention is used to manufacture a composite
conditioner by the inverse and flush manufacturing method, the difference between the
highest polishing apex and the second highest apex can be reduced to below 10 um, so the
proportion of polishing tips that work effectively on the polishing units can be raised and the

removal rate and service life can be increased.

The foregoing embodiments are merely examples for the convenience of description,
and the scope of the claimed rights of the present invention should be subject to the scope of
claims, rather than be limited to the foregoing embodiments.

[BRIEF DESCRIPTION OF THE DRAWINGS]

FIG. 1A to FIG. 1G are schematic views of a flow for manufacturing a composition

conditioner in preparation example 1 of the present invention.

FIG. 2A to FIG. 2G are schematic views of a flow for manufacturing a composition

conditioner in preparation example 2 of the present invention.

FIG. 3 is a comparison diagram of tip height difference and number of working particles

between the present invention and a prior art conditioner.

FIG. 4 is a comparison diagram of the height difference between the first highest tip and the
second highest tip (um) and number of scratches between the present invention and a prior

art conditioner.

FIG. 5 is a comparison diagram of the number of scratches and removal rate between the
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present invention and a prior art conditioner.

FIG. 6 is a comparison diagram of conditioner service time and removal rate between the

present invention and a prior art conditioner.

FIG. 7 is a comparison diagram of the number of polished wafers and removal rate between

the present invention and a prior art conditioner.
FIG. 8 is a schematic view of the CMP process of the present invention.

FIG. 9 is a schematic view of an abrasive particle.

[DESCRIPTION OF REFERENCE SIGNS OF MAIN COMPONENTS]

first mold 10 base plate 24
opening 101 adhesive layer of which thickness is adjustable
23
temporary adhesive layer 11 composite conditioner 2
second mold 12 metal covering layer 212
orifice 121 protective layer 211
polishing unit 20 mold sealing layer 25
polishing tip 221 wafer 4
unit substrate 21 polishing pad 6
bonding layer 213 pipeline 8
22

EX1060, Page 139
S



Case 1:20-cv-00247-RGA-JLH  Document 20-6  Filed 07/27/20 Page 65 of 78 PagelD
#: 294

1537097

No. 101112625 Amendment Page
Seal: Amendment Supplement January 7, 2015
Seal: January 7, 2015 Amendment
VII. Claims:
1. A composite conditioner, comprising:
a base plate;

a plurality of polishing units, placed on the base plate and each polishing unit
including a bonding layer and a plurality of polishing tips that are bonded by the bonding

layer; and

an adhesive layer of which thickness is adjustable and used to secure the polishing

units on the base plate,

wherein a height difference between the first and second highest tips, between the first
and tenth highest tips, and between the first and 100" highest tips among the polishing tips
based on a predetermined plane is respectively less than 10 um, 20 pm, and 40 pum, and the

protrusion height of the first highest tip above the bonding layer is greater than 50 pm;

wherein of the 100 highest polishing tips, more than 50% have a crystal surface

coverage rate of less than 80%.

2. The composite conditioner according to claim 1, wherein the polishing tips used

to condition a polishing pad account for above 1% of all polishing tips.

3. The composite conditioner according to claim 1, wherein the area of the base
plate covered by the polishing units accounts for less than 40% of the total area of a surface

of the base plate.

4.  The composite conditioner according to claim 1, wherein the polishing units are
arranged in a single circle, double circles, multiple circles, a radial shape or a spiral shape on

the base plate.

5. The composite conditioner according to claim 1, wherein during conditioning,

at least more than 1,000 polishing tips will contact a polishing pad.
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6.  The composite conditioner according to claim 1, wherein the material of the

polishing tips is diamond, cubic boron nitride (CBN) or a combination thereof.

7. The composite conditioner according to claim 6, wherein the diamond is

chemically deposited diamond, polycrystalline diamond, or a combination thereof.

8.  The composite conditioner according to claim 1, wherein of the 100 highest

polishing tips, more than 50% have a crystal surface coverage rate of less than 50%.

9. The composite conditioner according to claim 1, wherein each polishing unit
further comprises a unit substrate, and the bonding layer is arranged between the surface of

the unit substrate and the polishing tips.

10. The composite conditioner according to claim 1, wherein the bonding layer is a

solder layer, an electroplated layer, a sintered layer, or a resin layer.

11. The composite conditioner according to claim 10, wherein each polishing unit
further comprises a metal covering layer, which covers the surface of the bonding layer and
of which material is at least one selected from a group consisting of Ni, Cr, Pd, Co, Pt, Au,
Ti, Cu, W and alloy thereof.

12. The composite conditioner according to claim 11, wherein each polishing unit
further comprises a protective layer, which covers the surface of the metal covering layer,
and of which material is Pd, Pt, silicon carbide, aluminum nitride, aluminum oxide, zirconia,

diamond-like carbon (DLC) or a combination thereof.

13. The composite conditioner according to claim 10, wherein the solder layer
contains more than 1 wt% of at least one selected from a group consisting of Cr, B, P, Tiand
alloy thereof, more than 50 wt% of at least one selected from a group consisting of Ni, Cu

and alloy thereof, or a combination thereof.

14. The composite conditioner according to claim 1, wherein the polishing units can

be disc-shaped, radial or polygonal.

15. The composite conditioner according to claim 14, wherein the diameter of the

disc-shaped polishing units is in the range of 5 to 30 mm.

16. The composite conditioner according to claim 1, wherein the base plate is
disc-shaped and its diameter is in the range of 80 to 120 mm.
24
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17. The composite conditioner according to claim 1, wherein the diameter of the

polishing tips is in the range of 100 to 500 pm.

18. The composite conditioner according to claim 1, wherein the material of the

adhesive layer of which thickness is adjustable is an organic adhesive.

19. The composite conditioner according to claim 1, wherein the polishing tips can
be patterned and arranged on the unit substrate, or the polishing tips form a plurality of
clusters, and the clusters are patterned and arranged on the unit substrate, and each cluster is

composed of two to six polishing tips.

20. The composite conditioner according to claim 1, wherein the space between the

polishing units is not less than 0.1 mm.

21. The composite conditioner according to claim 20, wherein the space is greater

than 0.5 mm.

22. The composite conditioner according to claim 1, wherein the thickness of the

adhesive layer on the bottom surface of the polishing units is in the range of below 0.6 mm.

23. The composite conditioner according to claim 22, wherein the top surface of the
polishing units is over 1 mm higher than the surface of the adhesive layer of which thickness
is adjustable.

24. A method for manufacturing a composite conditioner, comprising the following

steps:

arranging a second mold on a first mold, wherein the second mold has a plurality of

orifices;

arranging a polishing unit in each orifice of the second mold, wherein each polishing
unit comprises a bonding layer and a plurality of polishing tips that are bonded by the

bonding layer;

forming an adhesive layer of which thickness is adjustable and used to secure the

polishing units on the base plate; and
removing the first mold and the second mold to form a composite conditioner,
wherein a height difference between the first and second highest tips, between the first
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and tenth highest tips, and between the first and 100" highest tips among the polishing tips
based on a predetermined plane is respectively less than 10 um, 20 um, and 40 pum, and the

protrusion height of the first highest tip above the bonding layer is greater than 50 um; and

wherein prior to arranging the second mold on the first mold, the following steps are
further comprised: forming a temporary adhesive layer on the surface of the first mold, and
arranging the second mold on the surface of the temporary adhesive layer, so that the
temporary adhesive layer is sandwiched between the second mold and the first mold.

25. The method for manufacturing a composite conditioner according to claim 24,
wherein after removing the second mold, the following steps are further comprised:

removing the temporary adhesive layer.

26. The method for manufacturing a composite conditioner according to claim 24,
wherein one side of the polishing units has the polishing tips, and the adhesive layer of

which thickness is adjustable is arranged on the opposite side of the side.

27. The method for manufacturing a composite conditioner according to claim 26,
wherein the polishing units arranged in the orifices are in contact with the first mold by

means of the polishing tips.

28. The method for manufacturing a composite conditioner according to claim 27,
wherein after removing the second mold and the first mold, the following steps are further

comprised: forming a mold sealing layer to secure the polishing units.

29. The method for manufacturing a composite conditioner according to claim 24,

wherein the orifices of the second mold are arranged on the outer ring of the second mold.

30. The method for manufacturing a composite conditioner according to claim 29,
wherein the orifices of the second mold are 12 orifices formed with the outer ring of the

second mold.

31. A chemical-mechanical planarization (CMP) process, comprising the following

steps:

providing a polishing pad;

placing a wafer on the surface of the polishing pad and polishing the wafer and the
polishing pad with each other; and

26
EX1060, Page 143
S



Case 1:20-cv-00247-RGA-JLH  Document 20-6  Filed 07/27/20 Page 69 of 78 PagelD
#: 298

1537097

using a conditioner arranged on the surface of the polishing pad to remove debris after

polishing of the wafer, wherein the conditioner is the composite conditioner as in claim 1.

32. The CMP process according to claim 31, applicable to the production of logic
devices, dynamic random access memories (DRAMS), caches (flash memories) or hard

drives.

33. The CMP process according to claim 31, wherein the diameter of the wafer is
200 mm, 300 mm or 450 mm.

34. The CMP process according to claim 31, wherein the line width of ICs on the

surface of the wafer is smaller than or equal to 45 nm.

35. The CMP process according to claim 34, wherein the line width of ICs on the

surface of the wafer is smaller than or equal to 28 nm.

36. The CMP process according to claim 35, wherein the line width of ICs on the

surface of the wafer is smaller than or equal to 22 nm.

VIII. Drawings (See next page):
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F—I—G.—QDescrigtion:

BACKGROUND OF THE INVENTION

The sem conductor ndustry current y spends n excess of one b _on U.S. do ars each year manufacturng s con
wafers that must exh b t very f at and smooth surfaces. Known techn ques to manufacture smooth and even-surfaced
s _con wafers are p ent fu. The most common of these nvo ves the process known as Chem ca Mechan ca

Po sh ng (CMP) wh ch _nc udes the use of a po sh ng pad n comb nat on w th an abras ve s urry. Of centra
mportance na CMP processes s the atta nment of h gh performance eve s n aspects such as un form ty of

po_shed wafer, smoothness of the IC crcu try, remova rate for product v ty, ongev ty of consumab es for CMP
econom cs, etc.

SUMMARY OF THE INVENTION
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The present d sc osure prov des CMP pad dressers and assoc ated methods, nc ud ng w thout m tat on, methods

d rected to the manufacture and use of such dressers. In one aspect, for examp e, a CMP pad dresser can _nc ude a
support substrate and a p ura ty of superabras ve part c es secured to the support substrate w th each superabras ve
part c e extend ng away from the support substrate to a protrus on d stance. The p ura ty of superabras ve part c es
can be pos t oned such that the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn aong a
des gnated prof e wth a t p var at on of from about 5 m crons to about 100 m crons. In another aspect, the h ghest
protrud ng t p of each of the p ura ty of superabras ve partc es a gn a ong the des gnated prof e wth a tp var at on of
from about 10 m crons to about 50 m crons. In yet another aspect, the h ghest protrud ng t p of each of the p ura ty of
superabras ve part c es a _gn a ong the des gnated prof e wth a t p var at on of from about 20 m crons to about 40

m crons. In a further aspect, the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn aong
the des gnated prof e wth atp var aton of ess than about 20 m crons. The des gnated prof e can_nc ude any
geometr ¢ conf gurat on that can be usefu n dress ng a CMP pad, and any such conf gurat on s cons dered to be

w th n the present scope. Non- mt ng examp es can nc ude a p ane, a s ope, a curved shape, a dome shape, and
the ke, nc ud ng appropr ate comb nat ons thereof.

The pos t on ng of superabras ve part c es re at ve to the support substrate can a so be descr bed n terms of the
depths that the superabras ve part ¢ es cut nto a CMP pad when used to abrade the CMP pad. In one aspect, for
examp e, the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths of ess than about 20

m crons when used to abrade a CMP pad. In another aspect, the protrus ons of the p ura ty of superabras ve

part ¢ es produce cutt ng depths of from about 1 m cron to about 20 m crons when used to abrade a CMP pad. In yet
another aspect, the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths of from about 10

m crons to about 20 m crons when used to abrade a CMP pad.

As another exemp ary aspect of the present d sc osure, a CMP pad dresser can_nc ude a r g d support substrate and
a mono ayer of a p ura_ty of superabras ve part c es coup ed to the support substrate, where each superabras ve
partc e n the mono ayer extends from the support substrate to a protrus on d stance. In one aspect, the d fference n
protrus on d stance between the h ghest protrud ng t p and the second h ghest protrud ng t p of the mono ayer of
superabras ve partces s ess than or equa to about 50 m crons, and the d fference n protrus on d stance between
the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve partces s wth n about 80 m crons or_ess. In
another aspect, the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest
protrud ngtp s ess than or equa to about 10 m crons. In yet another aspect, the d fference n protrus on d stance
between the h ghest protrud ng t p and the second h ghest protrud ngtp s ess than or equa to about 10 m crons. In
a further aspect, the d fference n protrus on d stance between the h ghest protrud ng t p and the 10" h ghest

protrud ngtp s ess than or equa to about 20 m crons. In yet another aspect, the d fference n protrus on d stance
between the h ghest protrud ng t p and the 100*h ghest protrudng tp s ess than or equa to about 40 m crons.

As yet another exemp ary aspect of the present d sc osure, a CMP pad dresser can _nc ude a r g d support substrate
and a mono ayer of a p ura ty of superabras ve part c es coup ed to the support substrate, where the p ura ty of
superabras ve part ces nc udes a p ura ty of work ng superabras ve part ¢ es, such that rotat ng the dresser aga nst
a CMP pad cuts asper tes nto the CMP pad hav ng a cutt ng depth of ess than or equa to about 50 m crons. In
another aspect, the cutt ng depth s from about 10 m crons to about 50 m crons. In yet another aspect, the p ura ty of
work ng superabras ve part c es nc udes at east 100 work ng superabras ve part c es. In a further aspect, the p ura ty
of work ng superabras ve part ces nc udes at east 1000 work ng superabras ve part c es. In yet another aspect, the
p ura ty of work ng superabras ve part c es_nc udes from about 1000 to about 6000 work ng superabras ve part c es.
In another aspect, the p ura ty of work ng superabras ve part c es nc udes from about 2000 to about 5000 work ng
superabras ve part c es. In a further aspect, the p ura ty of work ng superabras ve part c es nc ude at _east about
1000 work ng superabras ve part ¢ es that protrude from the r g d support substrate to d stances w th n about 30

m crons of one another.

As another exemp ary aspect of the present d sc osure, a method of dress ng a CMP pad can nc ude app y ng a CMP.
pad dresser to a CMP pad, and mov ng at_east one of the CMP pad or the CMP pad dresser w th respect to one
another to cut aspertes nto the CMP pad hav ng a cutt ng depth of from about 10 m crons to about 50 m crons.

As a further exemp ary aspect of the present d sc osure, a CMP pad dresser_s prov ded nc ud ng a support substrate
and a p ura ty of superabras ve part c es secured to the support substrate and pos t oned to engage and dress a
CMP pad, where the p ura ty of superabras ve part c es cut to depths of ess than 50 m crons nto a CMP pad dur ng
a dress ng procedure.

There has thus been out ned, rather broad y, var ous features of the nvent on so that the deta ed descr pt on thereof
that fo_ows may be better understood, and so that the present contr but on to the art may be better apprec ated.
Other features of the present nventon w__become c earer from the fo ow ng deta ed descr pt on of the nvent on,
taken w th the accompany ng c a ms, or may be earned by the pract ce of the nvent on.

BRIEF DESCRIPTION OF THE DRAWINGS

S

EX1060, Page 193



Case 1:20-cv-00247-RGA-JLH  Document 20-7  Filed 07/27/20 Page 41 of 57 PagelD
#: 348
1537097

FIG. 1 s aschematc s de vew of a CMP pad dresser n accordance w th an embod ment of the present d sc osure;

FIG. 2 s a schematc s de vew of a CMP pad dresser n accordance w th an embod ment of the present d sc osure;

FIG. 3 s aschematc s de vew of a CMP pad dresser n accordance w th an embod ment of the present d sc osure;
and

FIG. 4 s a schematc s de vew of a CMP pad dresser n accordance w th an embod ment of the present d sc osure.

It w__be understood that the above f gures are mere y for _ustrat ve purposes n further ng an understand ng of the
nvent on. Further, the f gures are not drawn to sca e, thus d mens ons, part c e s zes, and other aspects may, and
genera y are, exaggerated to make ustrat ons thereof c earer. Therefore, departure can be made from the specfc
d mens ons and aspects shown n the fgures n order to produce the heat spreaders of the present nvent on.

DETAILED DESCRIPTION

Before the present nventon s d sc osed and descr bed, t s to be understood that ths nventon s not m ted to the
part cu ar structures, method steps, or mater a s d sc osed here n, but s extended to equ va ents thereof as wou d be
recogn zed by those ord nar y sk _ed n the re evant arts. It shou d a so be understood that term no ogy emp oyed
here n_s used for the purpose of descr b ng part cu ar embod ments ony and s not ntended to be _m t ng.

It must be noted that, as used n th s spec f cat on and the appended ¢ a ms, the s nqu ar forms “a,” “an” and, “the”
nc ude p ura referents un ess the context c ear y d ctates otherw se. Thus, for examp e, reference to “a d amond
partc e” ncudes one or more of such part c es and reference to “the ayer” nc udes reference to one or more of such

ayers.

DEFINITIONS
In descr b ng and c a m ng the present nvent on, the fo ow ng term noogy w _be used n accordance w th the
def ntons set forth be ow.

As used here n, the terms “cond t oner” and “dresser” can be used nterchangeab y, and refer to a too used to
cond t on or dress a pad, such as a CMP pad.

As used here n, “superabras ve” may be used to refer to any crysta ne, or po ycrysta ne mater a, or m xture of such
mater a s that has a Mohr's hardness of about 8 or greater. In some aspects, the Mohr's hardness may be about 9.5
or greater. In other aspects, superabras ve mater a s can be mater as hav ng a V cker's hardness of about 4000
Kag/mmzor greater. Su tab e superabras ve mater a_examp es can _nc ude, w thout m tat on, d amond, po ycrysta ne
d amond (PCD), cub ¢ boron n tr de (cBN), po ycrysta ne cub ¢ boron n tr de (PcBN), corundum and sapph re, as we
as other superabras ve mater a s known to those sk _ed n the art. Superabras ve mater a s may be ncorporated nto
varous toos n a varety of forms ncud ng partces, grts, f ms, ayers, p eces, segments, etc. Wh e superabras ve
mater a s are very nert and thus d ff cu t to form chem ca _bonds w th, t s known that certa n react ve e ements, such
as chrom um and t tan um are capab e of chem ca y react ng w th superabras ve mater a s at certa n temperatures.

As used here n, “part c e” refers, when used n connect on w th superabras ve part c es, to a part cu ate form of
superabras ve part ¢ e. Such part c es may take a var ety of shapes, nc ud ng round, ob ong, square, euhedra, etc.,
can be e ther s ng e crysta or po ycrysta ne, and can have a number of mesh s zes. As s known n the art, “mesh”
refers to the number of ho es per unt area, as n the case of U.S. meshes. A _mesh s zes referred to here n are U.S.
mesh un ess otherw se nd cated. Further, mesh s zes are genera y understood to _nd cate an average mesh s ze of a
gven co ecton of part c es s nce each partc e wth n a part cu ar “mesh s ze” may actua y vary over a sma

d str but on of s zes, un ess noted otherw se.

As used here n, “work ng superabras ve part c es” are superabras ve part c es that cut or otherw se deform a CMP
pad dur ng a dress ng or cond t on ng procedure. Th s act on can remove debr s from the surface, t can deform the
surface e ther e astca y or p astca vy, or t can create a groove or asper ty n the surface of the CMP pad. In one
spec f ¢ aspect, a work ng superabras ve part c e can cut deeper than about 10 m crons nto a CMP pad durng a
dress ng procedure.

As used here n, “non-work ng superabras ve part c es” are superabras ve part ces n a CMP pad dresser that do not
s gnfcanty cut or deform the pad suff c ent to remove debr s from the surface, deform the surface, or create grooves
n the surface.

As used here n, “over y-aggress ve superabras ve part c es” are superabras ve partces n a CMP pad dresser that
aggress ve y dress or cond t on a CMP pad. In one aspect, aggress ve superabras ve part c es are superabras ve
part c es that cut deeper than about 50 m crons nto a CMP pad dur ng a dress ng procedure. In another aspect,
aggress ve superabras ve part c es are superabras ve part c es that remove at_east 1 of the mater a_from the CMP
pad. In yet another aspect, aggress ve superabras ve part c es are superabras ve part ¢ es that remove at east %2 of
the mater a_from the CMP pad.

S
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As used here n, “work ng end” refers to an end of a part c e that s or ented towards the CMP pad and that durng a
dress ng operat on makes contact w th the pad. In many cases the work ng end of a partce w be d sta from a
substrate to wh ch the part c e s attached.

As used here n, cutt ng “t p” refers to a port on of a cutt ng e ement or part c e that protrudes the greatest d stance
from the support substrate, e.qg., that s the frst port on of the cutt ng e ement that contacts a CMP pad when n use. It
s to be understood that a cutt ng “t p” can _nc ude a p anar surface, a po nted surface, or an edge; so _ong as the

p anar surface, po nted surface or edge of the cutt ng e ement s the frst port on of the cutt ng e ement that contacts a
CMP pad from wh ch matera s to be removed.

As used here n, “sharp port on” refers to any narrow port on to wh ch a crysta or part ¢ e may converge, nc ud ng but
not m ted to corners, apexes, r dges, edges, obe sks, and other protrus ons. In some cases, corners and/or apexes
are formed at the convergence of more than two faces of the part c e or crysta , or other body, d sposed n

ntersect ng p anes. In other aspects, edges and/or r dges may be formed at the convergence of two or at_east two
faces of the part c e or crysta , or other body, d sposed n _ntersect ng p anes. In some aspects, “sharp port on” can
nc ude a port on that_s broken, ch pped, cracked, agged, and the ke. In some aspects, degrees of sharpness can
be corre ated w th the geometr ¢ ang e formed by the part c e, crysta, or other body, at the ocaton n queston. In
some aspects, an ang e of 90 degrees or_ess can be cons dered sharp. In other aspects, an ang e of 60 degrees or
ess can be cons dered sharp. In yet other aspects, and ang e of 45 degrees or_ess, or 30 degrees or_ess can be
cons dered to be sharp.

As used here n, cutt ng “edge” refers to a port on of a cutt ng e ement or part ¢ e that nc udes some measurab e w dth
across a port on that contacts and removes mater a from a workp ece. As an exemp ary _ustrat on, a typ ca _kn fe

b ade has a cutt ng edge that extends ong tud na y a ong the kn fe b ade, and the kn fe b ade wou d have to be

or ented transverse y to a workp ece to scrape or p ane mater a_from the workp ece n order for the cutt ng “edge” of
the kn fe b ade to remove mater a from the workp ece.

” o«

As used here n, “per phera y ocated,” “per phera ocaton,” and the ke, refer to any part ¢ e or other cutt ng e ement
of a dresser that s ocated n an area that or g nates at the ead ng edge or outer r m of a dresser and extends

nward y towards the center for up to about 90% of the rad us of the dresser. In some aspects, the area may extend
nward y from about 20% to 90% of the rad us. In other aspects, the area may extend n to about 50% of the rad us. In
yet another aspect, the area may extend n to about 33% of the rad us of a dresser (_.e. 66% away from the center).

» o«

As used here n, “centra y ocated partce,” “partce n acentra _ocaton,” and the ke refer to any part c e or other
cutt ng e ement of a too that s ocated n an area of the too that or g nates at a center po nt of the too_and extends
outward y towards the too's edge for up to about 90% of the rad us of the too . In some aspects, the area may extend
outward y from about 20% to about 90% of the rad us. In other aspects, the area may extend out to about 50% of the
rad us. In yet another aspect, the area may extend out to about 33% of the rad us of a too .

As used here n, “att tude” refers to the pos t on or arrangement of a superabras ve partce n re aton to a def ned
surface, such as a substrate to wh ch t s attached, or a CMP pad to whch t s to be app ed dur ng a work operat on.
For examp e, a superabras ve part ¢ e can have an att tude that prov des a spec f ¢ port on of the partce n

or entat on toward a CMP pad.

As used here n, “ead ng edge” refers to the edge of a CMP pad dresser that s a fronta_edge based on the d rect on
that the CMP pad s mov ng, or the d rect on that the pad s mov ng, or both. Notab y, n some aspects, the ead ng
edge may be cons dered to encompass not on y the area specfca y at the edge of a dresser, but may a so_nc ude
port ons of the dresser wh ch extend s ghty nward from the actua edge. In one aspect, the ead ng edge may be
ocated a ong an outer edge of the CMP pad dresser. In another aspect, the CMP pad dresser may be conf gured

w th a pattern of abras ve part c es that prov des at _east one effect ve_ead ng edge on a centra_or _nner port on of the
CMP pad dresser work ng surface. In other words, a centra_or _nner port on of the dresser may be conf gured to

prov de a funct ona_effect s m ar to that of a_ead ng edge on the outer edge of the dresser.

As used here n, the term “prof e” and “geometr ¢ prof €” can be used nterchangeab y, and refer to a predeterm ned
contour above a support substrate to wh ch a p ura ty of superabras ve part c es or other cutt ng e ements are
ntended to a gn. Examp es of such prof es may nc ude, w thout m taton, fat or p anar prof es, curved prof es,
wavy prof es, convex prof es, concave prof es, mut-t ered prof es, and the ke, nc ud ng comb nat ons thereof.

As used here n, “geometr ¢ conf gurat on” refers to a shape that s capab e of be ng descr bed n read y understood
and recogn zed mathemat ca terms. Examp es of shapes qua fy ng as “geometr ¢ conf gurat ons” nc ude, w thout

m tat on, cub ¢ shapes, po yhedra (ncud ng regu ar po yhedra ) shapes, tr angu ar shapes (nc ud ng equ atera
trang es, sosce es tr ang es and three-d mens ona_tr angu ar shapes), pyram da_shapes, spheres, rectang es, “p e”
shapes, wedge shapes, octagona shapes, crc es, etc.
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As used here n, “dress ng segment” refers to a dress ng or cond t on ng e ement of a CMP _pad dresser. In one
aspect, dress ng segments are ut _zed to carry superabras ve partc es havng eve ed t ps. Thus, n some cases
superabras ve part c es can be ntroduced nto a CMP pad dresser by the ncorporat on of mutp e dress ng
segments. It shou d be noted that a var ety of techn ques of attach ng the dress ng segments to the substrates, and a
var ety of techn ques of attach ng the superabras ve part c es to the dress ng segments, are possb e, a _of wh ch are
cons dered to be w th n the present scope. It s to be understood that a of these var ous attachment mechan sms can
be used nterchangeaby here n: that s, f a method of attach ng a dress ng segment to a substrate s d scussed

here n, the method of attachment d scussed can a so be used to attach superabras ve part c es to a dress ng
segment. For any part cu ar CMP pad dresser be ng d scussed, however, t s understood that attachment methods of
the superabras ve part c es to the dress ng segments can d ffer from, or can be the same as, the method used to
attach the dress ng segments to the pad cond t oner substrate.

As used here n, “cutt ng e ement” descr bes a var ety of structures capab e of remov ng (e.g., cutt ng) matera from a
CMP pad. A cutt ng e ement can be a mass hav ng severa cutt ng po nts, r dges or mesas formed thereon or there n.
It s notab e that such cutt ng po nts, r dges or mesas may be from a mutp cty of protrus ons or aspertes ncuded n
the mass. Furthermore, a cutt ng e ement can a so refer an_nd v dua part c e that may have on y one cutt ng po nt,

r dge or mesa formed thereon or there n.

As used here n, “organ ¢ mater a” refers to a sem so d or so_d comp ex or m x of organ ¢ compounds. “Organ ¢
mater a ayer” and “organ ¢ matr x” may be used nterchangeab y, and refer to a _ayer or mass of a semso d or so d
comp ex or m x of organ ¢ compounds, nc ud ng res ns, po ymers, gums, etc. The organ ¢ matera can be a po ymer
or copo ymer formed from the po ymer zat on of one or more monomers. In some cases, such organ ¢ mater a can be
adhes ve.

As used here n, the process of “braz ng” s ntended to refer to the creat on of chem ca bonds between the carbon
atoms of the superabras ve part c es/mater a s and the braze mater a . Further, “chem ca bond” means a cova ent
bond, such as a carb de or bor de bond, rather than mechan ca_or weaker nter-atom attract ve forces. Thus, when
“braz ng” s used n connect on w th superabras ve part c es a true chem ca bond s be ng formed. However, when
“braz ng” s used n connecton wth meta to meta bond ng the term s used n the more trad t ona_sense of a
meta urg ca bond. Therefore, braz ng of a superabras ve segment to a too_body does not necessar y requ re the
presence of a carb de former.

As used here n, “mechan ca bond” and “mechan ca bond ng” may be used nterchangeab y, and refer to a bond
nterface between two ob ects or _ayers formed prmar _y by fr ct ona_forces. In some cases the fr ct ona forces
between the bonded ob ects may be ncreased by expand ng the contact ng surface areas between the ob ects, and
by mpos ng other spec f c geometr ca_and phys ca conf gurat ons, such as substant a y surround ng one ob ect w th
another.

As used here n, “s nter ng” refers to the o n ng of two or more nd v dua part c es to form a cont nuous so_d mass.
The process of s nter ng nvo ves the conso dat on of part c es to at east parta y e m nate vo ds between part c es.

S nter ng may occur_n e ther meta or carbonaceous part c es, such as d amond. S nter ng of meta part c es occurs at
var ous temperatures depend ng on the compos t on of the mater a. S nter ng of d amond part c es genera y requ res
u trah gh pressures and the presence of a carbon so vent as a d amond s nter ng ad. S nter ng a ds are often present
to ad nthe s nter ng process and a port on of such may reman _n the fna product.

The term “meta c” refers to both meta s and meta o ds. Meta s nc ude those compounds typ ca y cons dered meta s
found wth n the transton metas, aka and aka earth metas. Examp es of meta s are Ag, Au, Cu, A, and Fe.

Meta ods ncude specfca vy S, B, Ge, Sb, As, and Te. Meta ¢ matera s aso ncude a oys or m xtures that nc ude
meta ¢ materas. Such a oys or m xtures may further nc ude add tona add t ves. In the present nvent on, carb de
formers and carbon wett ng agents may be nc uded as a oys or m xtures, but are not ant ¢ pated to be the ony

meta ¢ component. Examp es of such carb de formers are Sc, Y, T, Zr, Hf, V, Nb, Cr, Mo, Mn, Ta, W, and Tc.
Examp es of carbon wett ng agents are Co, N, Mn, and Cr.

As used here n, “nf trat ng” refers to a s tuat on where a mater a_s heated to ts me t ng po nt and then fows as a
qu d through the nterstta vo ds between part c es.

As used here n, the terms “substrate” and “support substrate” can be used nterchangeab y, and refer a port on of a
pad cond t oner that supports superabras ve mater a s, and to wh ch abras ve mater a s and/or superabras ve
segments that carry abras ve mater a s may be aff xed. Substrates can have a var ety of shapes, th cknesses, and/or
mater a s that are capab e of support ng abras ve mater as n a manner that_s suff c ent to provde a CMP pad
dresser usefu for ts ntended purpose. Substrates may be of a so d mater a, a powdered mater a_that becomes

so _d when processed, or a fex b e matera. Examp es of typ ca substrate materas nc ude wthout mtaton, metas,
meta a oys, ceram cs, re at ve y hard po ymers or other organ ¢c mater a s, g asses, and m xtures thereof. Further, the
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substrate may nc ude a mater a that ads n attach ng abras ve mater a s to the substrate, nc ud ng, w thout
m tat on, braz ng a oy matera, s nterng ads and the ke.

As used here n, the term “substanta y” refers to the comp ete or neary comp ete extent or degree of an act on,
character st c, property, state, structure, tem, or resu t. For examp e, an ob ect that s “substanta y” enc osed wou d
mean that the ob ect s e ther comp ete y enc osed or near y comp ete y enc osed. The exact a owab e degree of
dev at on from abso ute comp eteness may n some cases depend on the spec f ¢ context. However, genera y
speak ng the nearness of comp eton w__be so as to have the same overa resut as fabso ute and tota comp et on
were obta ned.

The use of “substanta y” s equa y app cab e when used n a negat ve connotat on to refer to the comp ete or near
comp ete_ack of an act on, character st c, property, state, structure, tem, or resut. For examp e, a compos ton that s
“substant a y free of” part c es wou d e ther comp ete y ack part c es, or so neary comp ete y ack part c es that the
effect wou d be the same as f t comp ete y acked part c es. In other words, a compos ton that s “substant a y free
of” an _ngred ent or e ement may st _actua y contan such tem as ong as there s no measurab e effect thereof.

As used here n, the term “about” s used to prov de fexb ty to a numer ca range endpo nt by prov d ng that a g ven
va ue may be “a_tte above” or “a_tte be ow” the endpo nt. However, t s to be understood that even when the term
“about” s used n the present spec fcaton n connecton w th a specfc numer ca va ue, that support for the exact
numer ca va ue rec ted apart from the “about” term no ogy s a so prov ded.

» o« » o«

In th s d sc osure, “compr ses,” “compr s ng,” “conta n ng” and “hav ng” and the ke can have the mean ng ascr bed to
them n U.S. Patent aw and can mean “nc udes,” “nc ud ng,” and the ke, and are genera y nterpreted to be open
ended terms. The terms “cons st ng of” or “cons sts of” are c osed terms, and nc ude on y the components,
structures, steps, or the ke specfca y sted n conuncton w th such terms, as we as that wh ch s n accordance
w th U.S. Patent aw. “Cons st ng essent a y of” or “cons sts essent a_y of’ have the mean ng genera y ascr bed to
them by U.S. Patent aw. In part cu ar, such terms are genera y c osed terms, w th the except on of a ow ng nc us on
of add tona tems, mater a s, components, steps, or e ements, that do not mater a vy affect the bas ¢ and nove
character st cs or funct on of the tem(s) used n connect on therew th. For examp e, trace e ements present n a
compos t on, but not affect ng the compos t ons nature or character st cs wou d be perm ss b e f present under the
“cons st ng essent a y of” anguage, even though not express y rected na st of tems fo ow ng such term no ogy.
When us ng an open ended term, ke “comprs ng” or “ncud ng,” t s understood that d rect support shou d be
afforded a so to “cons st ng essenta y of” anguage as we as “cons st ng of” anguage as f stated exp cty and v ce
versa.

As used here n, a p ura ty of tems, structura e ements, compos t ona_e ements, and/or mater a s may be presented
n a common _st for conven ence. However, these sts shou d be construed as though each member of the st s
ndvdua y dentfed as a separate and un que member. Thus, no nd vdua member of such st shou d be construed
as a de facto equ va ent of any other member of the same st so e y based on the r presentat on_n a common group
w thout nd cat ons to the contrary.

Concentrat ons, amounts, and other numer ca_data may be expressed or presented here n_n a range format. It s to
be understood that such a range format s used mere y for conven ence and brev ty and thus shou d be nterpreted
fexbyto ncude notonythe numerca vaues exp ctyrected as the mts of the range, but a so to ncude a_the
nd vdua numerca va ues or sub-ranges encompassed w th n that range as f each numer ca va ue and sub-range
s exp ctyrected. As an ustraton, a numer ca range of “about 1 to about 5” shou d be nterpreted to _nc ude not
ony the exp cty rected va ues of about 1 to about 5, but aso ncude ndvdua vaues and sub-ranges w th n the

nd cated range. Thus, ncuded n th s numerca range are nd vdua vaues such as 2, 3, and 4 and sub-ranges such
as from 1-3, from 2-4, and from 3-5, etc., aswe as 1,2, 3,4,and 5, ndvdua y. Ths same prncpe app es to
ranges rec t ng on y one numer ca vaue as a mn mum or a max mum. Furthermore, such an nterpretat on shoud
app vy regard ess of the breadth of the range or the character st cs be ng descr bed.

The Invent on

The present d sc osure genera y prov des CMP pad dressers, methods assoc ated w th pad cond t on ng (e.g.,
smooth ng, po sh ng, dress ng), and the CMP po _sh ng of a work p ece. Pad cond t oners accord ng to aspects of the
present d sc osure can be advantageous y ut zed, for examp e, n dress ng CMP pads that are used n po sh nqg,

fn sh ng or otherw se affect ng sem conductor mater a s. Specfca y, n some aspects the present d sc osure
concerns CMP pad dressers hav ng superabras ve part c es w th substanta y eve ed t ps. In other aspects, the
present CMP pad dressers can have superabras ve part c es that are a_gned across a des gnated prof e, and as
such, are “eve ed” w th respect to that prof e. Trad t ona CMP pad dresser manufactur ng methods, even many of
those descr b ng techn ques for_eve ng superabras ve partc e t ps pror to f xat on, genera y contan s gn f cant

var aton ntp he ght across the surface of the dresser that s not accounted for by an _ntended t p a gnment prof e.
Often, the superabras ve part c es are aff xed to the CMP pad dresser support n a manner that d srupts any eve ng

S
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that has occurred. For examp e, f xat on techn ques that ut _ze h gh heat and/or pressure can cause warp ng of the
dresser support as the dresser coo s. Thus, un ess steps are taken to avo d such warpage, superabras ve part c es
are not mantaned nther eve ed state fo ow ng coo ng of the dresser. Th s can be part cu ary prob emat c w th
braz ng techn ques.

A CMP pad dresser can be used to dress or cond t on a CMP pad by remov ng d rt and debr s (.e. deg az ng the
pad), as we as open ng up asper tes n the pad surface to capture and hod chemca s urry durng a po shng
procedure. As has been descr bed, due to d ff cu t es assoc ated w th superabras ve partce eve ng n many

trad t ona_manufactur ng processes, ony a sma_percentage of superabras ve partces n atyp ca CMP pad dresser
are pos t oned so as to penetrate or cut nto a CMP pad. As th s sma_percentage of superabras ve part c es become
worn, p ast ¢ deformat on of the CMP pad becomes _arge re at ve to the amount of CMP of pad that s cut.
Consequent y, the pad becomes h gh y deformed and accumu ated w th d rt. As a resu t the po_sh ng rate of the CMP
pad dec nes, and the scratch rate of the wafer or work p ece ncreases.

CMP pads are typ ca y made of a re at ve y soft po ymer, such as, for examp e, po yurethane. As the CMP pad s
engaged by the CMP pad dresser, the po ymer mater a s deformed frst by e ast ¢ stra n and then by p ast ¢ stran.
Eventua vy, the stra n energy n the deformed mater a_exceeds the bond energy dens ty (.e. the hardness of the pad)
and the po ymer mater a_ruptures. Thus, the funct on of superabras ve part c es n the CMP pad dresser_s to dress
the CMP pad mater a by break ng po ymer ¢ bonds through th s deformat on process. It shou d be noted that sharp
superabras ve part c e t ps can penetrate the CMP pad mater a w thout caus ng excess ve deformat on. As such, the
sharpness of a superabras ve part ¢c e can be def ned as be ng nverse to the deformed vo ume pr or to rupture. In
other words, the sma_er the vo ume of deformat on pr or to cutt ng, the sharper the cutt ng t p. Th s deformat on
nformat on can be used to determ ne the sharpness of superabras ve partc es n the CMP pad dresser.

Add tona vy, a superabras ve partce havng atp wth sma ertp rad us, such as wou d be the case w th a broken
corner, can cut more ¢ eany through the CMP pad w th ess deformat on as compared to a superabras ve partc e
hav ng a arger t p rad us. Consequenty, an rregu ary shaped superabras ve partc e t p can be sharper than a
euhedra_superabras ve corner hav ng an obtuse ang e re at ve to the CMP pad. Th s a so app _es to the d fference
between a superabras ve part c e corner as compared w th a superabras ve part c e face.

It s thus noted that sharp superabras ve part c e t ps can cut CMP pad mater as w th _ess deformat on and mater a
stran. Converse y, a du_superabras ve part ¢ e may deform but not cut the CMP pad mater a _because the stran
energy does not exceed the bond energy dens ty of the po ymer ¢ mater a . As the t ps of such part c es are worn, the
contact area between the po ymer ¢c mater a_and the partces ncrease. Th's ncrease n contact area resuts n an
ncrease n the deformat on vo ume of the pad. Due to the ncreased stra n energy requ red for the po ymer ¢ mater a
to rupture w th such an _ncreased deformat on vo ume, the number of superabras ve part c es cutt ng the po ymer c
matera w__decrease n re at on to the degree of du _ng dur ng a CMP process.

CMP pad dress ng can a so be affected by the proport on of superabras ve part c es n the CMP pad dresser that are
work ng and the proport on that are over y-aggress ve y cutt ng. As an examp e, a typ ca CMP pad dresser can have
greater than 10,000 superabras ve part c es. Of these 10,000 part c es, n some cases there may ony be a few

work ng superabras ve part ¢ es that are actua y ab e to cut the CMP pad. Add t ona v, out of these few work ng
superabras ve part ¢ es, there may be a sma_er proport on of over y-aggress ve superabras ve part ¢ es that cut over
50% of the ent re pad that s consumed dur ng cond t on ng, and n some cases can remove more that 25% of the
tota_pad matera. Th s uneven work oad d str but on can cause errat c CMP performance, and can resut n over
consumpt on of the CMP pad, ch pp ng of the over y-aggress ve superabras ve part c es that can scratch the wafer,
unpred ctab e wafer remova_rates, uneven wafer surface p anar zat on, shortened CMP pad dresser fe, compact on
of the CMP pad w th debr s, and the ke. Such effects can greaty ower the y e d of wafers or work p eces processed
under these cond t ons. A more effect ve norma_zat on of work oad d str but on across the surface of the CMP pad
dresser can_ead to a more un form y deg azed pad and more un form pad aspertes.

The present CMP pad dressers nc ude a_ayer of superabras ve part c es hav ng substanta y eve ed t ps across the
work ng surface of the f n shed CMP pad dresser. A var ety of techn ques can be ut zedto mantantp eve ng, and
any such techn que s cons dered to be w th n the present scope. A few non- m t ng examp es of such techn ques are
descr bed be ow. It s ntended that the term “ eve ng” w th respect to superabras ve part c es can refer to

superabras ve part c es that are_eve ed w th respect to a p anar prof e, as we as to superabras ve part c es that are
a_gned aong a des gnated prof e that s non-p anar. In the atter case, “eve ng” wou d thus descr be the a_gnment
of the superabras ve part c es a ong the des gnated prof e. So _n the case of a prof e hav ng a dome-shape, eve ed
superabras ve part c es wou d be part c es that were n a gnment w th the prof e.

Furthermore, superabras ve t p a gnment can add t ona_y be descr bed n terms of he ght d str but on, or n some
cases protrus on d stance from the support substrate that s represented by a he ght d str but on across the p ura ty of
superabras ve part c es. An even he ght d str but on of superabras ve part c es may funct on to more effect ve y
preserve the ntegr ty of the CMP pad dresser as compared to CMP pad dressers ack ng such an even he ght
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dstrbuton. Sm ary, a p ura ty of superabras ve part c es can be descr bed as extend ng away from a support
substrate to a predeterm ned he ght, represented by a protrus on d stance from the substrate, where the
predeterm ned he ghts of the partces a gn a ong a des gnated prof e. Thus, the actua d str but on of protrus on
d stances across the p ura ty of superabras ve partc es n a fn shed dresser can be compared aga nst the

des gnated prof e to determ ne the var ance, or degree of “ eve ng” ach eved.

In one aspect, for examp e, a CMP pad dresser s prov ded nc ud ng a support substrate and a p ura ty of
superabras ve part ¢ es secured to the support substrate, w th each superabras ve part ¢ e extend ng away from the
support substrate to a protrus on d stance, where the h ghest protrud ng t p of each of the p ura ty of superabras ve
partces a gn aong a des gnated prof e. Wh e t s ntended that the t ps of the superabras ve partces a gn aong
the des gnated prof e, some eve of dev at on may occur. These dev at ons may be a resu t of the des gn or
manufactur ng process of the too . G ven the w de var ety of s zes of superabras ve part c es that may potenta y be
ut zed nagventoo, such dev atons may be h ghy dependent on a part cu ar app _cat on. A so, when referr ng to
the des gnated prof e, t shou d be noted that the term “t p” s ntended to _nc ude the h ghest protrud ng po nt of a
superabras ve part ¢ e, whether that po nt be an apex, an edge, or a face.

As such, n one aspect the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the

des gnated prof e by from about 1 m cron to about 150 m crons. In another aspect, the p ura ty of superabras ve
part c es are arranged such that the r t ps vary from the des gnated prof e by from about 5 m crons to about 100

m crons. In yet another aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the
des gnated prof e by from about 10 m crons to about 75 m crons. In a further aspect, the p ura ty of superabras ve
part c es are arranged such that the r t ps vary from the des gnated prof e by from about 10 m crons to about 50

m crons. In another aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the

des gnated prof e by from about 50 m crons to about 150 m crons. In yet another aspect, the p ura ty of

superabras ve part ¢ es are arranged such that the r t ps vary from the des gnated prof e by from about 20 m crons to
about 100 m crons. In a further aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary
from the des gnated prof e by from about 20 m crons to about 50 m crons. In another aspect, the p ura ty of
superabras ve part ¢ es are arranged such that the r t ps vary from the des gnated prof e by from about 20 m crons to
about 40 m crons. Add tona y, n one aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps
vary from the des gnated prof e by ess than about 20 m crons. In another aspect the p ura ty of superabras ve

part c es are arranged such that the r t ps vary from the des gnated prof e by ess than about 10 m crons. In yet
another aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the des gnated

prof e by ess than about 5 m crons. In yet another aspect, the p ura ty of superabras ve part c es are arranged such
that the r t ps vary from the des gnated prof e by ess than about 1 m cron. In a further aspect, a ma or ty of the

p ura ty of superabras ve part c es are arranges such that the r t ps vary from the des gnated prof e to _ess than about
10% of the average s ze of the superabras ve part c es.

In another aspect, each of the p ura ty of superabras ve part c es can be def ned by a protrus on d stance from an
exposed surface of a b nd ng mater a_from wh ch they protrude to a predeterm ned he ght. Though the predeterm ned
he ght may vary between too _app cat ons, n one aspect the predeterm ned he ght may be greater than about 20

m crons. In another aspect the var at on from the predeterm ned he ght may be from about 1 m cron to about 20

m crons. In yet another aspect the var at on from the predeterm ned he ght may be from about 5 m crons to about 20
m crons. In a further aspect the var at on from the predeterm ned he ght may be from about 10 m crons to about 20

m crons. Superabras ve part c es may a so be arranged w th respect to arrangement or d str but on, att tude, s ze, etc.
Furthermore, the d str but on of protrus on of the p ura ty of superabras ve partc es s ref ected n the depth that the
part c es cut nto a CMP pad.

As such, n one spec f ¢ aspect the predeterm ned he ght or protrus on d stance may produce a cutt ng depth of ess
than about 20 m crons when used to dress a CMP pad. In another spec f ¢ aspect, the predeterm ned he ght or
protrus on d stance may produce a cutt ng depth of from about 1 m cron to about 20 m crons when used to dress a
CMP pad. In yet another spec f ¢ aspect, the predeterm ned he ght or protrus on d stance may produce a cutt ng
depth of from about 10 m cron to about 20 m crons when used to dress a CMP pad. It shou d a so be noted that the
eve ng of superabras ve part c es to a predeterm ned he ght may be dependent on superabras ve part c e spac ng. In
other words, the farther superabras ve part c es are separated, the more the mp ng ng forces w__affect each
superabras ve part c e. As such, patterns w th ncreased spac ng between the superabras ve part c es may benef t
from a sma _er var at on from predeterm ned he ght.

In one spec fc examp e, a p ura ty of cutt ng e ements such as superabras ve part c es can protrude to a

predeterm ned he ght above a b nd ng mater a such as, for examp e, a so d fed organ c matera _ayer. Though any
predeterm ned he ght that wou d be usefu n an abrad ng or cutt ng too_wou d be cons dered to be w th n the
presenty ¢ a med scope, n one spec f ¢ aspect the predeterm ned he ght may produce a cutt ng depth of ess than
about 20 m crons when used to abrade a workp ece. In another spec f ¢ aspect, the predeterm ned he ght may
produce a cutt ng depth of from about 1 m cron to about 20 m crons when used to abrade a workp ece. In yet another
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spec f ¢ aspect, the predeterm ned he ght may produce a cutt ng depth of from about 10 m cron to about 20 m crons
when used to abrade a workp ece. In yet another aspect, the predeterm ned he ght may produce a depth of up to or
more than 50 or 100 m crons.

As a further examp e, t may a so be benef c a for the cutt ng e ements to protrude from the b nd ng mater a , for
examp e, so dfed organ c matera_ayer to a predeterm ned he ght or ser es of he ghts that _s/are a ong a des gnated
prof e. Numerous conf gurat ons for des gnated prof es are poss b e, depend ng on the part cu ar use of the abrad ng
too . In one aspect, the des gnated prof e may be a p ane. In p anar prof es, the h ghest protrud ng po nts of the

cutt ng e ements are _ntended to be substanta y eve. It s mportant to po nt out that, though t s preferred that these
po nts a_gn w th the des gnated prof e, there may be some he ght dev at on between cutt ng e ements that occur due
to _mtatons nherent n the manufactur ng process.

In add t on to p anar prof es, n another aspect the des gnated prof e has a s ope. Too s hav ng s op ng surfaces may
funct on to more even y spread the fr ct ona forces mp ng ng thereon across the cutt ng e ements, part cu ary for
rotat ng too s such as d sk sanders and CMP pad dressers. The greater downward force app ed by h gher centra
port ons of the too _may offset the h gher rotat ona_ve oc ty at the per phery, thus reduc ng the mechan ca_stress
exper enced by cutt ng e ements n that ocat on. As such, the s ope may be cont nuous from a centra_po nt of the too
to a per phera po nt, or the s ope may be d scont nuous, and thus be present on ony a porton of the too. Sm ary, a
gven too may have asnge sope or mutpe sopes. In certa n aspects, the too may s ope n adrecton from a
centra_po nt to a per phera po nt, or t may s ope from a per phera po nt to a centra_po nt.

Var ous s opes are contemp ated that may prov de a beneft to so d fed organ ¢ matera ayer too s. It s not ntended
that the c a ms of the present nventon be mted as to specfc s opes, as a var ety of s opes n numerous d fferent
too s are poss b e. In one aspect, however, a CMP pad dresser may beneft from an average s ope of 1/1000 from the
center to the per phery.

As a varaton on too s hav ng a s ope, n certa n aspects the des gnated prof e may have a curved shape. One

spec f c examp e of a curved shape s a dome shape too . Such curved prof es functon n a s m ar manner to the
s oped surfaces. Too s may nc ude such curved prof es n order to more effect ve y d str bute the fr ct ona forces
between a_of the cutt ng e ements, thus reduc ng fa_ures of nd vdua partces and pro ong ng the fe of the too .

Furthermore, n some aspects the determ nat on of the d stance that the t ps of the cutt ng e ements extend from a

b nder mater a, such as an organ ¢ b nder, can a so be affected by cons der ng how much of the cutt ng e ements
extend above the b nder compared to how much of the cutt ng e ements rema n submerged beneath the b nder
surface. In one aspect, a rat o of an amount the cutt ng e ements protrude above the b nder to an amount submerged
beneath the b nder s about 4 to 1. In another aspect, about % of the cutt ng e ements are submerged, w th about
be ng exposed above the b nder. Other rat os are a so poss b e, from a 20 to 1 rat o to about 0.2 to 1, nc us ve of
ranges therebetween.

As a non- mtng examp e, n one aspect a CMP pad dresser can_nc ude a support substrate, such as a r g d support
substrate, and a mono ayer of a p ura ty of superabras ve part c es coup ed to the support substrate, where the

p ura ty of superabras ve partces ncudes a p ura ty of work ng superabras ve part c es. In use the dresser can be
engaged aga nst a CMP pad and cut aspertes nto the CMP pad hav ng a cutt ng depth of ess than or equa to
about 50 m crons. In another aspect, the cutt ng depth s from about 10 m crons to about 50 m crons. Addtona y, n
one aspect the p ura ty of work ng superabras ve partc es nc udes at east 100 work ng superabras ve partc es, at
east 300 work ng superabras ve part c es, or at_east 500 work ng superabras ve part c es. In another aspect, the

p ura ty of work ng superabras ve partc es nc udes at east 1000 work ng superabras ve part c es. In yet another
aspect, the p ura ty of work ng superabras ve part c es nc udes from about 1000 to about 6000 work ng

superabras ve part c es. In a further aspect, the p ura ty of work ng superabras ve part c es nc udes from about 2000
to about 5000 work ng superabras ve part c es. In yet another aspect, the p ura ty of work ng superabras ve part c es
nc ude at east about 1000 work ng superabras ve part c es that protrude from the r g d support substrate to d stances
w th n about 30 m crons of one another.

It s noted that, n some cases, the number of work ng superabras ve part c es can be determ ned by observ ng edge
or t p wear after use n a dress ng operat on. As such, n one aspect a CMP pad dresser can have greater than about
300 superabras ve part c es w th worn t ps or edges fo ow ng a CMP pad dress ng procedure. In another aspect, a
CMP pad dresser can have greater than about 500 superabras ve part ¢ es w th worn t ps or edges fo ow ng a CMP
pad dress ng procedure. In a further aspect, a CMP pad dresser can have greater than about 1000 superabras ve
part c es w th worn t ps or edges fo ow ng a CMP pad dress ng procedure.

In one examp e, superabras ve part c e t ps can be descr bed n terms of the d stance that each superabras ve partce
protrudes from the b nd ng mater a, or matr x_ayer. The d fference n protrus on d stance between the h ghest

protrud ng t p and the next h ghest protrud ng t p of the mono ayer of superabras ve partc es s descr bed as the
protrus on d fference. In one aspect, the protrus on d fference can be ess than or equa to about 50 m crons. In
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another aspect, the protrus on d fference can be ess than or equa to about 20 m crons. In a further aspect, the
protrus on d fference can be ess than or equa to about 10 m crons. It s noted that the term “protrus on d fference”
can a so be used to descr be the d fference n protrus on d stance between any two or more superabras ve part c es.

In another aspect, and n add t on to the protrus on d fference between the h ghest two protrud ng t ps, the d fference
n protrus on d stance between the h ghest 10 protrud ng t ps of the mono ayer of superabras ve partc es are wthn
about 30 m crons or_ess. In yet another aspect, the d fference n protrus on d stance between the h ghest 10

protrud ng t ps of the mono ayer of superabras ve part c es are w th n about 20 m crons or_ess.

Addtona y, n some aspects the d fference n protrus on d stance between the h ghest 1% of the protrud ng t ps of
the frst mono ayer of superabras ve part c es can be w th n about 80 m crons or_ess. In other words, for the 1% of the
p ura_ty of superabras ve part c es that have the h ghest protrud ng t ps, the var ance n protrus on d stance for that
1% s ess than or equa to about 80 m crons. For examp e, the two h ghest protrud ng superabras ve partc e t ps
protrude to w th n about 10 m crons or_ess of each other, and n add t on, the h ghest protrud ng 1% of superabras ve
part c e t ps protrude to w th n about 80 m crons or_ess of each other. In yet another aspect, the d fference n

protrus on d stance between the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve part c es are

w th n about 60 m crons or_ess. In yet another aspect, the d fference n protrus on d stance between the h ghest 1%
of the protrud ng t ps of the mono ayer of superabras ve part c es are w th n about 40 m crons or_ess.

It s noted that the rec ted protrus on d stances can _nc ude a d str but on across the ent re mono ayer surface or a

d screte area or segment of the mono ayer. For examp e, the h ghest 1% of protrud ng t ps can be ocated around the
per phery of the mono ayer. In one aspect, for examp e, substanta y a of the aspertes are cut n the CMP pad by
superabras ve part c es ocated at a per phera ocat on of the dresser. In another aspect, the per phera ocat on
extends from an outer edge of the dresser _nward y toward a center po nt of the dresser for up to about 90% of the
dresser rad us. In yet another aspect, the per phera ocat on extends from an outer edge of the dresser nward y
toward a center po nt of the dresser for up to about 50% of the dresser rad us. In a further aspect, the per phera
ocat on extends from an outer edge of the dresser nward y toward a center po nt of the dresser for up to about 33%
of the dresser rad us. Add tona y, n some aspects, substanta y a of the superabras ve part c es are ocated at a
per phera ocat on of the dresser. In other aspects, substanta y a of the superabras ve part c es are arranged n

un form predeterm ned pattern at a per phera ocat on of the dresser.

In another examp e, d screte reg ons of eve ed superabras ve part c e t ps can be ocated wth n a_arger area of
superabras ve part c es hav ng a_ower protrus on d stance than the eve ed porton. It s a so contemp ated that the
mono ayer can_nc ude mutp e reg ons or segments of superabras ve part c es that are eve ed as descrbed, wthn a
arger area of superabras ve part c es hav ng a_ower protrus on d stance.

Thus, the re at ve_eve ng of the mono ayer of superabras ve part c es can great y affect the morpho ogy and

d str but on of aspert es cut nto the CMP pad by the dresser. For examp e, n one aspect, the mono ayer s eve ed
such that rotat ng the dresser aga nst the CMP cuts asper t es hav ng a max mum cutt ng depth of about 80 m crons.
In another aspect, the mono ayer s eve ed such that rotat ng the dresser aga nst the CMP cuts asper t es hav ng a
max mum cutt ng depth of about 60 m crons. In yet another aspect, the mono ayer s eve ed such that rotat ng the
dresser aga nst the CMP cuts asper t es hav ng a max mum cutt ng depth of about 40 m crons. By form ng po nted
asper t es, the contact pressure between the work p ece and the CMP pad s ncreased, thus mprov ng the po sh ng
character st cs of the pad. As these po nted reg ons beg n to f atten, the contact pressure beg ns to decrease, and

s urry ocated therebetween s ess effect ve y pressed aga nst the work p ece. In some aspects t can be benefca for
the contact area between the pad and the wafer to be ess than or equa to about 1% of the tota wafer surface area
fac ng the pad. In other aspects, t can be benefc a for the contact area between the pad and the wafer to be ess
than or equa to about 0.1% of the tota wafer surface area fac ng the pad. Th s sma contact area_s due to the wafer
be ng perched on the contact po nts of the asper t es. Dur ng the po sh ng process, the sharp t ps of the aspertes
become worn, thus ncreas ng the contact area and decreas ng the contact pressure to a po nt whereby the s urry
abras ves do not effect ve y abrade the wafer. At th s po nt the remova rate of mater a_from the wafer drops, and the
pad needs to be redressed to resharpen the asper t es.

Add tona vy, the oad p aced on the CMP pad by the dresser can affect the morpho ogy of the spacers, such as, n
some cases, the asper ty depth. The oad can be ad usted for a g ven dresser to ad ust penetrat on depth. In one
aspect, for examp e, the oad can be from about 0.1 Kg to about 60 Kg. In other aspects, the oad can be from about
2 Kg to about 20 Kg. In further aspects, the oad may be from about 6 Kg to about 12 Kg. In some aspects the oad
may be Kg/m2. For examp e, n one aspect an 11.5 Kg oad can a ow a mater a remova_rate from the wafer of about
200 m crons per hour for Cu_ayers. In a re ated examp e, an 11.5 Kg oad can a ow a mater a remova_rate from the
wafer of about 100 m crons per hour for ox des. In many cases, a ower _oad can be used n order to m n m ze the
superabras ve part c e damage (e.g., ess than or equa to about 2 Kq).

Furthermore, eve ng of the t ps of the superabras ve part c es n the mono ayer a ows d ffer ng amounts of
superabras ve part ¢ es to actua y cut aspertes nto the pad. In one aspect, for examp e, the t ps are_eve ed such
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that at_east 100 t ps of the p ura ty of superabras ve part c es cut asper t es nto the CMP pad as the dresser s
rotated. In another aspect, the t ps are eve ed such that at east 50 t ps of the p ura ty of superabras ve part c es cut
asper tes nto the CMP pad as the dresser_s rotated. In a further aspect, the t ps are eve ed such that at east 25 t ps
of the p ura ty of superabras ve part c es cut aspertes nto the CMP pad as the dresser_s rotated.

Add tona vy, var ous methods can be ut zed to measure superabras ve part c e t p he ght to determ ne the d fference
n protrus on d stance between t ps. As such, any method for mak ng such a determ naton s cons dered to be wthn
the present scope. It shou d be noted that for the purposes of the present d sc osure, the term “protrus on” refers to
the he ght of a part c e re at ve to some reference po nt. Techn ques for such measurements can _nc ude d rect
measurements of the t p he ghts re at ve to a reference po nt such as, for examp e, the h ghest partc e t p, a surface
of a rgd support, the bottom surface of the matr x, etc. Measurements of part ¢ e he ght from the surface of the

matr x mater a_can be prob emat ¢, however, due to the rregu ar nature of such mater a s due to w ck ng around the
superabras ve part c es. In those cases whereby the matr x mater a s un form, such a surface may be used to
determ ne part c e he ght. Add t ona v, a re at ve protrus on or he ght d fference between two part c es wou d be the

d fference n the he ghts between these part ¢ es measured from a common reference po nt. Furthermore, n some
cases the superabras ve part ces may e aong a s ope, curvature, or some other arrangement that s not para e to
the undery ng support, such as, for examp e, a meta _support_ayer. In these cases, the protrus on he ght wou d be
norma_zed aga nst the s ope, curvature, or other arrangement so that the re at ve protrus on he ght d fference
between part c es can be measured n the absence of the s ope, curvature, etc. It shou d be noted that superabras ve
partc e tp he ght eve ng can, n some cases, be ndependent from the pos t on ng or pattern ng of the superabras ve
part c es across the surface of the dresser.

One examp e of a d rect measurement techn que can _nc ude an opt ca_scann ng process to eva uate superabras ve
partc e tp postons. In one such process, an opt ca_scanner can scan the surface of the CMP pad dresser to
determ ne the he ght of the superabras ve part c e t ps re at ve to a f xed po nt. For examp e, the scanner can scan
downward n space toward the dresser unt _the h ghest tp s ocated. The h ghest t p can then be set to the reference
po nt, and the scanner can cont nue scann ng n a d rect on toward the dresser measur ng the d stance from the
reference po nt to each superabras ve part c e t p across the surface of the dresser. Accord ng y, the d fference n
protrus on d stance between a of the superabras ve part ¢ es across the dresser can be d rect y measured.

Furthermore, measurement techn ques can a so_nc ude nd rect measurements, such as, for examp e, app y ng the
d amond mono ayer to a deformab e substrate that deforms re at ve to the protrus on d stance of the partc e t ps. The
d amond mono ayer can be pressed nto the deformab e substrate and/or moved across the deformab e substrate to
form a scratch pattern there n. T p he ght can thus be extrapo ated from such nd rect measurements.

Numerous conf gurat ons for des gnated prof es are poss b e depend ng on the part cu ar use of the abrad ng too ,
and a_such des gnated prof es are cons dered to be w th n the present scope. In one aspect, for examp e, the

des gnated prof e can be a p ane. In p anar prof es, the h ghest protrud ng po nts of the superabras ve part c es are
ntended to be substanta y eve n the tradtona sense. It s mportant to po nt out that, though t s preferred that
these po nts a_gn w th the des gnated prof e, there may be some he ght dev at on between superabras ve part c es
that occur due to _m tat ons nherent n the manufactur ng process.

In add t on to p anar prof es, n another aspect of the present nvent on the des gnated prof e has a s ope. Too s

hav ng s op ng surfaces may funct on to more eveny spread the fr ct ona forces mp ng ng thereon across the
superabras ve part c es, part cu ar y for rotat ng too s such as d sk sanders and CMP pad dressers. The greater
downward force app ed by h gher centra port ons of the too_may offset the h gher rotat ona ve oc ty at the per phery,
thus reduc ng the mechan ca_stress exper enced by superabras ve part c es n that ocat on. As such, the s ope may
be cont nuous from a centra po nt of the too to a per phera po nt, or the s ope may be d scont nuous, and thus be
present on ony a porton of the too. Sm ary, agven too may have asnge sopeormutpe sopes.Incertan
aspects, the too may s ope n a drecton from a centra_po nt to a per phera po nt, or t may s ope from a per phera
po nt to a centra_po nt. Var ous s opes are contemp ated that may prov de a beneft to so d fed organ c matera ayer
toos. It s not ntended that the ¢ a ms of the present nventon be m ted as to specfc s opes, as a var ety of s opes
n numerous d fferent too s are poss b e. In one aspect, however, a CMP pad dresser may beneft from an average

s ope of 1/1000 from the center to the per phery.

Furthermore, n certa n aspects the des gnated prof e may have a curved shape. One spec f ¢ examp e of a curved
shape s a dome shape CMP pad dresser. Such curved prof es functon n a s m ar manner to the s oped surfaces.
CMP pad dressers may nc ude such curved prof es n order to more effect ve y d str bute the fr ct ona forces
between a_of the superabras ve part c es, thus reduc ng fa ures of nd v dua part c es and pro ong ng the fe of the
dresser. A so, CMP pad dressers can have des gnated prof es that comb ne any of a p ane, a s ope, a curved shape,
a dome shape, and the ke, nto a var ety of comp ex prof es.

In another aspect of the present d sc osure, a CMP pad dresser can nc ude a support substrate, such as argd
support substrate, and a mono ayer of a p ura ty of superabras ve part c es coup ed to the support substrate, where

S
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each superabras ve part c e n the mono ayer extends away from the support substrate to a protrus on d stance, and
where the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest protrud ng t p
of the mono ayer of superabras ve partces s ess than or equa to about 50 m crons. Add tona vy, the d fference n
protrus on d stance between the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve part c es are

w th n about 80 m crons or_ess. In another aspect, the d fference n protrus on d stance between the h ghest

protrud ng t p and the second h ghest protrudng tp s ess than or equa to about 10 m crons. In yet another aspect,
the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest protrudng tp s ess
than or equa to about 10 m crons. In a further aspect, the d fference n protrus on d stance between the h ghest
protrud ng t p and the 10h ghest protrudng t p s ess than or equa to about 20 m crons. In yet another aspect, the
d fference n protrus on d stance between the h ghest protrud ng t p and the 100 h ghest protrudng tp s ess than or
equa to about 40 m crons.

In another aspect of the present d sc osure, a CMP pad dresser_s prov ded nc ud ng a support substrate and a
p ura ty of superabras ve part c es secured to the support substrate and pos t oned to engage and dress a CMP pad,
where the p ura ty of superabras ve part c es cut to depths of ess than 50 m crons nto a CMP pad dur ng a dress ng

procedure.

In a further aspect, a method of dress ng a CMP pad s prov ded. Such a method can nc ude app y ng a CMP pad

dresser to a CMP pad, and mov ng at_east one of the CMP pad or the CMP pad dresser w th respect to one another

to cut aspertes nto the CMP pad hav ng a cutt ng depth of from about 10 m crons to about 50 m crons. As one non-
m t ng examp e, an exemp ary CMP pad can _nc ude a support substrate and a mono ayer of a p ura ty of

superabras ve part ¢ es coup ed to the support substrate, where the p ura ty of superabras ve partces nc udes a

p ura ty of work ng superabras ve part c es.

In one exemp ary aspect, as s shown n FIG. 1, a CMP pad dresser 100 nc udes a mono ayer of a p ura ty of
superabras ve part c es 102 coup ed to a support substrate 104 w th, for examp e, a b nd ng mater a_105. Each
superabras ve part c e n the mono ayer protrudes to a protrus on d stance from the support substrate. The d fference
n protrus on d stance 106 between the h ghest protrud ng t p 108 and the next h ghest protrud ng t p 110 of the
mono ayer of superabras ve part c es s descr bed as the protrus on d fference. In one aspect, the protrus on

d fference can be ess than or equa to about 50 m crons. In another aspect, the protrus on d fference can be ess
than or equa to about 20 m crons. In a further aspect, the protrus on d fference can be ess than or equa _to about 10
m crons. It s noted that the term “protrus on d fference” can a so be used to descr be the d fference n protract on

d stance between any two or more superabras ve part c es.

A var ety of mater a s are contemp ated for use as superabras ve part ¢c es. Any superabras ve known that can be

ut zed n a CMP pad dresser shou d be cons dered to be w th n the present scope. Non- m t ng examp es of such
mater as nc ude d amond mater a s, ntrde mater a s, ceram cs, and the ke. In one aspect, the superabras ve
partces ncude d amond mater as. Such d amond mater as can_nc ude natura _or synthet c d amond, s ng e crysta,
po ycrysta ne, and the ke. In another aspect, the superabras ve part c es nc ude cub ¢ boron n tr de mater a s.

It s ntended that the scope of the present d sc osure nc ude superabras ve part c es of a _conce vab e s zes that
wou d be usefu n dress ng a CMP pad. Aspects of the present d sc osure, however, spec fca y a ow the retent on of
superabras ve partces n a CMP pad dresser of s zes that have not prev ous y been feas b e for use n meta toos
made us ng trad t ona_techn ques w th part c es exposed and arranged n a pattern. In one aspect, superabras ve
part c es may range n s ze from about 30 m crons to about 250 m crons. In another aspect, superabras ve part c es
may range n s ze from about 100 m crons to about 200 m crons. In yet another aspect, superabras ve part c es can
range from 100 m crons to 150 m crons. Add t ona v, var ous d amond part c es s zes can be used, nc ud ng mesh

s zes such as 10/20, 30/40, 80/90, 90/100, 100/120, 120/140, 140/170, 170/200, 200/230, 230/270, 270/325, and
325/400.

Add tona vy, the p ura ty the superabras ve part c es can be or ented so as to affect dress ng performance of a CMP
pad. Or ent ng the superabras ve partces n a specfc atttude n re aton to the CMP pad to be dressed creates

d fferent aspert es n the pad surface, thus a ter ng the performance of the CMP pad. D fferent aspertes retan s urry
n d fferent manners and thus po sh a workp ece d fferent y accord ng to asper ty depth, w dth, dens ty, etc. The
superabras ve part ¢ es of a CMP pad dresser can be or ented accord ng to the des red po sh ng character st cs of
the CMP pad. For examp e, fthe superabras ve part c es predom nant y have an apex or ented towards the CMP
pad, the asper t es of the pad w__be narrow and deep. The advantages of narrow and deep asper t es are that the
pad can better reta n the po sh ng s urry, and thus the po _sh ng rate of the wafer _ncreases. However, the ncreased
po sh ng rate may a so _ncrease the wear rate of the superabras ve part c es. As such, wear rate may vary depend ng
on the att tude of the superabras ve part c es, and therefore, the or entat on of each superabras ve part c e may be
cons dered when des gn ng a dev ce w th des red performance character st cs. Genera y speak ng, superabras ve
part c e att tudes that prov de h gher dress ng rates (.e. deeper penetrat on nto a pad) a so wear part c es out at a

h gher rate.
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In contrast, fthe superabras ve part c es are or ented w th a face towards the pad, the resu t ng aspertes may po sh
at a_ower rate. The face of the partce s genera y thought to be more durab e, but does not typ ca y cut deep and
narrow aspertes n the pad, but rather asper t es that are sha ow and broad. Therefore the face port on of a partce
w__dress a CMP pad at a reduced rate compared to the apex port on of a part ¢ e, but the superabras ve partce w
wear at a much ower rate.

The edge port ons of a superabras ve part c e have dress ng and wear character st cs that are between those of the

face and apex port ons. It has been thought that f the edge porton s ut zed to dress a CMP pad, the aspertes are
not as deep or narrow as those dressed w th an apex port on, but may prov de aspertes havng desrab e

ntermed ate character st cs. Further, the edge port on of the part c e does not wear at such a h gh rate as that of an

apex.

In one aspect, the p ura ty of superabras ve part c es are substanta y a confgured n an att tude hav ng e ther an
apex port on or an edge port on or ented toward a pad to be dressed. In another aspect, the p ura ty of superabras ve
part c es are substanta y a confgured n an att tude hav ng e ther an edge port on or a face port on or ented toward
a pad to be dressed. In yet another aspect, the p ura ty of superabras ve part c es can be conf gured n an att tude
hav ng a sharp port on or ented towards a pad to be dressed. In a further aspect, the p ura ty of superabras ve

part c es can be conf gured n an att tude hav ng an apex port on or ented towards a pad to be dressed.

A CMP pad dresser hav ng a substanta y eve ed t p arrangements can have a_ow scratch rate because
superabras ve partces are ess ke y to pu out of the matr x_ayer due to the r more un form protrus on d str but on
compared to trad t ona dressers. Add t ona y, the more un form protrus on d str but ons of such a dressers a ows the
cond t on ng of CMP pads n such a manner as to fac tate good po sh ng rates wh e at the same t me extend ng the
effect ve work ng fe of the dresser. These benef ts can be affected by, for examp e, un form asper ty spac ng and

s ze d strbut on _n the CMP pad.

CMP pad dressers hav ng substanta y eve ed or_eve ed superabras ve part c e t ps can be made us ng var ous
manufactur ng techn ques, and any such techn que s cons dered to be w th n the present scope. The fo ow ng
descr pt on prov des a few non- m t ng descr pt ons of such exemp ary processes.

In one aspect, for examp e, a CMP pad dresser can be made us ng a braz ng process, and as such wou d genera y
nc ude a support substrate and a p ura ty of superabras ve part c es coup ed to the support substrate by a meta or
meta a oy braze mater a. As has been descr bed, trad t ona_braz ng techn ques create warpage n the dresser as
the braze mater a coo s. As such, superabras ve part c e t ps that were _eve ed pr or to braz ng are substanta y

m sa gned n the manufactured dresser. Therefore, steps to m n m ze or e m nate the warpage must be taken when
us ng a braze process n order to mantantp eve ng. Varous techn gues to mn m ze or e m nate warpage are
contemp ated, and any such techn que s cons dered to be w th n the present scope.

As one genera_examp e, a CMP pad dresser can be made n at east a two stage process, where the frst stage s
performed n a manner that m n m zes perturbat ons of the eve ed t ps n a process that woud norma y sgnfcanty
move the superabras ve t ps out of a_eve ed arrangement, such as, for examp e, by braz ng. The second stage of the
process can further enhance the eve ng of superabras ve part c e t ps across the CMP pad dresser. Other examp es
may ncude ut zng ower temperature a oys, us ng s ow temperature ramp ng n heat ng and/or coo _ng of the
support substrate, us ng add t ona_mechan ca support to frm y ho d the support substrate from mov ng when
warpage occurs, and the ke.

Warpage can a so be mnmzed or e m nated through the structura des gn of the dresser. For examp e, n one
aspect a CMP pad dresser can_nc ude a frst mono ayer of superabras ve part c es d sposed on one s de of a meta
support_ayer and a second mono ayer of superabras ve part c es d sposed on the meta support _ayer on an oppos te
s de from the frst mono ayer. The superabras ve part c es of the second mono ayer are pos t oned to have

substant a_y the same d str but on as the superabras ve part ¢ es of the frst mono ayer. A rgd support s coup ed to
the second mono ayer of superabras ve part c es oppos te the frst mono ayer to prov de support to the dresser.

As s shown n FIG. 2, for examp e, a frst mono ayer of superabras ve part c es 202 s arranged on a surface of a
support substrate 204. A second mono ayer of superabras ve part c es 206 s arranged on the support

substrate 204 on a s de that s oppos te to the frst mono ayer. As s d scussed further be ow, n some cases the frst
and second mono ayers of superabras ve part c es can be arranged such that correspond ng superabras ve part c es
across the support ayer are n substanta a gnment, as s shown n FIG. 2. In other cases, the superabras ve

part c es of the frst and second mono ayers can be arranged n a substanta y s m ar d str but on, but may or may not
be substanta y a gned w th one another across the support substrate.

The d spos t on of a mono ayer of superabras ve part c es on each s de of the support substrate thus moderates the
therma_shr nkage from the braz ng temperature that wou d otherw se buck e a d str but on of superabras ve part c es
arranged on _ust one s de. By app y ng a mono ayer to each s de of the support substrate, warp ng forces such as
therma_movement and pressure can be equa zed or substanta y equa zed from both s des. As such, the warpage
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of the support substrate can be m n m zed. In other words, the forces respons b e for warp ng are app ed

substant a y equa y to each s de of the support substrate and can thus at east parta y cance one another out, thus
m n m z ng warpage that can otherw se occur. In some aspects, the superabras ve part c es mak ng up the

mono ayers on each s de of the support substrate can have match ng conf gurat ons, patterns, or or entat ons to one
another. In th s way there can be a substant a y match ng spata _arrangement of superabras ve part c es on each

s de of the support substrate. In another aspect, the conf gurat ons, patterns, or or entat ons can be d fferent or var ed
from one another, or may be part a y match ng. In yet another aspect, the patterned p acement of the superabras ve
part c es on one s de of the support substrate can be substanta y a gned w th the pattern of superabras ve part c es
on the other s de of the support substrate so that part c e ocat ons match one another. In some aspects, there can be
a d rect correspondence between the spat a pos t on ng of superabras ve part c es on one s de of the support
substrate and the spata pos t on ng of superabras ve part c es on the other s de of the meta_support substrate. In
another aspect, the patterns of superabras ve part c es may match or substant a y match one another, but may be
offset on oppos te s des of the support substrate so that part c e ocat ons do not match one another.

Accord ngy, m n m z ng the warpage of the support substrate can ma nta n a greater degree of eve ng of
superabras ve partce t ps n the fn shed too . When heat and/or pressure are used to make a superabras ve too ,
warpage of the support substrate can cause great var atons n tp he ght eve , even for those part c es that were

eve ed pr or to heat ng and/or app y ng pressure. In one aspect, d str but ng the warpage forces equa vy or

substant a y equa y on both s des of a support substrate through the arrangement of the superabras ve part c es can
effect ve y cance forces on oppos ng s des and thus great y reduce the degree of warp ng occurr ng n the support
substrate, thus a so m nm z ng the re at ve he ght movement of the superabras ve part c es re at ve to one another. In
other aspects, CMP pad dressers can be made us ng processes that do not ut zed h gh pressure and/or h gh

temperature.

The support substrate can be any mater a_capab e of support ng the d amond mono ayer dur ng too format on. Such
mater as can nc ude, w thout m taton, meta materas, meta a oy materas, braze a oy materas, ceramc
mater a s, compos tes, and the ke.

In one aspect, the superabras ve part c es can be arranged nto a predeterm ned pattern. Such a pattern can be a

un form y d str buted pattern or a non-un form y d str buted pattern. Add t ona v, a var ety of techn ques are

contemp ated to fac tate the arrangement of superabras ve part c es nto a predeterm ned pattern. Predeterm ned s
understood to mean a non-random pattern that has been determ ned pr or to arrang ng the superabras ve partc es. In
one aspect, a predeterm ned pattern can a so app y to a predeterm ned spac ng between part c es. Non- mtng
examp es of such techn ques nc ude arrangement by a temp ate, arrangement us ng spots of adhes ves,
arrangement on a f rst substrate fo owed by a pattern spec f ¢ transfer from the f rst substrate to the support
substrate, and the ke, nc ud ng comb nat ons thereof. The superabras ve part c es from e ther of the mono ayers can
be temporar y he d n poston n the predeterm ned pattern us ng a var ety of techn ques, nc ud ng, w thout m tat on,
adhes ves, d mp ed ocat ons on the meta support matr x, a support ng compound such as, for examp e, a wax, and
the ke, nc ud ng comb nat ons thereof. In one spec f ¢ aspect, the superabras ve part c es can be temporar y

coup ed to the support substrate us ng an adhes ve that then vo at zes away and s e m nated dur ng construct on of
the dresser.

In one aspect, the predeterm ned pattern can be a un formy d str buted gr d. In another aspect, the predeterm ned
pattern can be an annu ar conf gurat on hav ng a centra reg on devo d of superabras ve part c es. In one specfc
aspect, the annu ar conf gurat on can _nc ude an annu ar r ng. In another spec f ¢ aspect, the annu ar conf gurat on
can_nc ude a port on of an annu ar r ng. In yet another aspect, an annu ar conf gurat on can_nc ude one or more
concentr ¢ annu ar r ngs nested ns de one another. In other aspects, the mono ayer d str but on can be d screte rad a
regons, sp ra regons, and the ke.

In another aspect, as s shown n FIG. 3, a frst mono ayer of superabras ve part c es 302 s arranged on a surface of
a support substrate 304. A second mono ayer of superabras ve part c es 306 s arranged on the support

substrate 304 on a s de that s oppos te to the frst mono ayer. A bond ng mater a 308 secures the frst mono ayer
and the second mono ayer to the support substrate 34. The bond ng mater a_can be any mater a_capab e of secur ng
the frst and second mono ayer to the support substrate. In some aspect, the bond ng mater a_can be the same for
secur ng the frst mono ayer and the second mono ayer, wh e n other aspects the bond ng mater a can be d fferent
for secur ng the frst mono ayer and the second mono ayer.

It s noted that the var ous descr pt ons of mater a s, attachment techn ques, and the ke, can be genera y app cab e
to any CMP pad dresser des gn to wh ch such mater a s, techn ques, and the ke are app cab e. For examp e, a
mater a_that can be used to secure a superabras ve part c e to a substrate can be used n both dua mono ayer and
s ng e mono ayer dresser des gns.
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Accord ng vy, the bond ng mater a _can be any mater a_capab e of secur ng superabras ve part c es there n. Non-
m t ng examp es of bond ng materas nc ude meta brazes, meta braze a oys, organ ¢ matr x mater a s, s ntered
mater a s, e ectrop ated mater a s, and the ke, nc ud ng comb nat ons thereof.

In one aspect, for examp e, the superabras ve part c es can be brazed to the support substrate, and thus the bond ng
mater a_can be a meta braze or meta braze a oy. Meta braz ng techn ques are known n the art. A green braze
mater a can be app ed to the support substrate on or around the superabras ve part c es. The meta _braze can be
app_ed n any known conf gurat on, nc ud ng braze sheets, powders, pastes, sprays, and the ke, ncud ng

comb nat ons thereof. Once app ed to the support substrate, the braze can be heated and me ted to coat at east a
port on of the support substrate and to bond the superabras ve part c es. The heat ng temperature can vary

depend ng on the braze mater a_used, but n one aspect can be from about 700° C. to about 1200° C.

In one non- mtng examp e, the superabras ve part c es can be bonded to the support substrate by braz ng w th a
n cke -based a oy conta n ng chrom um. In another examp e, the braz ng can nc ude press ng the superabras ve
part c es wth a f at ceram ¢ mater a_that cannot be bonded to the braze n order to _eve the superabras ve partce
t ps. Var ous braze a oys are contemp ated, nc ud ng non- mtng examp es such as BN ,, BN ;, and the ke.

Addtona y, none aspect superabras ve part c es can be coup ed to the support substrate by an e ectrodepos t on
process, and thus the bond ng mater a_can be an e ectrodepos ted meta matera . As an examp e of asutab e
method for pos t on ng and reta n ng abras ve mater a s pror to and dur ng the e ectrodepos t on process, a mod can
be used that ncudes an nsu at ng mater a_that can effect ve y prevent the accumu at on of e ectrodepos ted mater a
on the mo d ng surface. Superabras ve part ¢ es can be he d on the mo d ng surface of the mo d dur ng e ectro
depos t on. As such, the accumu at on of e ectrodepos ted mater a_can be prevented from occurr ng on the partc e

t ps and the work ng surface of the pad cond t oner substrate. Such techn ques are descrbed n U.S. patent

app _caton Ser. No. 11/292,938, f ed Dec. 2, 2005, wh ch s hereby ncorporated here n by reference.

In another aspect, the superabras ve part c es can be bonded to the support substrate by s nter ng, and thus the
bond ng matera can nc ude a s nter ng mater a. For examp e, the bond ng of the superabras ve part c es to the
support substrate can _nc ude d spos ng a s nter ng compound on the support substrate n contact w th the p ura ty of
superabras ve part ¢ es, and s nter ng the s nter ng compound to bond the superabras ve part ¢ es to the support
substrate. Su tab e s nter ng methods w__be read y apprec ated by one of ord nary sk __n the art hav ng possess on
of th s d sc osure. Bas ca vy, a s nter ng compound s app _ed around the superabras ve part c es and n contact w th
the support substrate. The s nter ng compound can be any known s nter ng mater a_that can be used to secure
superabras ve part ¢ es to a substrate. Non- m t ng examp es of such mater a s can _nc ude meta and meta a oy
powders, ceram ¢ powders, and the ke. One specfc non- mtng examp e of a s nter ng compound s coba t powder.

Once the s nter ng compound has been app _ed around the superabras ve part ¢ es and to the support substrate, heat
and n some cases pressure can be app ed to cause s nter ng to occur. In some aspects, a braze or braze a oy can
be nf trated nto the s nter ng compound dur ng bond ng to further strengthen the bond ng mater a_matr x.

In yet another aspect, s nter ng can be used to s nter the p ura ty of superabras ve part c es nto a CMP pad dresser,
where the support substrate s the s nter ng matera. In th s case, the above rec ted procedure can be repeated
w thout the use of a support substrate.

In another aspect, heat and pressure can be app ed to bond the p ura ty of superabras ve partces drecty nto the
support substrate. Thus, upon the app cat on of heat and pressure, the support substrate can be softened or parta y
me ted. The superabras ve part c es are then pressed nto the support substrate. A p anar_eve ng surface can be
used to app v pressure to the mono ayer of superabras ve part c es to thus ma nta n the eve nature of the
superabras ve part c e t ps as the superabras ve part c es are pressed nto the support substrate. Pressure can be
ma nta ned upon the support substrate and superabras ve part c es unt _coo ed, thus m nm z ng warp ng.

In yet another aspect, as s shown n FIG. 4, a dua mono ayer CMP pad dresser can_nc ude a frst mono ayer of
superabras ve part ¢ es 402 and a second mono ayer of superabras ve part c es 406 coup ed to a support

substrate 404. The superabras ve part c es can be coup ed to the support substrate d recty or va a bond ng matera.
The second mono ayer of superabras ve part c es 406 s coup ed to a second support substrate 408. A port on of the
second support substrate s shown removed n FIG. 4 to expose the second mono ayer. The second support
substrate 408 can fac tate hand ng and use of the CMP pad dresser. By bond ng the superabras ve part c es of the
second mono aver to the second support substrate, the f rst mono ayer of superabras ve part c es rema ns exposed
for CMP pad cond t on ng operat ons.

The second support substrate can be made from any mater a compat b e w th the abrad ng or dress ng process.
Such mater as can_nc ude po ymer ¢ mater a s, meta mater a s, ceram ¢c mater a s, g asses, compos tes, and the
ke. In one aspect, the second support substrate can be a po ymer ¢ mater a_and the second mono ayer of
superabras ve part c es can be embedded there n us ng heat, pressure, adhes ves, etc. In some aspects, the second
support substrate can be a non-po ymer ¢c mater a_such as a meta_avyer. In such cases, the superabras ve part c es
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can be bonded to the second support substrate by adhes ve attachment, so der ng, braz ng, e ectrop at ng, and the

ke. For braz ng techn ques, care can be taken to m n m ze or e m nate warpage n the substrate dur ng the heat ng
and coo ng process. In another aspect, one or more magnet c e ements can be p aced nto the second support
substrate to attract and ho d the CMP pad dresser n p ace, thus form ng a temporary attachment. An opt ona_ock ng
mechan sm can be ut zed to further mmob ze the CMP pad dresser to the second support substrate dur ng use. In
some aspects the second support substrate can _nc ude surface features to ho d the dresser n p ace dur ng rotat ona
movement aga nst a CMP pad. The second support substrate can have approx mate y the same d ameter as the
meta support ayer, a arger d ameter than the meta support ayer, or, n some cases, a sma er d ameter than the
meta support ayer.

In another aspect, a CMP pad dresser can be compr sed of a p ura ty of dress ng segments hav ng a p ura_ty of

eve ed superabras ve part c es t ps, where the p ura ty of dress ng segments are hed n p ace by a rgd support or
support substrate. Such a des gn a ows a p ura ty of sma_er dress ng segments to be manufactured hav ng prec sey
eve ed t ps. Sma_er d ameter support_ayers n these dress ng segments can be made by processes nvo v ng heat
and/or pressure w th_ess warpage due to ther sma er s ze. For examp e, a4 nch d ameter meta dsc can exhb t
greater warp ng due to braz ng as compared to a 0.5 nch d ameter meta d sc. Thus therma d stort on and partc e
foat ng prob ems are decreased. A p ura ty of such dress ng segments can then be coup ed to a_arger d ameter
support substrate by processes that do not ntroduce s gn f cant warpage, such as bond ng n an organ ¢ matera.
Such dress ng segments can have one or more aver(s) of superabras ve part c es coup ed to a support_ayer. In one
aspect, a segment can have a s ng e _ayer of superabras ve part c es coup ed to a support_ayer. In another aspect, a
segment can have a_ayer of superabras ve part c es coup ed to each s de of a support_ayer, as has been descr bed
here n. Thus, th s process a ows the manufacture of CMP pad dressers that can have prec se t p protrus on

to erances. Add tona y, n one aspect, each dress ng segment can have at east three superabras ve part c es that
protrude to the greatest extent. If the three h ghest protrud ng superabras ve part c es on every dress ng segment are
eve ed across the ent re support substrate, a CMP pad dresser s made hav ng very prec se t p_eve ng across the
ent re surface. If, for examp e, ten dress ng segments are used to make the CMP pad dresser, then the h ghest
protrud ng th rty superabras ve partces n the too w__have effect ve y the same protrus on d stance and be
substanta y eve ed. Varous add tona deta s regard ng dress ng segments are deta ed n U.S. patent app caton
Ser. No. 13/034,213, f ed Feb. 24, 2011, wh ch s hereby ncorporated here n by reference.

Var ous organ ¢ mater a s are contemp ated for use as a support substrate, and/or to secure a second mono ayer of
superabras ve part ¢ es and/or the dress ng segments to the support substrate. Examp es of su tab e organ ¢ matr x
materas nc ude, wthout m tat on, am no res ns, acry ate res ns, a kyd res ns, po yester res ns, po yam de res ns,
po y mde res ns, po yurethane res ns, pheno c res ns, pheno c/ atex res ns, epoxy res ns, socyanate res ns,
socyanurate res ns, po ys oxane res ns, react ve v ny res ns, po yethy ene res ns, po ypropy ene res ns, po ystyrene
res ns, phenoxy res ns, pery ene res ns, po ysu fone res ns, acry on tr_e-butad ene-styrene res ns, acry cresns,

po ycarbonate res ns, poy m de res ns, and m xtures thereof. In one spec f ¢ aspect, the organ ¢ matera can be an
epoxy res n. In another aspect, the organ ¢ mater a can be a poy m de res n. In yet another aspect, the organ c
mater a can be a po yurethane res n.

Add tona vy, so-ca ed “reverse cast ng” methods can be used to accurate y or ent and attach the dress ng segments
to the support substrate. Such methods can ncude nta y securng the p ura ty of dress ng segments to a substrate
us ng a “mask” mater a. The port ons of the dress ng segments protrud ng from the mask mater a_can then be
attached to the r g d support us ng the methods d scussed here n, after wh ch (or dur ng wh ch), the mask ng mater a
can be removed.

When an organ ¢ matera_s ut_zed, methods of cur ng the organ ¢ mater a_can be a var ety of processes known to
one sk ed n the art that cause a phase trans t on n the organ c matera from at east ap ab e state to at eastargd
state. Cur ng can occur, w thout _m tat on, by expos ng the organ ¢ mater a_to energy n the form of heat,

e ectromagnet ¢ rad at on, such as u trav o et, nfrared, and m crowave rad at on, part c e bombardment, such as an

e ectron beam, organ c cata ysts, norgan c cata ysts, or any other cur ng method known to one sk _ed n the art.

In one aspect of the present nvent on, the organ ¢c mater a_can be a thermop ast ¢c mater a. Thermop astc materas
can be revers b y hardened and softened by coo ng and heat ng respect ve y. In another aspect, the organ ¢ mater a
ayer may be a thermosett ng mater a. Thermosett ng mater a s cannot be revers b y hardened and softened as w th
the thermop ast ¢ mater a s. In other words, once cur ng has occurred, the process can be essenta y rreversbe, f
des red.

As a more deta ed st of what s descr bed above, organ ¢ mater a s that may be usefu _n embod ments of the
present nventon nc ude, but are not m ted to: am no res ns_nc ud ng a ky ated urea-forma dehyde res ns,

me am ne-forma dehyde res ns, and a ky ated benzoguanam ne-forma dehyde res ns; acry ate res ns _nc ud ng v ny
acry ates, acry ated epox es, acry ated urethanes, acry ated po yesters, acry ated acry cs, acry ated po yethers, v ny
ethers, acry ated o s, acry ated s _cons, and assoc ated methacry ates; a kyd res ns such as urethane a kyd res ns;
po yester res ns; po yam de res ns; poy m de res ns; react ve urethane res ns; po yurethane res ns; pheno c res ns
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such as reso e and novo ac res ns; pheno c/ atex res ns; epoxy res ns such as b spheno_epoxy res ns; socyanate
res ns; socyanurate res ns; po ys oxane res ns nc ud ng a ky a koxys ane res ns; reactve v ny res ns; res ns
marketed under the Bake te™ trade name, nc ud ng po vethy ene res ns, po ypropy ene res ns, epoxy res ns,
pheno c res ns, po ystyrene res ns, phenoxy res ns, pery ene res ns, po ysu fone res ns, ethy ene copo ymer res ns,
acry on tr_e-butad ene-styrene (ABS) res ns, acry c resns, and v ny res ns; acry c res ns; po ycarbonate res ns; and
m xtures and comb nat ons thereof. In one aspect of the present nvent on, the organ ¢ matera_may be an epoxy
res n. In another aspect, the organ ¢ mater a may be a poy mde res n. In yet another aspect, the organ ¢ mater a
may be a po yurethane res n.

Numerous add t ves may be nc uded n the organ c mater a to fac tate ts use. For examp e, add t ona_cross nk ng
agents and f_ers may be used to_mprove the cured character st cs of the organ ¢ matera ayer. Addtona vy,

so vents may be ut zed to a ter the character st cs of the organ ¢ mater a _n the uncured state. A so, a re nforc ng
mater a_may be d sposed w th n at_east a port on of the so d fed organ c matera ayer. Such re nforc ng mater a
may funct on to_ncrease the strength of the organ ¢ mater a _ayer, and thus further mprove the retent on of the

nd v dua abras ve segments. In one aspect, the re nforc ng matera_ may nc ude ceram cs, meta s, or comb nat ons
thereof. Examp es of ceram cs ncude aumna, aumnum carbde, s ca, s con carb de, zrcon a, zrcon um carb de,
and m xtures thereof.

Addtona y, none aspect a coup ng agent or an organometa ¢ compound may be coated onto the surface of a
superabras ve mater a_to fac tate the retent on of the superabras ve part c es n the organ ¢ matera va chemca
bond ng. A w de var ety of organ ¢ and organometa ¢ compounds s known to those of ord nary sk n the art and
may be used. Organometa c coup ng agents can form chem ca s bonds between the superabras ve mater a s and
the organ c mater a, thus ncreas ng the retent on of the superabras ve mater a s there n. In th s way, the
organometa ¢ coup ng agent can serve as a br dge to form bonds between the organ ¢ mater a_and the surface of
the superabras ve mater a . In one aspect of the present nvent on, the organometa c coup ng agent can be a
ttanate, z rconate, s ane, or m xture thereof. The amount of organometa ¢ coup ng agent used can depend upon
the coup ng agent and on the surface area of the superabras ve mater a . Oftent mes, 0.05% to 10% by we ght of the
organ c mater a_ayer can be suff c ent.

Specfcnon- mtng examp es of s anes su tab e for use n the present nvent on nc ude: 3-g yc doxypropy tr methoxy
s ane (ava ab e from Dow Corn ng as Z-6040); y-methacry oxy propy tr methoxy s ane (ava ab e from Un on Carb de
Chem ca s Company as A-174); B-(3,4-epoxycyc ohexy )ethy tr methoxy s ane, y-am nopropy tr ethoxy s ane, N-([3-
am noethy )-y-am nopropy methy d methoxy s ane (ava ab e from Un on Carb de, Sh n-etsu Kagaku Kogyo K.K.,
etc.). Specfc non- mtng examp es of ttanate coup ng agents nc ude: sopropy tr sostearoy t tanate,

d (cumy pheny ate)oxyacetate t tanate, 4-am nobenzenesu fony dodecy benzenesu fony t tanate,

tetraocty b s(d tr decy phosph te) t tanate, sopropy tr (N-ethy am no-ethy am no) t tanate (ava ab e from Kenr ch
Petrochem ca s. Inc.), neoa kyoxy t tanates such as LICA-01, LICA-09, LICA-28, LICA-44 and LICA-97 (aso ava abe
from Kenr ch), and the ke. Specfc non- mtng examp es of aum num coup ng agents nc ude acetoa koxy
aumnum d sopropy ate (ava ab e from A nomoto K.K.), and the ke. Spec fc non- mtng examp es of z rconate
coup ng agents nc ude: neoa koxy z rconates, LZ-01, LZ-09, LZ-12, L.Z-38, LZ-44, LZ-97 (a_ava ab e from Kenr ch
Petrochem ca s, Inc.), and the ke. Other known organometa ¢ coup ng agents, e.g., th o ate based compounds, can
be used n the present nvent on and are cons dered w th n the scope of the present nvent on.

In other aspects of the present d sc osure, superabras ve part c e t ps can be eve ed by reduc ng the protrus ons of
part c es that are outs de of the des red to erance range. Once such part c es are_dent f ed, var ous techn ques can be
ut zed to reduce such protrus ons. In one aspect, for examp e, mechan ca _abras on of the dresser can reduce the
protrud ng part c es. In another aspect, a v brat on too _can be used to nd v dua y break such part c es. In yet another
aspect, a aser such as a Nd:YAG aser can be used to d srupt such part c es.

In yet a further aspect of the present d sc osure, a CMP pad dresser can _nc ude a p ura ty of superabras ve part c es
arranged as a work ng surface, where the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrud ng t p of the frst mono ayer of superabras ve partces s ess than or equa to about 20

m crons, and where the d fference n protrus on d stance between the h ghest 1% of the protrud ng t ps of the frst
mono ayer of superabras ve part c es, exc ud ng the h ghest protrud ng t p, are w th n about 80 m crons.

In another aspect, a CMP pad dresser can _nc ude a p ura ty of superabras ve part c es arranged as a work ng
surface, where the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest
protrud ngtp s ess than or equa to about 10 m crons, the d fference n protrus on d stance between the h ghest
protrud ng t p and the 10h ghest protrud ng t p s ess than or equa to about 20 m crons, the d fference n protrus on
d stance between the h ghest protrud ng t p and the 100 h ghest protrudng tp s ess than or equa to about 40

m crons, and the h ghest protrud ng t p has a protrus on d stance of greater than or equa to about 50 m crons.
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It s noted that, wh e the above d sc osure refers pr mar_y to CMP pad dressers, other prec s on gr nd ng and/or
abrad ng too s are cons dered to be w th n the present scope. As such, the techn ques and teach ng d sc osed here n
can add tona y be app ed to such too s.

Addtona vy, t s noted that trad t ona CMP process ng techn ques, nc ud ng pad dress ng, has _m ted the crtca

d mens on of ntegrated crcuts. The presenty d sc osed CMP dress ng dev ces and techn ques can, however, a ows
process ng of wafers hav ng ntegrated crcut crtca d mens ons of ess than or equa to 45 nm, 32 nm, 28 nm, 22
nm, or_ess.

Of course, t s to be understood that the above-descr bed arrangements are ony ustrat ve of the app cat on of the
pr nc p es of the present nvent on. Numerous mod f cat ons and a ternat ve arrangements may be dev sed by those
sk _ed n the art w thout depart ng from the sp rt and scope of the present nvent on and the appended c a ms are
ntended to cover such mod f cat ons and arrangements. Thus, wh e the present nvent on has been descr bed above
w th part cu arty and deta _n connect on w th what s presenty deemed to be the most pract ca_and preferred
embod ments of the nventon, tw be apparent to those of ord nary sk n the art that numerous mod f cat ons,

nc ud ng, but not m ted to, var atons n s ze, mater a s, shape, form, funct on and manner of operat on, assemb y
and use may be made w thout depart ng from the pr nc p es and concepts set forth here n.

Claims:
What s camed s:

1. A CMP pad dresser, compr s ng: a r g d support substrate; and a mono ayer of a p ura ty of superabras ve part c es
coup ed to the support substrate, where n each superabras ve part c e n the mono ayer extends away from the
support substrate to a protrus on d stance, where n a t p of each of the p ura ty of superabras ve partc es a gns aong
a des gnated prof e wth a t p var at on of from about 5 m crons to about 100 m crons, and where n the d fference n
protrus on d stance between the h ghest protrud ng t p and the second h ghest protrud ng t p of the mono ayer of
superabras ve partces s ess than or equa to about 50 m crons, and the d fference n protrus on d stance between
the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve part c es are w th n about 80 m crons or_ess.

2. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrudng tp s ess than or equa to about 10 m crons.

3. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrudng tp s ess than about 10 m crons.

4. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
10nh ghest protrud ngtp s ess than or equa to about 20 m crons.

5. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
100" h ghest protrud ng tp s ess than or equa to about 40 m crons.

6. The dresser of cam 1, where n the p ura ty of superabras ve partces ncudes a p ura ty of work ng
superabras ve part ¢ es, such that rotat ng the dresser aga nst a CMP pad cuts aspertes nto the CMP pad hav ng a
cutt ng depth of ess than or equa to about 50 m crons.

7. The dresser of cam 6, where n the cutt ng depth s from about 10 m crons to about 50 m crons.

8. The dresser of cam 6, where n the p ura ty of work ng superabras ve part ces nc udes at east 100 work ng
superabras ve part c es.

9. The dresser of cam 6, where n the p ura ty of work ng superabras ve partces ncudes at east 1000 work ng
superabras ve part c es.

10. The dresser of cam 6, where n the p ura ty of work ng superabras ve part ces nc udes from about 1000 to about
6000 work ng superabras ve part c es.

11. The dresser of cam 6, where n the p ura ty of work ng superabras ve part ces nc udes from about 2000 to about
5000 work ng superabras ve part c es.

12. The dresser of cam 6, where n the p ura ty of work ng superabras ve partces nc ude at_east about 1000
work ng superabras ve part ¢ es that protrude from the r g d support substrate to d stances w th n about 30 m crons of
one another.

S

EX1060, Page 209



Case 1:20-cv-00247-RGA-JLH  Document 20-7  Filed 07/27/20 Page 57 of 57 PagelD

#: 364
1537097

13. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of from about 10 m crons to about 50 m crons.

14. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of from about 20 m crons to about 40 m crons.

15. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of ess than about 20 m crons.

16. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths
of ess than about 20 m crons when used to abrade a CMP pad.

17. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part c es produce cutt ng depths
of from about 1 m cron to about 20 m crons when used to abrade a CMP pad.

18. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths
of from about 10 m crons to about 20 m crons when used to abrade a CMP pad.

19. The dresser of cam 1, where n the des gnated prof e nc udes a conf gurat on se ected from the group cons st ng
of a p ane, a s ope, a curved shape, a dome shape, and comb nat ons thereof.

20. The dresser of cam 1, where n the p ura ty of superabras ve part c es s arranged across the support substrate n
a predeterm ned pattern.

21. The dresser of c am 20, where n the predeterm ned pattern nc udes an even d str but on of the p ura ty of
superabras ve part ¢ es spaced at a d stance of from about 100 m crons to about 800 m crons.
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(New subject matter added to the ‘802 Patent is shown in red)

Description:
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The sem conductor ndustry current y spends n excess of one b _on U.S. do ars each year manufacturng s con
wafers that must exh b t very f at and smooth surfaces. Known techn ques to manufacture smooth and even-surfaced
s _con wafers are p ent fu. The most common of these nvo ves the process known as Chem ca Mechan ca

Po sh ng (CMP) wh ch _nc udes the use of a po sh ng pad n comb nat on w th an abras ve s urry. Of centra
mportance na CMP processes s the atta nment of h gh performance eve s n aspects such as un form ty of
po_shed wafer, smoothness of the IC crcu try, remova rate for product v ty, ongev ty of consumab es for CMP
econom cs, etc.

The present d sc osure prov des CMP pad dressers and assoc ated methods, nc ud ng w thout m tat on, methods

d rected to the manufacture and use of such dressers. In one aspect, for examp e, a CMP pad dresser can _nc ude a
support substrate and a p ura ty of superabras ve part c es secured to the support substrate w th each superabras ve
part c e extend ng away from the support substrate to a protrus on d stance. The p ura ty of superabras ve part c es
can be pos t oned such that the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn aong a
des gnated prof e wth a t p var at on of from about 5 m crons to about 100 m crons. In another aspect, the h ghest
protrud ng t p of each of the p ura ty of superabras ve partc es a gn a ong the des gnated prof e wth a tp var at on of
from about 10 m crons to about 50 m crons. In yet another aspect, the h ghest protrud ng t p of each of the p ura ty of
superabras ve part c es a _gn a ong the des gnated prof e wth a t p var at on of from about 20 m crons to about 40

m crons. In a further aspect, the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn aong
the des gnated prof e wth atp var aton of ess than about 20 m crons. The des gnated prof e can _nc ude any
geometr ¢ conf gurat on that can be usefu n dress ng a CMP pad, and any such conf gurat on s cons dered to be

w th n the present scope. Non- mt ng examp es can _nc ude a p ane, a s ope, a curved shape, a dome shape, and
the ke, nc ud ng appropr ate comb nat ons thereof.

The pos t on ng of superabras ve part c es re at ve to the support substrate can a so be descr bed n terms of the
depths that the superabras ve part ¢ es cut nto a CMP pad when used to abrade the CMP pad. In one aspect, for
examp e, the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths of ess than about 20

m crons when used to abrade a CMP pad. In another aspect, the protrus ons of the p ura ty of superabras ve

part c es produce cutt ng depths of from about 1 m cron to about 20 m crons when used to abrade a CMP pad. In yet
another aspect, the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths of from about 10

m crons to about 20 m crons when used to abrade a CMP pad.
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As another exemp ary aspect of the present d sc osure, a CMP pad dresser can_nc ude a r g d support substrate and
a mono ayer of a p ura_ty of superabras ve part c es coup ed to the support substrate, where each superabras ve
partc e n the mono ayer extends from the support substrate to a protrus on d stance. In one aspect, the d fference n
protrus on d stance between the h ghest protrud ng t p and the second h ghest protrud ng t p of the mono ayer of
superabras ve partces s ess than or equa to about 50 m crons, and the d fference n protrus on d stance between
the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve partces s wth n about 80 m crons or_ess. In
another aspect, the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest
protrud ng tp s ess than or equa to about 10 m crons. In yet another aspect, the d fference n protrus on d stance
between the h ghest protrud ng t p and the second h ghest protrud ngtp s ess than or equa to about 10 m crons. In
a further aspect, the d fference n protrus on d stance between the h ghest protrud ng t p and the 10"h ghest

protrud ng tp s ess than or equa to about 20 m crons. In yet another aspect, the d fference n protrus on d stance
between the h ghest protrud ng t p and the 100*h ghest protrudng tp s ess than or equa to about 40 m crons.

As yet another exemp ary aspect of the present d sc osure, a CMP pad dresser can_nc ude a r g d support substrate
and a mono ayer of a p ura ty of superabras ve part c es coup ed to the support substrate, where the p ura ty of
superabras ve part ces nc udes a p ura ty of work ng superabras ve part ¢ es, such that rotat ng the dresser aga nst
a CMP pad cuts asper tes nto the CMP pad hav ng a cutt ng depth of ess than or equa to about 50 m crons. In
another aspect, the cutt ng depth s from about 10 m crons to about 50 m crons. In yet another aspect, the p ura ty of
work ng superabras ve part c es nc udes at east 100 work ng superabras ve part c es. In a further aspect, the p ura ty
of work ng superabras ve part ces nc udes at east 1000 work ng superabras ve part c es. In yet another aspect, the
p ura ty of work ng superabras ve part c es_nc udes from about 1000 to about 6000 work ng superabras ve part c es.
In another aspect, the p ura ty of work ng superabras ve part c es nc udes from about 2000 to about 5000 work ng
superabras ve part c es. In a further aspect, the p ura ty of work ng superabras ve part ces nc ude at _east about
1000 work ng superabras ve part ¢ es that protrude from the r g d support substrate to d stances w th n about 30

m crons of one another.

As another exemp ary aspect of the present d sc osure, a method of dress ng a CMP pad can nc ude app y ng a CMP.
pad dresser to a CMP pad, and mov ng at_east one of the CMP pad or the CMP pad dresser w th respect to one
another to cut aspertes nto the CMP pad hav ng a cutt ng depth of from about 10 m crons to about 50 m crons.

As a further exemp ary aspect of the present d sc osure, a CMP pad dresser_s prov ded nc ud ng a support substrate
and a p ura ty of superabras ve part c es secured to the support substrate and pos t oned to engage and dress a
CMP pad, where the p ura ty of superabras ve part c es cut to depths of ess than 50 m crons nto a CMP pad dur ng
a dress ng procedure.

There has thus been out ned, rather broad y, var ous features of the nventon so that the deta ed descr pt on thereof
that fo ows may be better understood, and so that the present contr but on to the art may be better apprec ated.
Other features of the present nventon w become c earer from the fo ow ng deta ed descr pt on of the nventon,
taken w th the accompany ng ¢ a ms, or may be earned by the pract ce of the nventon.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. tAto1G-showl s a few-chartschemat ¢ s de v ew of manufacturng-a compos-te-cond-tonerCMP pad dresser
n accordance w th erean embod ment of the present -rvent-end sc osure;

FIG. 2Ate2G-show?2 s a fow-chartschemat ¢ s de v ew of manufacturng-the-compos-te-cond-tonera CMP pad
dresser n accordance w th enean embod ment of the present -rventend sc osure;

FIG. 2H-shews3 s a tepschemat c s de v ew of a CMP pad dresser n accordance w th an embod ment of the present
d sc osure; and

EIG ecompested s a schematc s de vew of a CMP pad dresser n accordance w th an embod ment of the present
-nventon;

d sc osure.
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Itw be understood that the above f gures are mere y for ustrat ve purposes n further ng an understand ng of the
nvent on. Further, the f gures are not drawn to sca e, thus d mens ons, part c e s zes, and other aspects may, and
genera y are, exaggerated to make ustrat ons thereof c earer. Therefore, departure can be made from the specfc
d mens ons and aspects shown n the fgures n order to produce the heat spreaders of the present nventon.

DETAILED DESCRIPTION

Before the present nventon s d sc osed and descrbed, t s to be understood thatths nventon s not mted to the
part cu ar structures, method steps, or mater a s d sc osed here n, but s extended to equ va ents thereof as wou d be
recogn zed by those ord nar y sk ed n the re evant arts. It shou d a so be understood that term no ogy emp oyed
here n s used for the purpose of descr b ng part cu ar embod ments ony and s not ntended to be mtng.

Uy Mk

It must be noted that, as used n th s spec f cat on and the appended c a ms, the s ngu ar forms “a,” “an” and, “the”

nc ude p ura referents un ess the context c eary d ctates otherw se. Thus, for examp e, reference to “a d amond
partce” ncudes one or more of such part ¢ es and reference to “the ayer” nc udes reference to one or more of such
ayers.

DEFINITIONS
In descr b ng and c am ng the present nventon, the fo ow ng termnoogy w be used n accordance w th the
def n tons set forth be ow.

As used here n, the terms “cond t oner” and “dresser” can be used nterchangeab y, and refer to a too used to
cond ton or dress a pad, such as a CMP pad.

As used here n, “superabras ve” may be used to refer to any crysta ne, or po ycrysta ne mater a, or m xture of such
mater a s wh-ehthat has a Mohr's hardness of about 8 or greater. In some aspects, the Mohr's hardness may be
about 9.5 or greater. Such-materas—neude-but-are-nret—mted-toln other aspects, superabras ve mater a s can be
mater a s hav ng a V cker's hardness of about 4000 Kg/mm?or greater. Su tab e superabras ve mater a examp es can
nc ude, w thout m tat on, d amond, po ycrysta ne d amond (PCD), cub ¢ boron n tr de (cBN), po ycrysta ne cub ¢
boron n tr de (PcBN), corundum and sapph re, as we as other superabras ve mater a s known to those sk ed n the
art. Superabras ve mater a s may be ncorporated nto the-present—nventenvar ous toos n a var ety of forms

ncud ng partces, grts, f ms, ayers, p eces, segments, etc. ir-seme-cases;-the\Wh e superabras ve mater a s ef-the
present-nventon-are -n-thevery nert and thus d ff cu t to form efpe-yerysta—nechem ca bonds w th, t s known that
certa n react ve e ements, such as chrom um and t tan um are capab e of chem ca y react ng w th superabras ve
mater a s;-such-as-PCB-and-PeBN-matera-s at certa n temperatures.
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As used here n, “part c €” -s-asrefers, when used here-n-n connect on w th d-amendsuperabras ve part c es,-and
refers to a part cu ate form of é-amendsuperabras ve part ¢ e. Such part c es may take a var ety of shapes, nc ud ng
round, ob ong, square, euhedra, etc., can be e ther s ng e crysta or po ycrysta ne, and can have a number of mesh
s zes. As s known n the art, “mesh” refers to the number of ho es per unt area, as n the case of U.S. meshes. A
mesh s zes referred to here n are U.S. mesh un ess otherw se nd cated. Further, mesh s zes are genera y
understood to nd cate an average mesh s ze of a g ven co ecton of part c es s nce each partce wthn a partcu ar
“mesh s ze” may actua y vary over a sma d strbuton of s zes, un ess noted otherw se.

As used here n, “work ng superabras ve part c es” are superabras ve part ¢ es that teuehcut or otherw se deform a
CMP pad dur ng a dress ng or cond t on ng procedure. Th s tedeh-rgact on can remove debr s from the surface, t can
deform the surface e ther e astca y or p astca vy, or t can eut-the-surface-te-create a groove_ or asperty n the
surface of the CMP pad. In one spec f ¢ aspect, a work ng superabras ve part c e can cut deeper than about 10

m crons nto a CMP pad dur ng a dress ng procedure.

As used here n, “non-work ng superabras ve part ¢ es” are superabras ve part ces n a CMP pad dresser that do not
s gn f canty tedehcut or deform the pad suff c ent to remove debr s from the surface, deform the surface, eut-or create
grooves n the surface-to-create-a-groove.

As used here n, “over y-aggress ve superabras ve part c es” are superabras ve partces n a CMP pad dresser that
aggress ve y dress or cond ton a CMP pad. In one aspect, aggress ve superabras ve part c es are superabras ve
part c es that cut deeper than about 50 m crons nto a CMP pad dur ng a dress ng procedure. In another aspect,
aggress ve superabras ve part ¢ es are superabras ve part ¢ es that remove at east % of the matera from the CMP
pad. In yet another aspect, aggress ve superabras ve part ¢ es are superabras ve part c es that remove at east %z of
the matera from the CMP pad.
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As used here n, “work ng end” refers to an end of a part c e wh-ehthat s or ented towards the CMP pad and that
dur ng a dress ng operat on makes contact w th the pad. Mest-eftenln many cases the work ng end of a partce w
be d sta from a substrate to wh ch the partce s attached.

As used here n, cutt ng “t p” refers to a port on of a cutt ng e ement or part c e that protrudes the greatest d stance
from the support substrate, e.qg., that s the frst port on of the cutt ng e ement that contacts a CMP pad when n use. It
s to be understood that a cutt ng “t p” can nc ude a p anar surface, a po nted surface, or an edge; so _ong as the

p anar surface, po nted surface or edge of the cutt ng e ement s the frst port on of the cutt ng e ement that contacts a
CMP pad from wh ch matera s to be removed.

As used here n, “sharp port on” refers to any narrow port on to wh ch a crysta or part c e may converge, nc ud ng but
not m ted to corners, agexes r dges, edges, obe sks and other QI’OtI’US ons. In some cases, corners and/or apexes

As used here n, cutt ng “edge” refers to a port on of a cutt ng e ement or part ¢ e that nc udes some measurab e w dth
across a port on that contacts and removes mater a from a workp ece. As an exemp ary _ustrat on, a typ ca kn fe

b ade has a cutt ng edge that extends ong tud na y a ong the kn fe b ade, and the kn fe b ade wou d have to be

or ented transverse y to a workp ece to scrape or p ane mater a_from the workp ece n order for the cutt ng “edge” of
the kn fe b ade to remove mater a from the workp ece.

» o«

As used here n, “per phera y ocated per phera ocaton,” and the ke, refer to any part c e or other cutt ng e ement

» o«

partce nacentra ocaton,” and the ke refer to any part c e or other
cutt ng e ement of a too that s ocated n an area of the too that or g nates at a center po nt of the too_and extends
outward y towards the too's edge for up to about 90% of the rad us of the too . In some aspects, the area may extend
outward y from about 20% to about 90% of the rad us. In other aspects, the area may extend out to about 50% of the
rad us. In yet another aspect, the area may extend out to about 33% of the rad us of a too .

As used here n, “centra y ocated partce,

As used here n, “att tude” meansrefers to the pos t on or arrangement of a superabras ve partce nreatontoa

def ned surface, such as a substrate to wh ch t s attached, or a CMP pad to wh ch t s to be app ed dur ng a work
operat on. For examp e, a superabras ve part ¢c e can have an att tude that prov des a spec f ¢ port on of the partce n
or entat on toward a CMP pad.

As used here n, “ ead ng edge” refers to the edge of a CMP pad dresser that s a fronta_edge based on the d rect on
that the CMP pad s mov ng, or the d rect on that the pad s mov ng, or both. Notab y, n some aspects, the ead ng
edge may be cons dered to encompass not on y the area specfca y at the edge of a dresser, but may a so_nc ude
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port ons of the dresser wh ch extend s ghty nward from the actua edge. In one aspect, the ead ng edge may be
ocated a ong an outer edge of the CMP pad dresser. In another aspect, the CMP pad dresser may be conf gured

w th a pattern of abras ve part c es that prov des at east one effect ve_ead ng edge on a centra_or _nner port on of the
CMP pad dresser work ng surface. In other words, a centra_or _nner port on of the dresser may be conf gured to

prov de a funct ona_effect s m ar to that of a_ead ng edge on the outer edge of the dresser.

As used here n, the term “prof e€” and “geometr ¢ prof €” can be used nterchangeab y, and refer to a predeterm ned
contour above a support substrate to wh ch a p ura ty of superabras ve part c es or other cutt ng e ements are
ntended to a gn. Examp es of such prof es may nc ude, w thout m tat on, fat or p anar prof es, curved prof es,
wavy prof es, convex prof es, concave prof es, mut-t ered prof es, and the ke, nc ud ng comb nat ons thereof.

As used here n, “geometr ¢ conf gurat on” refers to a shape that s capab e of be ng descr bed n read y understood
and recogn zed mathemat ca terms. Examp es of shapes qua fy ng as “geometr ¢ conf gurat ons” nc ude, w thout

m tat on, cub ¢ shapes, po yhedra (ncud ng regu ar po yhedra ) shapes, tr angu ar shapes (nc ud ng equ atera
trang es, sosce es tr ang es and three-d mens ona_tr angu ar shapes), pyram da_shapes, spheres, rectang es, “p e”
shapes, wedge shapes, octagona shapes, crc es, etc.

As used here n, “dress ng segment” refers to a dress ng or cond t on ng e ement of a CMP pad dresser. In one
aspect, dress ng segments are ut _zed to carry superabras ve partc es havng eve ed t ps. Thus, n some cases
superabras ve part c es can be ntroduced nto a CMP pad dresser by the ncorporat on of mutp e dress ng
segments. It shou d be noted that a var ety of techn ques of attach ng the dress ng segments to the substrates, and a
var ety of techn ques of attach ng the superabras ve part c es to the dress ng segments, are possb e, a _of wh ch are
cons dered to be w th n the present scope. It s to be understood that a of these var ous attachment mechan sms can
be used nterchangeaby here n: that s, f a method of attach ng a dress ng segment to a substrate s d scussed

here n, the method of attachment d scussed can a so be used to attach superabras ve part c es to a dress ng

As used here n, “cutt ng e ement” descr bes a var ety of structures capab e of remov ng (e.g., cutt ng) matera from a
CMP pad. A cutt ng e ement can be a mass hav ng severa cutt ng po nts, r dges or mesas formed thereon or there n.
It s notab e that such cutt ng po nts, r dges or mesas may be from a mutp cty of protrus ons or aspertes ncuded n
the mass. Furthermore, a cutt ng e ement can a so refer an _nd v dua part c e that may have on y one cutt ng po nt,

r dge or mesa formed thereon or there n.

As used here n, “mechan ca bond” and “mechan ca bond ng” may be used nterchangeab y, and refer to a bond

nterface between two ob ects or_ayers formed prmar _y by fr ct ona_forces. In some cases the fr ct ona forces
between the bonded ob ects may be ncreased by expand ng the contact ng surface areas between the ob ects, and
by mpos ng other spec f c geometr ca_and phys ca conf gurat ons, such as substant a y surround ng one ob ect w th
another.

As used here n, “s nter ng” refers to the jo n ng of two or more nd v dua part c es to form a cont nuous so d mass.
The process of s nter ng nvo ves the conso dat on of partc es to at east parta y e m nate vo ds between part c es.

S nter ng may occur_n e ther meta or carbonaceous part c es, such as d amond. S nter ng of meta part c es occurs at
var ous temperatures depend ng on the compos t on of the mater a. S nter ng of d amond part c es genera y requ res
u trah gh pressures and the presence of a carbon so vent as a d amond s nter ng a d. S nter ng a ds are often present
to ad n the s nter ng process and a port on of such may reman _n the fna product.

The term “meta c” refers to both meta s and meta o ds. Meta s nc ude those compounds typ ca y cons dered meta s
found wth n the transton meta s, aka and aka earth metas. Examp es of meta s are Ag, Au, Cu, A, and Fe.
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Meta ods ncude specfca y S, B, Ge, Sb, As, and Te. Meta c materas aso ncude a oys or m xtures that nc ude
meta ¢ materas. Such a oys or m xtures may further nc ude add tona add tves. In the present nventon, carb de
formers and carbon wett ng agents may be nc uded as a oys or m xtures, but are not ant ¢ pated to be the ony

meta ¢ component. Examp es of such carb de formers are Sc, Y, T, Zr, Hf, V, Nb, Cr, Mo, Mn, Ta, W, and Tc.
Examp es of carbon wett ng agents are Co, N, Mn, and Cr.

As used here n, “ nf trat ng” refers to a s tuat on where a matera s heated to ts me t ng po nt and then fows as a
qu d through the nterstta vo ds between part c es.

As used here n, the terms “substrate” and “support substrate” can be used nterchangeab y, and refer a port on of a
pad cond t oner that supports superabras ve mater a s, and to wh ch abras ve mater a s and/or superabras ve
segments that carry abras ve mater a s may be aff xed. Substrates can have a var ety of shapes, th cknesses, and/or

mater a s that are capab e of support ng abras ve matera S n a manner that s suff cent to prov de a CMP pad
dresser usefu for ts ntended purpose.

As used here n, the term “substant a y” refers to the comp ete or near y comp ete extent or degree of an act on,
character st ¢, property, state, structure, tem, or resu t. For examp e, an object that s “substanta y” enc osed wou d
mean that the object s e ther comp ete y enc osed or neary comp ete y enc osed. The exact a owab e degree of
dev at on from abso ute comp eteness may n some cases depend on the spec f ¢ context. However, genera y
speak ng the nearness of comp eton w be so as to have the same overa resutas fabso ute and tota comp eton
were obta ned.

The use of “substanta y” s equa y app cab e when used n a negat ve connotat on to refer to the comp ete or near
comp ete ack of an act on, character st ¢, property, state, structure, tem, or resu t. For examp e, a compos ton that s
“substant a y free of” part c es wou d e ther comp ete y ack part ces, or so neary comp etey ack part c es that the
effect wou d be the same as f t comp etey acked part c es. In other words, a compos ton that s “substanta y free
of” an ngred ent or e ement may st actua y contan such tem as ong as there s no measurab e effect thereof.

As used here n, the term “about” s used to provde fexb ty to a numer ca range endpo nt by prov d ng that a g ven
vaue may be “a tte above” or “a tte be ow” the endpo nt. However, t s to be understood that even when the term
“about” s used n the present spec fcaton n connecton w th a specfc numer ca va ue, that support for the exact
numer ca va ue rec ted apart from the “about” term no ogy s a so prov ded.

In th s d sc osure, “compr ses,” “compr s ng,” “conta n ng” and “hav ng” and the ke can have the mean ng ascr bed to
them n U.S. Patent aw and can mean “nc udes,” “nc ud ng,” and the ke, and are genera y nterpreted to be open
ended terms. The terms “cons st ng of” or “cons sts of” are ¢ osed terms, and nc ude on y the components,
structures, steps, or the ke specfca y sted n conuncton w th such terms, as we as that wh ch s n accordance
w th U.S. Patent aw. “Cons st ng essent a y of” or “cons sts essent a_y of’ have the mean ng genera y ascr bed to
them by U.S. Patent aw. In part cu ar, such terms are genera y c osed terms, w th the except on of a ow ng nc us on
of add tona tems, mater a s, components, steps, or e ements, that do not mater a vy affect the bas ¢ and nove
character st cs or funct on of the tem(s) used n connect on therew th. For examp e, trace e ements present n a
compos t on, but not affect ng the compos t ons nature or character st cs wou d be perm ss b e f present under the
“‘cons st ng essent a y of” anguage, even though not expressy rected na st of tems fo ow ng such term no ogy.
When us ng an open ended term, ke “comprs ng” or “ncud ng,” t s understood that d rect support shou d be
afforded a so to “cons st ng essenta y of” anguage as we as “cons st ng of” anguage as f stated exp cty and vce
versa.

As used heren, a p ura ty of tems, structura e ements, compos tona e ements, and/or mater a s may be presented
n a common st for conven ence. However, these sts shou d be construed as though each member of the st s
ndvdua y dentfed as a separate and un que member. Thus, no nd vdua member of such st shoud be construed
as a de facto equ va ent of any other member of the same st so e y based on the r presentat on n a common group
w thout nd cat ons to the contrary.

Concentrat ons, amounts, and other numer ca data may be expressed or presented here n n a range format. It s to
be understood that such a range format s used mere y for conven ence and brev ty and thus shou d be nterpreted
fexbyto ncude not ony the numerca vaues exp ctyrected as the mts of the range, but aso to ncude a the
nd vdua numer ca va ues or sub-ranges encompassed w th n that range as f each numer ca va ue and sub-range
sexp ctyrected. Asan ustraton, a numer ca range of “about 1 to about 5” shou d be nterpreted to nc ude not
ony the exp cty rected va ues of about 1 to about 5, but aso ncude ndvdua va ues and sub-ranges w th n the

nd cated range. Thus, ncuded nth s numer ca range are ndvdua vaues such as 2, 3, and 4 and sub-ranges such
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as from 1-3, from 2-4, and from 3-5, etc., aswe as 1,2, 3,4,and 5, ndvdua y. Ths same prncpe app es to
ranges rec t ng on'y one numer ca va ue as a mn mum or a max mum. Furthermore, such an nterpretat on shou d
app y regard ess of the breadth of the range or the character st cs be ng descr bed.

The Inventon

The present d sc osure genera y prov des CMP pad dressers, methods assoc ated w th pad cond t on ng (e.g.,
smooth ng, po sh ng, dress ng), and the CMP po _sh ng of a work p ece. Pad cond t oners accord ng to aspects of the
present d sc osure can be advantageous y ut zed, for examp e, n dress ng CMP pads that are used n po sh nqg,
fn sh ng or otherw se affect ng sem conductor mater a s. Specfca y, n some aspects the present d sc osure
concerns CMP pad dressers hav ng superabras ve part c es w th substanta y eve ed t ps. In other aspects, the
present CMP pad dressers can have superabras ve part c es that are a_gned across a des gnated prof e, and as
such, are “eve ed” w th respect to that prof e. Trad t ona CMP pad dresser manufactur ng methods, even many of
those descr b ng techn ques for_eve ng superabras ve partc e t ps pror to f xat on, genera y contan s gn f cant

var aton ntp he ght across the surface of the dresser that s not accounted for by an ntended t p a gnment prof e.
Often, the superabras ve part c es are aff xed to the CMP pad dresser support n a manner that d srupts any eve ng
that has occurred. For examp e, f xat on techn ques that ut _ze h gh heat and/or pressure can cause warp ng of the
dresser support as the dresser coo s. Thus, un ess steps are taken to avo d such warpage, superabras ve part c es
are not ma ntaned nther eve ed state fo ow ng coo ng of the dresser. Th s can be part cu ary prob emat ¢ w th
braz ng techn ques.

A CMP pad dresser can be used to dress or cond t on a CMP pad by remov ng d rt and debr s (.e. deg az ng the
pad), as we as open ng up aspertes n the pad surface to capture and hod chem ca s urry durng a po shng
procedure. As has been descr bed, due to d ff cu t es assoc ated w th superabras ve partce eve ng n many

trad t ona_manufactur ng processes, ony a sma_percentage of superabras ve partces n atyp ca CMP pad dresser
are pos t oned so as to penetrate or cut nto a CMP pad. As th s sma_percentage of superabras ve part c es become
worn, p ast ¢ deformat on of the CMP pad becomes _arge re at ve to the amount of CMP of pad that s cut.
Consequent y, the pad becomes h gh y deformed and accumu ated w th d rt. As a resu t the po_sh ng rate of the CMP
pad dec nes, and the scratch rate of the wafer or work p ece ncreases.

CMP pads are typ ca y made of a re at ve y soft po ymer, such as, for examp e, po yurethane. As the CMP pad s
engaged by the CMP pad dresser, the po ymer mater a_s deformed frst by e ast ¢ stra n and then by p ast ¢ stran.
Eventua vy, the stra n energy n the deformed mater a_exceeds the bond energy dens ty (.e. the hardness of the pad)
and the po ymer mater a_ruptures. Thus, the funct on of superabras ve part c es n the CMP pad dresser_s to dress
the CMP pad mater a by break ng po ymer ¢ bonds through th s deformat on process. It shou d be noted that sharp
superabras ve part c e t ps can penetrate the CMP _pad mater a w thout caus ng excess ve deformat on. As such, the
sharpness of a superabras ve part ¢c e can be def ned as be ng nverse to the deformed vo ume pr or to rupture. In
other words, the sma_er the vo ume of deformat on pr or to cutt ng, the sharper the cutt ng t p. Th s deformat on
nformat on can be used to determ ne the sharpness of superabras ve part c es n the CMP pad dresser.

Add tona vy, a superabras ve partce havng atp wth sma ertp rad us, such as wou d be the case w th a broken
corner, can cut more ¢ eany through the CMP pad w th ess deformat on as compared to a superabras ve partc e
hav ng a arger t p rad us. Consequenty, an rregu ary shaped superabras ve part c e t p can be sharper than a
euhedra_superabras ve corner hav ng an obtuse ang e re at ve to the CMP pad. Th s a so app _es to the d fference
between a superabras ve part c e corner as compared w th a superabras ve part c e face.

It s thus noted that sharp superabras ve part c e t ps can cut CMP pad mater as w th _ess deformat on and mater a
stran. Converse y, a du_superabras ve part c e may deform but not cut the CMP pad mater a _because the stran
energy does not exceed the bond energy dens ty of the po ymer ¢ mater a . As the t ps of such part c es are worn, the
contact area between the po ymer ¢c mater a_and the partces ncrease. Th's ncrease n contact area resuts n an
ncrease n the deformat on vo ume of the pad. Due to the ncreased stra n energy requ red for the po ymer ¢ mater a
to rupture w th such an _ncreased deformat on vo ume, the number of superabras ve part c es cutt ng the po ymer c
matera w__decrease n re at on to the degree of du _ng dur ng a CMP process.

CMP pad dress ng can a so be affected by the proport on of superabras ve part c es n the CMP pad dresser that are
work ng and the proport on that are over y-aggress ve y cutt ng. As an examp e, a typ ca CMP pad dresser can have
greater than 10,000 superabras ve part c es. Of these 10,000 part c es, n some cases there may ony be a few

work ng superabras ve part ¢ es that are actua y ab e to cut the CMP pad. Add t ona v, out of these few work ng
superabras ve part c es, there may be a sma_er proport on of over y-aggress ve superabras ve part ¢ es that cut over
50% of the ent re pad that s consumed dur ng cond t on ng, and n some cases can remove more that 25% of the
tota_pad matera. Th s uneven work oad d str but on can cause errat c CMP performance, and can resut n over
consumpt on of the CMP pad, ch pp ng of the over y-aggress ve superabras ve part ¢ es that can scratch the wafer,
unpred ctab e wafer remova rates, uneven wafer surface p anar zat on, shortened CMP pad dresser fe, compact on

EX1060, Page 220



Case 1:20-cv-00247-RGA-JLH  Document 20-8  Filed 07/27/20 Page 11 of 31 PagelD
#: 375

Comparison between U.S. Pub. No. 2014/0120724 and U.S. Patent No. 9,724,802
(New subject matter added to the ‘802 Patent is shown in red)

of the CMP pad w th debr s, and the ke. Such effects can greaty ower the y e d of wafers or work p eces processed
under these cond t ons. A more effect ve norma_zat on of work oad d str but on across the surface of the CMP pad
dresser can_ead to a more un form y deg azed pad and more un form pad aspertes.

The present CMP pad dressers nc ude a_ayer of superabras ve part c es hav ng substanta y eve ed t ps across the
work ng surface of the f n shed CMP pad dresser. A var ety of techn ques can be ut zedto mantantp eve ng, and
any such techn que s cons dered to be w th n the present scope. A few non- m t ng examp es of such techn ques are
descr bed be ow. It s ntended that the term “ eve ng” w th respect to superabras ve part c es can refer to

superabras ve part c es that are_eve ed w th respect to a p anar prof e, as we as to superabras ve part c es that are
a_gned aong a des gnated prof e that s non-p anar. In the atter case, “eve ng” wou d thus descr be the a_ gnment
of the superabras ve part c es a ong the des gnated prof e. So n the case of a prof e hav ng a dome-shape, eve ed
superabras ve part c es wou d be part c es that were n a gnment w th the prof e.

Furthermore, superabras ve t p a gnment can add t ona_y be descr bed n terms of he ght d str but on, or n some
cases protrus on d stance from the support substrate that s represented by a he ght d str but on across the p ura ty of
superabras ve part c es. An even he ght d str but on of superabras ve part c es may funct on to more effect ve y
preserve the ntegr ty of the CMP pad dresser as compared to CMP pad dressers ack ng such an even he ght
dstrbuton. Sm ary, a p ura ty of superabras ve part c es can be descr bed as extend ng away from a support
substrate to a predeterm ned he ght, represented by a protrus on d stance from the substrate, where the

predeterm ned he ghts of the partces a gn a ong a des gnated prof e. Thus, the actua d str but on of protrus on

d stances across the p ura ty of superabras ve partc es n a fnshed dresser can be compared aga nst the

des gnated prof e to determ ne the var ance, or degree of “ eve ng” ach eved.

In one aspect, for examp e, a CMP pad dresser s prov ded nc ud ng a support substrate and a p ura ty of
superabras ve part ¢ es secured to the support substrate, w th each superabras ve part c e extend ng away from the
support substrate to a protrus on d stance, where the h ghest protrud ng t p of each of the p ura ty of superabras ve
partces a gn aong a des gnated prof e. Wh e t s ntended that the t ps of the superabras ve partces a gn aong
the des gnated prof e, some eve of dev at on may occur. These dev at ons may be a resu t of the des gn or
manufactur ng process of the too . G ven the w de var ety of s zes of superabras ve part c es that may potenta y be
ut zed nagventoo, such dev atons may be h ghy dependent on a part cu ar app _cat on. A so, when referr ng to
the des gnated prof e, t shou d be noted that the term “t p” s ntended to _nc ude the h ghest protrud ng po nt of a
superabras ve part ¢ e, whether that po nt be an apex, an edge, or a face.

As such, n one aspect the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the

des gnated prof e by from about 1 m cron to about 150 m crons. In another aspect, the p ura ty of superabras ve
part c es are arranged such that the r t ps vary from the des gnated prof e by from about 5 m crons to about 100

m crons. In yet another aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the
des gnated prof e by from about 10 m crons to about 75 m crons. In a further aspect, the p ura ty of superabras ve
part c es are arranged such that the r t ps vary from the des gnated prof e by from about 10 m crons to about 50

m crons. In another aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the

des gnated prof e by from about 50 m crons to about 150 m crons. In yet another aspect, the p ura ty of

superabras ve part ¢ es are arranged such that the r t ps vary from the des gnated prof e by from about 20 m crons to
about 100 m crons. In a further aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary
from the des gnated prof e by from about 20 m crons to about 50 m crons. In another aspect, the p ura ty of
superabras ve part ¢ es are arranged such that the r t ps vary from the des gnated prof e by from about 20 m crons to
about 40 m crons. Add tona y, n one aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps
vary from the des gnated prof e by ess than about 20 m crons. In another aspect the p ura ty of superabras ve

part c es are arranged such that the r t ps vary from the des gnated prof e by ess than about 10 m crons. In yet
another aspect, the p ura ty of superabras ve part c es are arranged such that the r t ps vary from the des gnated

prof e by ess than about 5 m crons. In yet another aspect, the p ura ty of superabras ve part c es are arranged such
that the r t ps vary from the des gnated prof e by ess than about 1 m cron. In a further aspect, a ma or ty of the

p ura ty of superabras ve part c es are arranges such that the r t ps vary from the des gnated prof e to _ess than about
10% of the average s ze of the superabras ve part c es.

In another aspect, each of the p ura ty of superabras ve part c es can be def ned by a protrus on d stance from an
exposed surface of a b nd ng mater a_from wh ch they protrude to a predeterm ned he ght. Though the predeterm ned
he ght may vary between too _app cat ons, n one aspect the predeterm ned he ght may be greater than about 20

m crons. In another aspect the var at on from the predeterm ned he ght may be from about 1 m cron to about 20

m crons. In yet another aspect the var at on from the predeterm ned he ght may be from about 5 m crons to about 20
m crons. In a further aspect the var at on from the predeterm ned he ght may be from about 10 m crons to about 20

m crons. Superabras ve part c es may a so be arranged w th respect to arrangement or d str but on, att tude, s ze, etc.
Furthermore, the d str but on of protrus on of the p ura ty of superabras ve partc es s ref ected n the depth that the
part c es cut nto a CMP pad.
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As such, n one spec f ¢ aspect the predeterm ned he ght or protrus on d stance may produce a cutt ng depth of ess
than about 20 m crons when used to dress a CMP pad. In another spec f ¢ aspect, the predeterm ned he ght or
protrus on d stance may produce a cutt ng depth of from about 1 m cron to about 20 m crons when used to dress a
CMP pad. In yet another spec f ¢ aspect, the predeterm ned he ght or protrus on d stance may produce a cutt ng
depth of from about 10 m cron to about 20 m crons when used to dress a CMP pad. It shou d a so be noted that the
eve ng of superabras ve part c es to a predeterm ned he ght may be dependent on superabras ve part c e spac ng. In
other words, the farther superabras ve part c es are separated, the more the mp ng ng forces w__affect each
superabras ve part c e. As such, patterns w th _ncreased spac ng between the superabras ve part c es may benef t
from a sma _er var at on from predeterm ned he ght.

In one spec fc examp e, a p ura ty of cutt ng e ements such as superabras ve part c es can protrude to a

predeterm ned he ght above a b nd ng mater a such as, for examp e, a so d fed organ c matera ayer. Though any
predeterm ned he ght that wou d be usefu n an abrad ng or cutt ng too_wou d be cons dered to be w th n the
presenty ¢ a med scope, n one spec f ¢ aspect the predeterm ned he ght may produce a cutt ng depth of ess than
about 20 m crons when used to abrade a workp ece. In another spec f ¢ aspect, the predeterm ned he ght may
produce a cutt ng depth of from about 1 m cron to about 20 m crons when used to abrade a workp ece. In yet another
spec f ¢ aspect, the predeterm ned he ght may produce a cutt ng depth of from about 10 m cron to about 20 m crons
when used to abrade a workp ece. In yet another aspect, the predeterm ned he ght may produce a depth of up to or
more than 50 or 100 m crons.

As a further examp e, t may a so be benef c a for the cutt ng e ements to protrude from the b nd ng mater a , for
examp e, so dfed organ c matera_ayer to a predeterm ned he ght or ser es of he ghts that _s/are a ong a des gnated
prof e. Numerous conf gurat ons for des gnated prof es are poss b e, depend ng on the part cu ar use of the abrad ng
too . In one aspect, the des gnated prof e may be a p ane. In p anar prof es, the h ghest protrud ng po nts of the

cutt ng e ements are ntended to be substanta y eve. It s mportant to po nt out that, though t s preferred that these
po nts a_gn w th the des gnated prof e, there may be some he ght dev at on between cutt ng e ements that occur due
to _mtatons nherent n the manufactur ng process.

In add t on to p anar prof es, n another aspect the des gnated prof e has a s ope. Too s hav ng s op ng surfaces may
funct on to more even y spread the fr ct ona forces mp ng ng thereon across the cutt ng e ements, part cu ary for
rotat ng too s such as d sk sanders and CMP pad dressers. The greater downward force app ed by h gher centra
port ons of the too _may offset the h gher rotat ona _ve oc ty at the per phery, thus reduc ng the mechan ca_stress
exper enced by cutt ng e ements n that ocat on. As such, the s ope may be cont nuous from a centra _po nt of the too
to a per phera po nt, or the s ope may be d scont nuous, and thus be present on ony a porton of the too. Sm ary, a
gven too may have asnge sope or mutpe sopes. In certa n aspects, the too may s ope n a drecton from a
centra_po nt to a per phera po nt, or t may s ope from a per phera po nt to a centra_po nt.

Var ous s opes are contemp ated that may prov de a beneft to so d fed organ ¢ matera _ayer too s. It s not ntended
that the c a ms of the present nventon be mted as to specfc s opes, as a var ety of s opes n numerous d fferent
too s are poss b e. In one aspect, however, a CMP pad dresser may beneft from an average s ope of 1/1000 from the
center to the per phery.

As a varaton on too s hav ng a s ope, n certa n aspects the des gnated prof e may have a curved shape. One

spec f c examp e of a curved shape s a dome shape too . Such curved prof es functon n a s m ar manner to the
s oped surfaces. Too s may nc ude such curved prof es n order to more effect ve y d str bute the fr ct ona forces
between a_of the cutt ng e ements, thus reduc ng fa_ures of nd vdua partces and pro ong ng the fe of the too.

Furthermore, n some aspects the determ nat on of the d stance that the t ps of the cutt ng e ements extend from a

b nder mater a, such as an organ ¢ b nder, can a so be affected by cons der ng how much of the cutt ng e ements
extend above the b nder compared to how much of the cutt ng e ements rema n submerged beneath the b nder
surface. In one aspect, a rat o of an amount the cutt ng e ements protrude above the b nder to an amount submerged
beneath the b nder s about 4 to 1. In another aspect, about % of the cutt ng e ements are submerged, w th about 4
be ng exposed above the b nder. Other rat os are a so poss b e, from a 20 to 1 rat o to about 0.2 to 1, nc us ve of
ranges therebetween.

As a non- mtng examp e, n one aspect a CMP pad dresser can_nc ude a support substrate, such as a r g d support
substrate, and a mono ayer of a p ura ty of superabras ve part c es coup ed to the support substrate, where the

p ura ty of superabras ve partces ncudes a p ura ty of work ng superabras ve part c es. In use the dresser can be
engaged aga nst a CMP pad and cut aspertes nto the CMP pad hav ng a cutt ng depth of ess than or equa to
about 50 m crons. In another aspect, the cutt ng depth s from about 10 m crons to about 50 m crons. Addtona y, n
one aspect the p ura ty of work ng superabras ve partc es nc udes at east 100 work ng superabras ve partc es, at
east 300 work ng superabras ve part c es, or at_east 500 work ng superabras ve part c es. In another aspect, the

p ura ty of work ng superabras ve partc es nc udes at east 1000 work ng superabras ve part c es. In yet another
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aspect, the p ura ty of work ng superabras ve part c es nc udes from about 1000 to about 6000 work ng

superabras ve part c es. In a further aspect, the p ura ty of work ng superabras ve part c es nc udes from about 2000
to about 5000 work ng superabras ve part c es. In yet another aspect, the p ura ty of work ng superabras ve part c es
nc ude at east about 1000 work ng superabras ve part c es that protrude from the r g d support substrate to d stances
w th n about 30 m crons of one another.

It s noted that, n some cases, the number of work ng superabras ve part c es can be determ ned by observ ng edge
or t p wear after use n a dress ng operat on. As such, n one aspect a CMP pad dresser can have greater than about
300 superabras ve part c es w th worn t ps or edges fo ow ng a CMP pad dress ng procedure. In another aspect, a
CMP pad dresser can have greater than about 500 superabras ve part c es w th worn t ps or edges fo ow ng a CMP
pad dress ng procedure. In a further aspect, a CMP pad dresser can have greater than about 1000 superabras ve
part c es w th worn t ps or edges fo ow ng a CMP pad dress ng procedure.

In one examp e, superabras ve part c e t ps can be descr bed n terms of the d stance that each superabras ve partce
protrudes from the b nd ng mater a, or matr x_ayer. The d fference n protrus on d stance between the h ghest

protrud ng t p and the next h ghest protrud ng t p of the mono ayer of superabras ve partc es s descr bed as the
protrus on d fference. In one aspect, the protrus on d fference can be ess than or equa to about 50 m crons. In
another aspect, the protrus on d fference can be ess than or equa to about 20 m crons. In a further aspect, the
protrus on d fference can be ess than or equa to about 10 m crons. It s noted that the term “protrus on d fference”
can a so be used to descr be the d fference n protrus on d stance between any two or more superabras ve part c es.

In another aspect, and n add t on to the protrus on d fference between the h ghest two protrud ng t ps, the d fference
n protrus on d stance between the h ghest 10 protrud ng t ps of the mono ayer of superabras ve partc es are wthn
about 30 m crons or_ess. In yet another aspect, the d fference n protrus on d stance between the h ghest 10

protrud ng t ps of the mono ayer of superabras ve part ¢ es are w th n about 20 m crons or_ess.

Add tona y, n some aspects the d fference n protrus on d stance between the h ghest 1% of the protrud ng t ps of
the f rst mono ayer of superabras ve part c es can be w th n about 80 m crons or_ess. In other words, for the 1% of the
p ura ty of superabras ve part c es that have the h ghest protrud ng t ps, the var ance n protrus on d stance for that
1% s ess than or equa to about 80 m crons. For examp e, the two h ghest protrud ng superabras ve partc e t ps
protrude to w th n about 10 m crons or_ess of each other, and n add t on, the h ghest protrud ng 1% of superabras ve
part c e t ps protrude to w th n about 80 m crons or_ess of each other. In yet another aspect, the d fference n

protrus on d stance between the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve part c es are

w th n about 60 m crons or_ess. In yet another aspect, the d fference n protrus on d stance between the h ghest 1%
of the protrud ng t ps of the mono ayer of superabras ve part c es are w th n about 40 m crons or_ess.

It s noted that the rec ted protrus on d stances can _nc ude a d str but on across the ent re mono ayer surface or a

d screte area or segment of the mono ayer. For examp e, the h ghest 1% of protrud ng t ps can be ocated around the
per phery of the mono ayer. In one aspect, for examp e, substanta y a of the aspertes are cut n the CMP pad by
superabras ve part c es ocated at a per phera ocat on of the dresser. In another aspect, the per phera ocat on
extends from an outer edge of the dresser _nward y toward a center po nt of the dresser for up to about 90% of the
dresser rad us. In yet another aspect, the per phera ocat on extends from an outer edge of the dresser nward y
toward a center po nt of the dresser for up to about 50% of the dresser rad us. In a further aspect, the per phera
ocat on extends from an outer edge of the dresser nward y toward a center po nt of the dresser for up to about 33%
of the dresser rad us. Add tona y, n some aspects, substanta y a of the superabras ve part c es are ocated at a
per phera ocat on of the dresser. In other aspects, substanta y a of the superabras ve part c es are arranged n

un form predeterm ned pattern at a per phera ocat on of the dresser.

In another examp e, d screte reg ons of eve ed superabras ve part c e t ps can be ocated wth n a_arger area of
superabras ve part c es hav ng a_ower protrus on d stance than the eve ed porton. It s a so contemp ated that the
mono ayer can_nc ude mutp e reg ons or segments of superabras ve part c es that are_eve ed as descrbed, wthn a
arger area of superabras ve part c es hav ng a_ower protrus on d stance.

Thus, the re at ve_eve ng of the mono ayer of superabras ve part c es can great y affect the morpho ogy and

d str but on of aspert es cut nto the CMP pad by the dresser. For examp €, n one aspect, the mono ayer s eve ed
such that rotat ng the dresser aga nst the CMP cuts asper t es hav ng a max mum cutt ng depth of about 80 m crons.
In another aspect, the mono ayer s eve ed such that rotat ng the dresser aga nst the CMP cuts asper t es hav ng a
max mum cutt ng depth of about 60 m crons. In yet another aspect, the mono ayer s eve ed such that rotat ng the
dresser aga nst the CMP cuts asper t es hav ng a max mum cutt ng depth of about 40 m crons. By form ng po nted
asper t es, the contact pressure between the work p ece and the CMP pad s ncreased, thus mprov ng the po sh ng
character st cs of the pad. As these po nted reg ons beg n to f atten, the contact pressure beg ns to decrease, and

s urry ocated therebetween s ess effect ve y pressed aga nst the work p ece. In some aspects t can be benefca for
the contact area between the pad and the wafer to be ess than or equa to about 1% of the tota wafer surface area
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fac ng the pad. In other aspects, t can be benefc a for the contact area between the pad and the wafer to be ess
than or equa to about 0.1% of the tota wafer surface area fac ng the pad. Th s sma contact area_s due to the wafer
be ng perched on the contact po nts of the asper t es. Dur ng the po sh ng process, the sharp t ps of the asper tes
become worn, thus ncreas ng the contact area and decreas ng the contact pressure to a po nt whereby the s urry
abras ves do not effect ve y abrade the wafer. At th s po nt the remova_rate of mater a_from the wafer drops, and the
pad needs to be redressed to resharpen the asper t es.

Add tona vy, the oad p aced on the CMP pad by the dresser can affect the morpho ogy of the spacers, such as, n
some cases, the asper ty depth. The oad can be ad usted for a g ven dresser to ad ust penetrat on depth. In one
aspect, for examp e, the oad can be from about 0.1 Kg to about 60 Kg. In other aspects, the oad can be from about
2 Kg to about 20 Kg. In further aspects, the oad may be from about 6 Kg to about 12 Kg. In some aspects the oad
may be Kg/m2. For examp e, n one aspect an 11.5 Kg oad can a ow a mater a remova_rate from the wafer of about
200 m crons per hour for Cu_ayers. In a re ated examp e, an 11.5 Kg oad can a ow a mater a remova_rate from the
wafer of about 100 m crons per hour for ox des. In many cases, a ower _oad can be used n order to m n m ze the
superabras ve part c e damage (e.g., ess than or equa to about 2 Kq).

Furthermore, eve ng of the t ps of the superabras ve part c es n the mono ayer a ows d ffer ng amounts of
superabras ve part c es to actua y cut aspertes nto the pad. In one aspect, for examp e, the t ps are_eve ed such
that at_east 100 t ps of the p ura ty of superabras ve part c es cut asper t es nto the CMP pad as the dresser s
rotated. In another aspect, the t ps are _eve ed such that at east 50 t ps of the p ura ty of superabras ve part c es cut
asper tes nto the CMP pad as the dresser_s rotated. In a further aspect, the t ps are eve ed such that at east 25 t ps
of the p ura ty of superabras ve part c es cut aspertes nto the CMP pad as the dresser_s rotated.

Add tona vy, var ous methods can be ut zed to measure superabras ve part c e t p he ght to determ ne the d fference
n protrus on d stance between t ps. As such, any method for mak ng such a determ naton s cons dered to be wthn
the present scope. It shou d be noted that for the purposes of the present d sc osure, the term “protrus on” refers to
the he ght of a part c e re at ve to some reference po nt. Techn ques for such measurements can _nc ude d rect
measurements of the t p he ghts re at ve to a reference po nt such as, for examp e, the h ghest partc e t p, a surface
of a rgd support, the bottom surface of the matr x, etc. Measurements of part ¢ e he ght from the surface of the

matr x mater a_can be prob emat c, however, due to the rregu ar nature of such mater a s due to w ck ng around the
superabras ve part c es. In those cases whereby the matr x mater a s un form, such a surface may be used to
determ ne part c e he ght. Add t ona v, a re at ve protrus on or he ght d fference between two part c es wou d be the

d fference n the he ghts between these part c es measured from a common reference po nt. Furthermore, n some
cases the superabras ve part ces may e aong a s ope, curvature, or some other arrangement that s not para e to
the undery ng support, such as, for examp e, a meta _support_ayer. In these cases, the protrus on he ght wou d be
norma_zed aga nst the s ope, curvature, or other arrangement so that the re at ve protrus on he ght d fference
between part c es can be measured n the absence of the s ope, curvature, etc. It shou d be noted that superabras ve
partc e tp he ght eve ng can, n some cases, be ndependent from the pos t on ng or pattern ng of the superabras ve
part c es across the surface of the dresser.

One examp e of a d rect measurement techn que can _nc ude an opt ca_scann ng process to eva uate superabras ve
partc e tp postons. In one such process, an opt ca_scanner can scan the surface of the CMP pad dresser to
determ ne the he ght of the superabras ve part c e t ps re at ve to a f xed po nt. For examp e, the scanner can scan
downward n space toward the dresser unt _the h ghest tp s ocated. The h ghest t p can then be set to the reference
po nt, and the scanner can cont nue scann ng n a d rect on toward the dresser measur ng the d stance from the
reference po nt to each superabras ve part c e t p across the surface of the dresser. Accord ng y, the d fference n
protrus on d stance between a of the superabras ve part ¢ es across the dresser can be d rect y measured.

Furthermore, measurement techn ques can a so_nc ude nd rect measurements, such as, for examp e, app y ng the
d amond mono ayer to a deformab e substrate that deforms re at ve to the protrus on d stance of the partc e t ps. The
d amond mono ayer can be pressed nto the deformab e substrate and/or moved across the deformab e substrate to
form a scratch pattern there n. T p he ght can thus be extrapo ated from such nd rect measurements.

Numerous conf gurat ons for des gnated prof es are poss b e depend ng on the part cu ar use of the abrad ng too ,
and a_such des gnated prof es are cons dered to be w th n the present scope. In one aspect, for examp e, the

des gnated prof e can be a p ane. In p anar prof es, the h ghest protrud ng po nts of the superabras ve part c es are
ntended to be substanta y eve n the tradtona sense. It s mportant to po nt out that, though t s preferred that
these po nts a_gn w th the des gnated prof e, there may be some he ght dev at on between superabras ve part c es
that occur due to _m tat ons nherent n the manufactur ng process.

In add t on to p anar prof es, n another aspect of the present nvent on the des gnated prof e has a s ope. Too s
hav ng s op ng surfaces may funct on to more eveny spread the fr ct ona forces mp ng ng thereon across the
superabras ve part c es, part cu ar y for rotat ng too s such as d sk sanders and CMP pad dressers. The greater
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downward force app ed by h gher centra port ons of the too_may offset the h gher rotat ona ve oc ty at the per phery,
thus reduc ng the mechan ca_stress exper enced by superabras ve part c es n that ocat on. As such, the s ope may
be cont nuous from a centra po nt of the too to a per phera po nt, or the s ope may be d scont nuous, and thus be
present on ony a porton of the too. Sm ary, agven too may have asnge sopeormutpe sopes.Incertan
aspects, the too may s ope n a drecton from a centra_po nt to a per phera po nt, or t may s ope from a per phera
po nt to a centra_po nt. Var ous s opes are contemp ated that may prov de a beneft to so d fed organ c matera ayer
toos. It s not ntended that the ¢ a ms of the present nventon be m ted as to specfc s opes, as a var ety of s opes
n numerous d fferent too s are poss b e. In one aspect, however, a CMP pad dresser may beneft from an average

s ope of 1/1000 from the center to the per phery.

Furthermore, n certa n aspects the des gnated prof e may have a curved shape. One spec f ¢ examp e of a curved
shape s a dome shape CMP pad dresser. Such curved prof es functon n a s m ar manner to the s oped surfaces.
CMP pad dressers may nc ude such curved prof es n order to more effect ve y d str bute the fr ct ona forces
between a_of the superabras ve part c es, thus reduc ng fa ures of nd v dua part c es and pro ong ng the fe of the
dresser. A so, CMP pad dressers can have des gnated prof es that comb ne any of a p ane, a s ope, a curved shape,
a dome shape, and the ke, nto a var ety of comp ex prof es.

In another aspect of the present d sc osure, a CMP pad dresser can _nc ude a support substrate, such as argd
support substrate, and a mono ayer of a p ura ty of superabras ve part ¢c es coup ed to the support substrate, where
each superabras ve part c e n the mono ayer extends away from the support substrate to a protrus on d stance, and
where the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest protrud ng t p
of the mono ayer of superabras ve partces s ess than or equa to about 50 m crons. Add t ona v, the d fference n
protrus on d stance between the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve part c es are

w th n about 80 m crons or_ess. In another aspect, the d fference n protrus on d stance between the h ghest

protrud ng t p and the second h ghest protrudng tp s ess than or equa to about 10 m crons. In yet another aspect,
the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest protrudng tp s ess
than or equa to about 10 m crons. In a further aspect, the d fference n protrus on d stance between the h ghest
protrud ng t p and the 10h ghest protrudng t p s ess than or equa to about 20 m crons. In yet another aspect, the
d fference n protrus on d stance between the h ghest protrud ng t p and the 100" h ghest protrudng tp s ess than or
equa to about 40 m crons.

In another aspect of the present d sc osure, a CMP pad dresser s prov ded nc ud ng a support substrate and a
p ura ty of superabras ve part c es secured to the support substrate and pos t oned to engage and dress a CMP pad,
where the p ura ty of superabras ve part c es cut to depths of ess than 50 m crons nto a CMP pad dur ng a dress ng

procedure.

In a further aspect, a method of dress ng a CMP pad s prov ded. Such a method can nc ude app y ng a CMP pad

dresser to a CMP pad, and mov ng at_east one of the CMP pad or the CMP pad dresser w th respect to one another

to cut aspertes nto the CMP pad hav ng a cutt ng depth of from about 10 m crons to about 50 m crons. As one non-
m t ng examp e, an exemp ary CMP pad can _nc ude a support substrate and a mono ayer of a p ura ty of

superabras ve part ¢ es coup ed to the support substrate, where the p ura ty of superabras ve partces nc udes a

p ura ty of work ng superabras ve part c es.

In one exemp ary aspect, as s shown n FIG. 1, a CMP pad dresser 100 nc udes a mono ayer of a p ura_ty of
superabras ve part c es 102 coup ed to a support substrate 104 w th, for examp e, a b nd ng mater a_105. Each
superabras ve part c e n the mono ayer protrudes to a protrus on d stance from the support substrate. The d fference
n protrus on d stance 106 between the h ghest protrud ng t p 108 and the next h ghest protrud ng t p 110 of the
mono ayer of superabras ve part c es s descr bed as the protrus on d fference. In one aspect, the protrus on

d fference can be ess than or equa to about 50 m crons. In another aspect, the protrus on d fference can be ess
than or equa to about 20 m crons. In a further aspect, the protrus on d fference can be ess than or equa _to about 10
m crons. It s noted that the term “protrus on d fference” can a so be used to descr be the d fference n protract on

d stance between any two or more superabras ve part c es.

A var ety of mater a s are contemp ated for use as superabras ve part ¢c es. Any superabras ve known that can be

ut zed n a CMP pad dresser shou d be cons dered to be w th n the present scope. Non- m t ng examp es of such
mater as nc ude d amond mater a s, ntrde mater a s, ceram cs, and the ke. In one aspect, the superabras ve
partces ncude d amond mater as. Such d amond mater as can_nc ude natura _or synthet c d amond, s ng e crysta,
po ycrysta ne, and the ke. In another aspect, the superabras ve part c es nc ude cub ¢ boron n tr de mater a s.

It s ntended that the scope of the present d sc osure nc ude superabras ve part c es of a _conce vab e s zes that
wou d be usefu n dress ng a CMP pad. Aspects of the present d sc osure, however, spec fca y a ow the retent on of
superabras ve partces n a CMP pad dresser of s zes that have not prev ous y been feas b e for use n meta toos
made us ng trad t ona_techn ques w th part c es exposed and arranged n a pattern. In one aspect, superabras ve
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part c es may range n s ze from about 30 m crons to about 250 m crons. In another aspect, superabras ve part c es
may range n s ze from about 100 m crons to about 200 m crons. In yet another aspect, superabras ve part c es can
range from 100 m crons to 150 m crons. Add t ona v, var ous d amond part c es s zes can be used, nc ud ng mesh
s zes such as 10/20, 30/40, 80/90, 90/100, 100/120, 120/140, 140/170, 170/200, 200/230, 230/270, 270/325, and
325/400.

Add tona vy, the p ura ty the superabras ve part c es can be or ented so as to affect dress ng performance of a CMP
pad. Or ent ng the superabras ve partces n a specfc atttude n re aton to the CMP pad to be dressed creates

d fferent aspert es n the pad surface, thus a ter ng the performance of the CMP pad. D fferent aspertes retan s urry
n d fferent manners and thus po sh a workp ece d fferent y accord ng to asper ty depth, w dth, dens ty, etc. The
superabras ve part ¢ es of a CMP pad dresser can be or ented accord ng to the des red po sh ng character st cs of
the CMP pad. For examp e, fthe superabras ve part c es predom nant y have an apex or ented towards the CMP
pad, the asper t es of the pad w__be narrow and deep. The advantages of narrow and deep asper t es are that the
pad can better reta n the po sh ng s urry, and thus the po _sh ng rate of the wafer _ncreases. However, the ncreased
po sh ng rate may a so _ncrease the wear rate of the superabras ve part c es. As such, wear rate may vary depend ng
on the att tude of the superabras ve part c es, and therefore, the or entat on of each superabras ve part c e may be
cons dered when des gn ng a dev ce w th des red performance character st cs. Genera y speak ng, superabras ve
part c e att tudes that prov de h gher dress ng rates (.e. deeper penetrat on nto a pad) a so wear part c es out at a

h gher rate.

In contrast, fthe superabras ve part c es are or ented w th a face towards the pad, the resu t ng aspertes may po sh
at a_ower rate. The face of the partce s genera y thought to be more durab e, but does not typ ca y cut deep and
narrow asper tes n the pad, but rather asper t es that are sha ow and broad. Therefore the face port on of a partce
w__dress a CMP pad at a reduced rate compared to the apex port on of a part c e, but the superabras ve partce w
wear at a much ower rate.

The edge port ons of a superabras ve part c e have dress ng and wear character st cs that are between those of the

face and apex port ons. It has been thought that f the edge porton s ut zed to dress a CMP pad, the aspertes are
not as deep or narrow as those dressed w th an apex port on, but may prov de aspertes havng desrab e

ntermed ate character st cs. Further, the edge port on of the part c e does not wear at such a h gh rate as that of an

apex.

In one aspect, the p ura ty of superabras ve part c es are substanta y a confgured n an att tude hav ng e ther an
apex port on or an edge port on or ented toward a pad to be dressed. In another aspect, the p ura ty of superabras ve
part c es are substanta y a confgured n an att tude hav ng e ther an edge port on or a face port on or ented toward
a pad to be dressed. In yet another aspect, the p ura ty of superabras ve part c es can be conf gured n an att tude
hav ng a sharp port on or ented towards a pad to be dressed. In a further aspect, the p ura ty of superabras ve

part c es can be conf gured n an att tude hav ng an apex port on or ented towards a pad to be dressed.

A CMP pad dresser hav ng a substanta y eve ed t p arrangements can have a_ow scratch rate because
superabras ve partces are ess ke y to pu out of the matr x_ayer due to the r more un form protrus on d str but on
compared to trad t ona dressers. Add t ona y, the more un form protrus on d str but ons of such a dressers a ows the
cond t on ng of CMP pads n such a manner as to fac tate good po sh ng rates wh e at the same t me extend ng the
effect ve work ng fe of the dresser. These benef ts can be affected by, for examp e, un form asper ty spac ng and

s ze d strbut on _n the CMP pad.

CMP pad dressers hav ng substanta y eve ed or_eve ed superabras ve part c e t ps can be made us ng var ous
manufactur ng techn ques, and any such techn que s cons dered to be w th n the present scope. The fo ow ng
descr pt on prov des a few non- m t ng descr pt ons of such exemp ary processes.

In one aspect, for examp e, a CMP pad dresser can be made us ng a braz ng process, and as such wou d genera y
nc ude a support substrate and a p ura ty of superabras ve part c es coup ed to the support substrate by a meta or
meta a oy braze mater a. As has been descr bed, trad t ona_braz ng techn ques create warpage n the dresser as
the braze mater a coo s. As such, superabras ve part c e t ps that were _eve ed pr or to braz ng are substanta y

m sa gned n the manufactured dresser. Therefore, steps to m n m ze or e m nate the warpage must be taken when
us ng a braze process n order to mantantp eve ng. Varous techn gues to mn m ze or e m nate warpage are
contemp ated, and any such techn que s cons dered to be w th n the present scope.

As one genera_examp e, a CMP pad dresser can be made n at east a two stage process, where the frst stage s
performed n a manner that m n m zes perturbat ons of the eve ed t ps n a process that woud norma y sgnfcanty
move the superabras ve t ps out of a_eve ed arrangement, such as, for examp e, by braz ng. The second stage of the
process can further enhance the eve ng of superabras ve part c e t ps across the CMP pad dresser. Other examp es
may ncude ut zng ower temperature a oys, us ng s ow temperature ramp ng n heat ng and/or coo ng of the

EX1060, Page 226



Case 1:20-cv-00247-RGA-JLH  Document 20-8  Filed 07/27/20 Page 17 of 31 PagelD
#: 381

Comparison between U.S. Pub. No. 2014/0120724 and U.S. Patent No. 9,724,802
(New subject matter added to the ‘802 Patent is shown in red)

support substrate, us ng add t ona_mechan ca_support to frm y ho d the support substrate from mov ng when
warpage occurs, and the ke.

Warpage can a so be mnmzed or e m nated through the structura des gn of the dresser. For examp e, n one
aspect a CMP pad dresser can_nc ude a frst mono ayer of superabras ve part c es d sposed on one s de of a meta
support_ayer and a second mono ayer of superabras ve part c es d sposed on the meta support_ayer on an oppos te
s de from the frst mono ayer. The superabras ve part c es of the second mono ayer are pos t oned to have

substant a_y the same d str but on as the superabras ve part ¢ es of the frst mono ayer. A rgd support s coup ed to
the second mono ayer of superabras ve part c es oppos te the frst mono ayer to prov de support to the dresser.

As s shown n FIG. 2, for examp e, a frst mono ayer of superabras ve part c es 202 s arranged on a surface of a
support substrate 204. A second mono ayer of superabras ve part c es 206 s arranged on the support

substrate 204 on a s de that s oppos te to the frst mono ayer. As s d scussed further be ow, n some cases the frst
and second mono ayers of superabras ve part c es can be arranged such that correspond ng superabras ve part c es
across the support ayer are n substanta a gnment, as s shown n FIG. 2. In other cases, the superabras ve

part c es of the frst and second mono ayers can be arranged n a substanta y s m ar d str but on, but may or may not
be substanta y a gned w th one another across the support substrate.

The d spos t on of a mono ayer of superabras ve part c es on each s de of the support substrate thus moderates the
therma_shr nkage from the braz ng temperature that wou d otherw se buck e a d str but on of superabras ve part c es
arranged on _ust one s de. By app y ng a mono ayer to each s de of the support substrate, warp ng forces such as
therma_movement and pressure can be equa zed or substanta y equa zed from both s des. As such, the warpage
of the support substrate can be m n m zed. In other words, the forces respons b e for warp ng are app ed

substant a y equa y to each s de of the support substrate and can thus at east parta y cance one another out, thus
m n m z ng warpage that can otherw se occur. In some aspects, the superabras ve part ¢ es mak ng up the

mono ayers on each s de of the support substrate can have match ng conf gurat ons, patterns, or or entat ons to one
another. In th s way there can be a substant a y match ng spata _arrangement of superabras ve part ¢ es on each

s de of the support substrate. In another aspect, the conf gurat ons, patterns, or or entat ons can be d fferent or var ed
from one another, or may be part a y match ng. In yet another aspect, the patterned p acement of the superabras ve
part c es on one s de of the support substrate can be substanta y a gned w th the pattern of superabras ve part c es
on the other s de of the support substrate so that part c e ocat ons match one another. In some aspects, there can be
a d rect correspondence between the spat a pos t on ng of superabras ve part c es on one s de of the support
substrate and the spata pos t on ng of superabras ve part ¢ es on the other s de of the meta_support substrate. In
another aspect, the patterns of superabras ve part c es may match or substant a y match one another, but may be
offset on oppos te s des of the support substrate so that part c e ocat ons do not match one another.

Accord ng y, m n m z ng the warpage of the support substrate can ma nta n a greater degree of eve ng of
superabras ve partce t ps n the fn shed too . When heat and/or pressure are used to make a superabras ve too ,
warpage of the support substrate can cause great var atons n tp he ght eve , even for those part c es that were

eve ed pr or to heat ng and/or app y ng pressure. In one aspect, d str but ng the warpage forces equa vy or

substant a y equa y on both s des of a support substrate through the arrangement of the superabras ve part c es can
effect ve y cance forces on oppos ng s des and thus great y reduce the degree of warp ng occurr ng n the support
substrate, thus a so m nm z ng the re at ve he ght movement of the superabras ve part c es re at ve to one another. In
other aspects, CMP pad dressers can be made us ng processes that do not ut zed h gh pressure and/or h gh

temperature.

The support substrate can be any mater a_capab e of support ng the d amond mono ayer dur ng too format on. Such
mater as can nc ude, w thout m taton, meta matera s, meta a oy materas, braze a oy materas, ceramc
mater a s, compos tes, and the ke.

In one aspect, the superabras ve part c es can be arranged nto a predeterm ned pattern. Such a pattern can be a

un form v d str buted pattern or a non-un formy d str buted pattern. Add tona vy, a var ety of techn ques are

contemp ated to fac tate the arrangement of superabras ve part c es nto a predeterm ned pattern. Predeterm ned s
understood to mean a non-random pattern that has been determ ned pr or to arrang ng the superabras ve part c es. In
one aspect, a predeterm ned pattern can a so app y to a predeterm ned spac ng between part c es. Non- mtng
examp es of such techn ques nc ude arrangement by a temp ate, arrangement us ng spots of adhes ves,
arrangement on a f rst substrate fo owed by a pattern spec f ¢ transfer from the f rst substrate to the support
substrate, and the ke, nc ud ng comb nat ons thereof. The superabras ve part c es from e ther of the mono ayers can
be temporar y he d n poston n the predeterm ned pattern us ng a var ety of techn ques, nc ud ng, w thout m tat on,
adhes ves, d mp ed ocat ons on the meta support matr x, a support ng compound such as, for examp e, a wax, and
the ke, nc ud ng comb nat ons thereof. In one spec f ¢ aspect, the superabras ve part c es can be temporar y

coup ed to the support substrate us ng an adhes ve that then vo at zes away and s e m nated dur ng construct on of
the dresser.
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In one aspect, the predeterm ned pattern can be a un formy d str buted gr d. In another aspect, the predeterm ned
pattern can be an annu ar conf gurat on hav ng a centra reg on devo d of superabras ve part c es. In one specfc
aspect, the annu ar conf gurat on can _nc ude an annu ar r ng. In another spec f ¢ aspect, the annu ar conf gurat on
can_nc ude a port on of an annu ar r ng. In yet another aspect, an annu ar conf gurat on can _nc ude one or more
concentr ¢ annu ar r ngs nested ns de one another. In other aspects, the mono ayer d str but on can be d screte rad a
reg ons, sp ra regons, and the ke.

In another aspect, as s shown n FIG. 3, a frst mono ayer of superabras ve part c es 302 s arranged on a surface of
a support substrate 304. A second mono ayer of superabras ve part c es 306 s arranged on the support

substrate 304 on a s de that s oppos te to the frst mono ayer. A bond ng mater a 308 secures the frst mono ayer
and the second mono ayer to the support substrate 34. The bond ng mater a_can be any mater a_capab e of secur ng
the frst and second mono ayer to the support substrate. In some aspect, the bond ng mater a_can be the same for
secur ng the frst mono ayer and the second mono ayer, wh e n other aspects the bond ng mater a can be d fferent
for secur ng the frst mono ayer and the second mono ayer.

It s noted that the var ous descr pt ons of mater a s, attachment techn ques, and the ke, can be genera y app cab e
to any CMP pad dresser des gn to wh ch such mater a s, techn ques, and the ke are app cab e. For examp e, a
mater a_that can be used to secure a superabras ve part c e to a substrate can be used n both dua _mono ayer and
s ng e mono ayer dresser des gns.

Accord ng vy, the bond ng mater a _can be any mater a_capab e of secur ng superabras ve part c es there n. Non-
m t ng examp es of bond ng materas nc ude meta brazes, meta braze a oys, organ ¢ matr x mater a s, s ntered
mater a s, e ectrop ated mater a s, and the ke, nc ud ng comb nat ons thereof.

In one aspect, for examp e, the superabras ve part c es can be brazed to the support substrate, and thus the bond ng
mater a _can be a meta braze or meta braze a oy. Meta braz ng techn ques are known n the art. A green braze
mater a can be app ed to the support substrate on or around the superabras ve part c es. The meta _braze can be
app_ed n any known conf gurat on, nc ud ng braze sheets, powders, pastes, sprays, and the ke, ncud ng

comb nat ons thereof. Once app ed to the support substrate, the braze can be heated and me ted to coat at east a
port on of the support substrate and to bond the superabras ve part c es. The heat ng temperature can vary

depend ng on the braze mater a_used, but n one aspect can be from about 700° C. to about 1200° C.

In one non- mtng examp e, the superabras ve part c es can be bonded to the support substrate by braz ng w th a
n cke -based a oy conta n ng chrom um. In another examp e, the braz ng can nc ude press ng the superabras ve
part c es wth a f at ceram ¢ mater a_that cannot be bonded to the braze n order to _eve the superabras ve partce
t ps. Var ous braze a oys are contemp ated, nc ud ng non- mtng examp es such as BN ,, BN ;, and the ke.

Addtona y, none aspect superabras ve part c es can be coup ed to the support substrate by an e ectrodepos t on
process, and thus the bond ng mater a_can be an e ectrodepos ted meta matera . As an examp e of a sutab e
method for pos t on ng and reta n ng abras ve mater a s pror to and dur ng the e ectrodepos t on process, a mod can
be used that ncudes an _nsu at ng mater a_that can effect ve y prevent the accumu at on of e ectrodepos ted mater a
on the mo d ng surface. Superabras ve part c es can be he d on the mo d ng surface of the mo d dur ng e ectro
depos t on. As such, the accumu at on of e ectrodepos ted mater a_can be prevented from occurr ng on the partc e

t ps and the work ng surface of the pad cond t oner substrate. Such techn ques are descrbed n U S patent
app caton Ser. No, 11/292,938, f ed Dec. 2, 2005, wh ch s hereby ncorporated here n by reference.

In another aspect, the superabras ve part c es can be bonded to the support substrate by s nter ng, and thus the
bond ng matera can nc ude a s nter ng mater a. For examp e, the bond ng of the superabras ve part c es to the
support substrate can _nc ude d spos ng a s nter ng compound on the support substrate n contact w th the p ura ty of
superabras ve part c es, and s nter ng the s nter ng compound to bond the superabras ve part ¢ es to the support
substrate. Su tab e s nter ng methods w__be read y apprec ated by one of ord nary sk __n the art hav ng possess on
of th s d sc osure. Bas ca vy, a s nter ng compound s app _ed around the superabras ve part c es and n contact w th
the support substrate. The s nter ng compound can be any known s nter ng mater a_that can be used to secure
superabras ve part c es to a substrate. Non- m t ng examp es of such mater a s can _nc ude meta and meta a oy
powders, ceram ¢ powders, and the ke. One specfc non- mtng examp e of a s nter ng compound s coba t powder.

Once the s nter ng compound has been app _ed around the superabras ve part ¢ es and to the support substrate, heat
and n some cases pressure can be app ed to cause s nter ng to occur. In some aspects, a braze or braze a oy can
be nf trated nto the s nter ng compound dur ng bond ng to further strengthen the bond ng mater a_matr x.

In yet another aspect, s nter ng can be used to s nter the p ura ty of superabras ve part c es nto a CMP pad dresser,
where the support substrate s the s nter ng matera. In th s case, the above rec ted procedure can be repeated
w thout the use of a support substrate.
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In another aspect, heat and pressure can be app ed to bond the p ura ty of superabras ve partc es d recty nto the
support substrate. Thus, upon the app cat on of heat and pressure, the support substrate can be softened or parta y
me ted. The superabras ve part c es are then pressed nto the support substrate. A p anar_eve ng surface can be
used to app vy pressure to the mono ayer of superabras ve part c es to thus ma nta n the eve nature of the
superabras ve part c e t ps as the superabras ve part c es are pressed nto the support substrate. Pressure can be
ma nta ned upon the support substrate and superabras ve part c es unt _coo ed, thus m nm z ng warp ng.

In yet another aspect, as s shown n FIG. 4, a dua mono ayer CMP pad dresser can_nc ude a frst mono ayer of
superabras ve part c es 402 and a second mono ayer of superabras ve part c es 406 coup ed to a support

substrate 404. The superabras ve part c es can be coup ed to the support substrate d recty or va a bond ng matera.
The second mono ayer of superabras ve part c es 406 s coup ed to a second support substrate 408. A port on of the
second support substrate s shown removed n FIG. 4 to expose the second mono ayer. The second support
substrate 408 can fac tate hand ng and use of the CMP pad dresser. By bond ng the superabras ve part c es of the
second mono aver to the second support substrate, the frst mono ayer of superabras ve part c es rema ns exposed
for CMP pad cond t on ng operat ons.

The second support substrate can be made from any mater a compat b e w th the abrad ng or dress ng process.
Such mater as can_nc ude po ymer ¢ mater a s, meta mater a s, ceram ¢c mater a s, g asses, compos tes, and the

ke. In one aspect, the second support substrate can be a po ymer ¢ mater a_and the second mono ayer of
superabras ve part c es can be embedded there n us ng heat, pressure, adhes ves, etc. In some aspects, the second
support substrate can be a non-po ymer ¢c mater a_such as a meta _avyer. In such cases, the superabras ve part c es
can be bonded to the second support substrate by adhes ve attachment, so der ng, braz ng, e ectrop at ng, and the

ke. For braz ng techn ques, care can be taken to m n m ze or e m nate warpage n the substrate dur ng the heat ng
and coo ng process. In another aspect, one or more magnet c e ements can be p aced nto the second support
substrate to attract and ho d the CMP pad dresser n p ace, thus form ng a temporary attachment. An opt ona_ock ng
mechan sm can be ut zed to further mmob ze the CMP pad dresser to the second support substrate dur ng use. In
some aspects the second support substrate can _nc ude surface features to ho d the dresser n p ace dur ng rotat ona
movement aga nst a CMP pad. The second support substrate can have approx mate y the same d ameter as the
meta support ayer, a arger d ameter than the meta support ayer, or, n some cases, a sma er d ameter than the
meta support ayer.

In another aspect, a CMP pad dresser can be compr sed of a p ura ty of dress ng segments hav ng a p ura_ty of

eve ed superabras ve part c es t ps, where the p ura ty of dress ng segments are hed n p ace by a rgd support or
support substrate. Such a des gn a ows a p ura ty of sma_er dress ng segments to be manufactured hav ng prec sey
eve ed t ps. Sma_er d ameter support_ayers n these dress ng segments can be made by processes nvo v ng heat
and/or pressure w th_ess warpage due to ther sma er s ze. For examp e, a4 nch d ameter meta dsc can exhb t
greater warp ng due to braz ng as compared to a 0.5 nch d ameter meta d sc. Thus therma d stort on and partc e
foat ng prob ems are decreased. A p ura ty of such dress ng segments can then be coup ed to a_arger d ameter
support substrate by processes that do not ntroduce s gn f cant warpage, such as bond ng n an organ ¢c matera.
Such dress ng segments can have one or more aver(s) of superabras ve part c es coup ed to a support_ayer. In one
aspect, a segment can have a s ng e ayer of superabras ve part c es coup ed to a support_ayer. In another aspect, a
segment can have a_ayer of superabras ve part c es coup ed to each s de of a support_ayer, as has been descr bed
here n. Thus, th s process a ows the manufacture of CMP pad dressers that can have prec se t p protrus on

to erances. Add tona y, n one aspect, each dress ng segment can have at east three superabras ve part c es that
protrude to the greatest extent. If the three h ghest protrud ng superabras ve part c es on every dress ng segment are
eve ed across the ent re support substrate, a CMP pad dresser s made hav ng very prec se t p_eve ng across the
ent re surface. If, for examp e, ten dress ng segments are used to make the CMP pad dresser, then the h ghest

protrud ng th rty superabras ve partces n the too w__have effect ve y the same protrus on d stance and be
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24, 2011, wh ch s hereby ncorporated here n by reference.

Var ous organ ¢ mater a s are contemp ated for use as a support substrate, and/or to secure a second mono ayer of
superabras ve part ¢ es and/or the dress ng segments to the support substrate. Examp es of su tab e organ ¢ matr x
materas nc ude, wthout m tat on, am no res ns, acry ate res ns, a kyd res ns, po yester res ns, po yam de res ns,
po y mde res ns, po yurethane res ns, pheno c res ns, pheno c/ atex res ns, epoxy res ns, socyanate res ns,
socyanurate res ns, po ys oxane res ns, react ve v ny res ns, po yethy ene res ns, po ypropy ene res ns, po ystyrene
res ns, phenoxy res ns, pery ene res ns, po ysu fone res ns, acry on tr_e-butad ene-styrene res ns, acry cresns,

po ycarbonate res ns, poy m de res ns, and m xtures thereof. In one spec f ¢ aspect, the organ ¢ matera can be an
epoxy res n. In another aspect, the organ ¢ mater a_can be a po y m de res n. In yet another aspect, the organ c
mater a can be a po yurethane res n.

Add tona vy, so-ca ed “reverse cast ng” methods can be used to accurate y or ent and attach the dress ng segments
to the support substrate. Such methods can ncude nta y securng the p ura ty of dress ng segments to a substrate
us ng a “mask” mater a. The port ons of the dress ng segments protrud ng from the mask mater a_can then be
attached to the r g d support us ng the methods d scussed here n, after wh ch (or dur ng wh ch), the mask ng mater a
can be removed.

When an organ ¢ matera_s ut_zed, methods of cur ng the organ ¢ mater a_can be a var ety of processes known to
one sk ed n the art that cause a phase trans t on n the organ c matera from at east ap ab e state to at eastargd
state. Cur ng can occur, w thout _m tat on, by expos ng the organ ¢ mater a_to energy n the form of heat,

e ectromagnet ¢ rad at on, such as u trav o et, nfrared, and m crowave rad at on, part c e bombardment, such as an

e ectron beam, organ c cata ysts, norgan c cata ysts, or any other cur ng method known to one sk _ed n the art.

In one aspect of the present nvent on, the organ ¢ mater a_can be a thermop ast ¢c mater a. Thermop astc matera s
can be revers b y hardened and softened by coo ng and heat ng respect ve y. In another aspect, the organ ¢ mater a
ayer may be a thermosett ng mater a. Thermosett ng mater a s cannot be revers b y hardened and softened as w th
the thermop ast c mater a s. In other words, once cur ng has occurred, the process can be essenta y rreversbe, f
des red.

As a more deta ed st of what s descr bed above, organ ¢ mater a s that may be usefu _n embod ments of the
present nventon nc ude, but are not m ted to: am no res ns_nc ud ng a ky ated urea-forma dehyde res ns,

me am ne-forma dehyde res ns, and a ky ated benzoguanam ne-forma dehyde res ns; acry ate res ns _nc ud ng v ny
acry ates, acry ated epox es, acry ated urethanes, acry ated po yesters, acry ated acry cs, acry ated po yethers, v ny
ethers, acry ated o s, acry ated s _cons, and assoc ated methacry ates; a kyd res ns such as urethane a kyd res ns;
po yester res ns; po yam de res ns; poy m de res ns; react ve urethane res ns; po yurethane res ns; pheno c res ns
such as reso e and novo ac res ns; pheno c/ atex res ns; epoxy res ns such as b spheno_epoxy res ns; socyanate
res ns; socyanurate res ns; po ys oxane res ns _nc ud ng a ky a koxys ane res ns; reactve v ny res ns; res ns
marketed under the Bake te™ trade name, nc ud ng po vethy ene res ns, po ypropy ene res ns, epoxy res ns,
pheno c res ns, po ystyrene res ns, phenoxy res ns, pery ene res ns, po ysu fone res ns, ethy ene copo ymer res ns,
acry on tr_e-butad ene-styrene (ABS) res ns, acry c resns, and v ny res ns; acry c res ns; po ycarbonate res ns; and
m xtures and comb nat ons thereof. In one aspect of the present nvent on, the organ ¢ matera_may be an epoxy
res n. In another aspect, the organ ¢ matera may be a poy mde res n. In yet another aspect, the organ ¢ mater a
may be a po yurethane res n.

Numerous add t ves may be nc uded n the organ c mater a to fac tate ts use. For examp e, add t ona_cross nk ng
agents and f_ers may be used to_mprove the cured character st cs of the organ ¢ matera _ayer. Addtona v,
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so vents may be ut zed to a ter the character st cs of the organ ¢ mater a_n the uncured state. A so, a re nforc ng
mater a_may be d sposed w th n at_east a port on of the so d fed organ c matera ayer. Such re nforc ng mater a
may funct on to_ncrease the strength of the organ ¢ mater a _ayer, and thus further mprove the retent on of the

nd v dua abras ve segments. In one aspect, the re nforc ng matera_may nc ude ceram cs, meta s, or comb nat ons
thereof. Examp es of ceram cs ncude aumna, aumnum carbde, s ca, s con carb de, zrcon a, zrcon um carb de,
and m xtures thereof.

Addtona y, none aspect a coup ng agent or an organometa ¢ compound may be coated onto the surface of a
superabras ve mater a_to fac tate the retent on of the superabras ve part c es n the organ ¢ matera va chemca
bond ng. A w de var ety of organ ¢ and organometa ¢ compounds s known to those of ord nary sk n the art and
may be used. Organometa c coup ng agents can form chem ca s bonds between the superabras ve mater a s and
the organ c mater a, thus ncreas ng the retent on of the superabras ve mater a s there n. In th s way, the
organometa ¢ coup ng agent can serve as a br dge to form bonds between the organ ¢ mater a_and the surface of
the superabras ve mater a . In one aspect of the present nvent on, the organometa ¢ coup ng agent can be a
ttanate, z rconate, s ane, or m xture thereof. The amount of organometa ¢ coup ng agent used can depend upon
the coup ng agent and on the surface area of the superabras ve mater a . Oftent mes, 0.05% to 10% by we ght of the
organ ¢ mater a_ayer can be suff c ent.

Specfc non- mtng examp es of s anes su tab e for use n the present nvent on nc ude: 3-g yc doxypropy tr methoxy
s ane (ava ab e from Dow Corn ng as Z-6040); y-methacry oxy propy tr methoxy s ane (ava ab e from Un on Carb de
Chem ca s Company as A-174); B-(3,4-epoxycyc ohexy )ethy tr methoxy s ane, y-am nopropy tr ethoxy s ane, N-(j3-
am noethy )-y-am nopropy methy d methoxy s ane (ava_ab e from Un on Carb de, Sh n-etsu Kagaku Kogyo K.K.,
etc.). Specfc non- mtng examp es of ttanate coup ng agents nc ude: sopropy tr sostearoy t tanate,

d (cumy pheny ate)oxyacetate t tanate, 4-am nobenzenesu fony dodecy benzenesu fony t tanate,

tetraocty b s(d tr decy phosph te) t tanate, sopropy tr (N-ethy am no-ethy am no) t tanate (ava ab e from Kenr ch
Petrochem ca s. Inc.), neoa kyoxy t tanates such as LICA-01, LICA-09, LICA-28, LICA-44 and LICA-97 (aso ava abe
from Kenr ch), and the ke. Specfc non- mtng examp es of aum num coup ng agents nc ude acetoa koxy
aumnum d sopropy ate (ava ab e from A nomoto K.K.), and the ke. Spec fc non- mtng examp es of z rconate
coup ng agents nc ude: neoa koxy z rconates, LZ-01, LZ-09, LZ-12, LZ-38, LZ-44, LZ-97 (a_ava ab e from Kenr ch
Petrochem ca s, Inc.), and the ke. Other known organometa ¢ coup ng agents, e.g., th o ate based compounds, can
be used n the present nvent on and are cons dered w th n the scope of the present nvent on.

In other aspects of the present d sc osure, superabras ve part c e t ps can be _eve ed by reduc ng the protrus ons of
part c es that are outs de of the des red to erance range. Once such part c es are_dent f ed, var ous techn ques can be
ut zed to reduce such protrus ons. In one aspect, for examp e, mechan ca _abras on of the dresser can reduce the
protrud ng part c es. In another aspect, a v brat on too _can be used to nd v dua y break such part c es. In yet another
aspect, a aser such as a Nd:YAG aser can be used to d srupt such part c es.

In yet a further aspect of the present d sc osure, a CMP pad dresser can _nc ude a p ura ty of superabras ve part c es
arranged as a work ng surface, where the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrud ng t p of the frst mono ayer of superabras ve partces s ess than or equa to about 20

m crons, and where the d fference n protrus on d stance between the h ghest 1% of the protrud ng t ps of the frst
mono ayer of superabras ve part c es, exc ud ng the h ghest protrud ng t p, are w th n about 80 m crons.

In another aspect, a CMP pad dresser can _nc ude a p ura ty of superabras ve part c es arranged as a work ng
surface, where the d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest
protrud ngtp s ess than or equa to about 10 m crons, the d fference n protrus on d stance between the h ghest
protrud ng t p and the 10h ghest protrud ng t p s ess than or equa to about 20 m crons, the d fference n protrus on
d stance between the h ghest protrud ng t p and the 100 h ghest protrud ng tp s ess than or equa to about 40

m crons, and the h ghest protrud ng t p has a protrus on d stance of greater than or equa to about 50 m crons.

It s noted that, wh e the above d sc osure refers pr mar_y to CMP pad dressers, other prec s on gr nd ng and/or
abrad ng too s are cons dered to be w th n the present scope. As such, the techn ques and teach ng d sc osed here n
can add tona y be app ed to such too s.

Addtona vy, t s noted that trad t ona CMP process ng techn ques, nc ud ng pad dress ng, has _m ted the crtca

d mens on of ntegrated crcuts. The presenty d sc osed CMP dress ng dev ces and techn ques can, however, a ows
process ng of wafers hav ng ntegrated crcut crtca d mens ons of ess than or equa to 45 nm, 32 nm, 28 nm, 22
nm, or_ess.

Of course, t s to be understood that the above-descr bed arrangements are ony ustrat ve of the app cat on of the
pr nc p es of the present nvent on. Numerous mod f cat ons and a ternat ve arrangements may be dev sed by those
sk ed n the art w thout depart ng from the sp rt and scope of the present nvent on and the appended c a ms are
ntended to cover such mod f cat ons and arrangements. Thus, wh e the present nventon has been descr bed above
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w th part cu arty and deta n connecton wth what s presenty deemed to be the most pract ca and preferred
embod ments of the nventon, tw be apparent to those of ord nary sk  n the art that numerous mod f cat ons,
nc ud ng, but not mted to, var atons n s ze, mater a s, shape, form, funct on and manner of operat on, assemb y
and use may be made w thout depart ng from the pr nc p es and concepts set forth here n.

Claims:
What s camed s:
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AamA CMP pad dresser, compr s ng: a r g d support substrate; and a mono ayer of a p ura_ty of superabras ve

part c es coup ed to the support substrate, where n each superabras ve part c e n the mono ayer extends away from
the support substrate to a protrus on d stance, where n a t p of each of the p ura ty of superabras ve partces a gns
aong a des gnated prof e wth a t p var at on of from about 5 m crons to about 100 m crons, and where n the

d fference n protrus on d stance between the h ghest protrud ng t p and the second h ghest protrud ng t p of the
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mono ayer of superabras ve partces s ess than or equa to about 50 m crons, and the d fference n protrus on
d stance between the h ghest 1% of the protrud ng t ps of the mono ayer of superabras ve part c es are w th n about
80 mcrons or_ess.

2. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrudng tp s ess than or equa to about 10 m crons.

3. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
second h ghest protrudng tp s ess than about 10 m crons.

4. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
10nh ghest protrud ngtp s ess than or equa to about 20 m crons.

5. The dresser of cam 1, where n the d fference n protrus on d stance between the h ghest protrud ng t p and the
100"h ghest protrud ng tp s ess than or equa to about 40 m crons.

6. The dresser of cam 1, where n the p ura ty of superabras ve partces ncudes a p ura ty of work ng
superabras ve part ¢ es, such that rotat ng the dresser aga nst a CMP pad cuts aspertes nto the CMP pad hav ng a
cutt ng depth of ess than or equa to about 50 m crons.

7. The dresser of c am 6, where n the cutt ng depth s from about 10 m crons to about 50 m crons.

8. The dresser of cam 6, where n the p ura ty of work ng superabras ve partces ncudes at east 100 work ng
superabras ve part c es.

9. The dresser of cam 6, where n the p ura ty of work ng superabras ve partces ncudes at east 1000 work ng
superabras ve part c es.

10. The dresser of c am 6, where n the p ura ty of work ng superabras ve part c es nc udes from about 1000 to about
6000 work ng superabras ve part c es.

11. The dresser of cam 6, where n the p ura ty of work ng superabras ve part ces nc udes from about 2000 to about
5000 work ng superabras ve part c es.

12. The dresser of cam 6, where n the p ura ty of work ng superabras ve part c es nc ude at _east about 1000
work ng superabras ve part ¢ es that protrude from the r g d support substrate to d stances w th n about 30 m crons of
one another.

13. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of from about 10 m crons to about 50 m crons.

14. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of from about 20 m crons to about 40 m crons.

15. The dresser of cam 1, where n the h ghest protrud ng t p of each of the p ura ty of superabras ve partces a gn
aong the des gnated prof e wth a t p var at on of ess than about 20 m crons.

16. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths
of ess than about 20 m crons when used to abrade a CMP pad.

17. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths
of from about 1 m cron to about 20 m crons when used to abrade a CMP pad.

18. The dresser of cam 1, where n the protrus ons of the p ura ty of superabras ve part ¢ es produce cutt ng depths
of from about 10 m crons to about 20 m crons when used to abrade a CMP pad.

19. The dresser of cam 1, where n the des gnated prof e nc udes a conf gurat on se ected from the group cons st ng
of a p ane, a s ope, a curved shape, a dome shape, and comb nat ons thereof.

20. The dresser of cam 1, where n the p ura ty of superabras ve part c es s arranged across the support substrate n
a predeterm ned pattern.

EX1060, Page 240



Case 1:20-cv-00247-RGA-JLH  Document 20-8  Filed 07/27/20 Page 31 of 31 PagelD
#: 395

Comparison between U.S. Pub. No. 2014/0120724 and U.S. Patent No. 9,724,802
(New subject matter added to the ‘802 Patent is shown in red)

21. The dresser of c am 20, where n the predeterm ned pattern nc udes an even d str but on of the p ura ty of
superabras ve part ¢ es spaced at a d stance of from about 100 m crons to about 800 m crons.
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

CHIEN-MIN SUNG
Plaintiff,
C.A. No. 14-1027-RGA

V.

KINIK COMPANY,

N N N N N N N N N

Defendant.

NOTICE OF WITHDRAWAL OF DEFENDANT’S MOTION TO DISMISS
AND STIPULATION TO EXTEND DEADLINE TO ANSWER COMPLAINT

IT ISHEREBY STIPULATED AND AGREED, subject to the approval and Order of the
Court, that Defendant Kinik Company (“Kinik™) hereby withdraws its Motion to Dismiss (D.l.
23) and will not be filing a reply brief in support thereof;

IT IS FURTHER STIPULATED AND AGREED, subject to the approval and Order of
the Court, that the deadline for Kinik to answer the Complaint in this action shall be extended

through and to include October 30, 2015.

DEVLIN LAW FIRM LLC ASHBY & GEDDES
/sl Timothy Devlin /sl Andrew C. Mayo
Timothy Devlin (#4241) Steven J. Balick (#2114)
1306 N. Broom Street, 1 Floor Tiffany Geyer Lydon (#3950)
Wilmington, DE 19806 Andrew C. Mayo (#5270)
Phone: 302-449-9010 500 Delaware Ave., 8" Floor
tdevlin@devlinlawfirm.com P.O. Box 1150

Wilmington, DE 19899
Attorney for Plaintiff Phone: 302-654-1888

sbalick@ashby-geddes.com
tlydon@ashby-geddes.com
amayo@ashby-geddes.com

Attorneys for Defendant
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SO ORDERED this day of , 2015.

United States District Court Judge
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