ABRASI VE TOOL W TH FLAT AND CONSI STENT SURFACE TOPOGRAPHY FOR

CONDI TI ONI NG A CvP PAD AND METHOD FOR MAKI NG CROSS REFERENCE TO
RELATED APPL| CATI ONS [ 0001] This application clains the benefit of

U. S. Provi %WOo410%%6ent Application Serial No. 61/226, 0P&T{SEEKOEAE
July 16, 2009, entitled "ABRASIVE TOOL WTH FLAT AND CONSI STENT
SURFACE TOPOGRAPHY FOR CONDI TI ONI NG A CVP PAD AND METHOD FOR MAKI NG',

and U.S. Pravis] _ | i | an l.al 61/23 0 filed
on August 7 ABIoSVEroBL MR Rk &AL BT L Bk e g
SURFACE TOPOGRAPHY FOR CONDI TI ONI NG A CVP. PAD AND METHOD FOR MAKI NG',
whi ch are both iFFEBHAKEANEYC AEMPdd2 ARG METHOD FR& MAKING et y .
BACKGROUND [ 0002] The present invention relates generally to abrasive
tools and nore particularly to an abrasive tool with flat and
consi stent surface topography for conditioning a chem cal - nechani cal
pol i shi ng &RE$ELREEERENEETED RELA THAAGPLKATIONY CVP) pad and net hod
for making the tool.
[0001] This application claims the bencfit of U.S. Provisional Patent
Application Serial No. 61/226,074 filed on July 16, 2009, entitled “ABRASIVE
TOOL WITH FLAT AND CONSISTENT SURFACE TOPOGRAPHY FOR
CONDITIONING A CMP PAD AND METHOD FOR MAKING”, and U.S.
Provisional Patent Application Serial No. 61/232,040 filed on August 7, 2009, cntitled
“ABRASIVE TOOL WITH FLAT AND CONSISTENT SURFACE TOPOGRAPHY
FOR CONDITIONING A CMP PAD AND METHOD FOR MAKING”, which arc

both incorporated by reference herein in their entirety.

BACKGROUND

[0002] The present invention relates generally to abrasive tools and more
particularly to an abrasive tool with flat and consistent surface topography for
conditioning a chemical-mechanical polishing or chemical-mechanical planarization
(CMP) pad and method for making the tool.

[0003] CMP processes are carried out to produce flat (planar) surfaces on a
variety of materials including semiconductor wafers, glasses, hard disc substrates,
sapphire wafers and windows, plastics and so forth. Typically, CMP processes
involve using a polymeric pad (CMP pad) and a slurry that contains loose abrasive

particles and other chemical additives to remove material to reach designed



[ 0003] CVP processes are carried out to produce flat (planar) surfaces
on a variety of materials including sem conductor wafers, glasses,
hard di sc substrates, sapphire wafers and w ndows, plastics and so
forth. Typl@AMY0%H6P processes invol ve using a pol ymer PETHR01p@HHR07
pad) and a slurry that contains | oose abrasive particles and ot her
chem cal additives to renove material to reach designed dinension,
geonetry, and surface characteristics (e.g., plaparity, surfac

r oughness) W58 SEEse N éhﬁa‘i‘?ﬁcéﬁ‘&ﬁéﬁﬁﬁ’sa(%i»@ ari 06‘6%10&5?? es)
typi cal CVP process, the CVP pad becones glazed with polishing

resi due. THYdoHeDsE Y ardmeghypicyastions. a CMP conditioner (al so
referred to as a CVP dresser) to condition or dress the CW pad in
order to ellf¢Rdhat e t Rarigg aztynipabOYR puicasse theECMA pad bagpmedseglaged zivitty
and residue allows the CVWP pad to deliver stable polishing

per f or manc eoliflifEhi@eneT his Ingcessitatdyifthcc e dif tal CVIB rconditibradd al scate€alred o as
using a netal bond to fix abrasive particles to a preformto create

an abrasi ve ¢oR! drtdst 1@ covitider &bdsftAe EMINpad Gadtd6oRIfifRe G IRASS .
The fl atness and topography of the working surface can dictate how

wel | a CVPeeRdidyk0 Eﬁfnirﬁ%@iﬁg il P EVRiAR D0 frs HMT IO REA td QDSE é’f‘éb}l}@ a

wor ki ng surface that 1s nof flat and inconsistent 1n its topograp

will cut arbgﬁ ei%a%%e CWP pad. This type of topography

eventual |y cts ility of the CWP pad to provide consistent

and, nt 1o AR SN "BUEADS, LR A BhCEsRyi A ! B Lo e,

2hicgts fa g?/ ¥ % a%,%%ggwgﬁgﬁ’o“ al chgnfnetgtcréa?cear}/ Lﬁ'lasqvc? Iooll {]Ntitﬁgar V%E)ﬁ(?ngcsl‘urr .agflz t
that can condition CMP pads. The flatness and topography of the working surface
can dictate how well a CMP conditioner conditions a CMP pad. A CMP conditioner
with a working surfacc that is not flat and inconsistent in its topography will cut
and/or damage the CMP pad. This type of topography eventually affects the ability of
the CMP pad to provide consistent and uniform polishing during the CMP process.
Additionally, in applications where a CMP pad is used to polish semiconductor

wafers, a cut and/or damaged pad will affect the yield of integrated circuit chips

formed from a wafer.

SUMMARY

[0006] In one embodiment, there is an abrasive tool comprising: abrasive grains
coupled to a low cocfficient of thermal expansion (CTE) substrate through a mctal
bond, wherein there is an overall CTE mismatch that ranges from about 0.1 pm/m-°C

to about 5.0 pm/m-°C, wherein the overall CTE mismatch is the difference between



SUMVARY [ 0006] I n one enbodi nent, there is an abrasive tool

conprising: abrasive grains coupled to a | ow coefficient of thermnal
expansi on %CTEi substrate through a netal bond, wherein there is an
overal | HWPUA that ranges from about 0.1 1.tn m ECEFSAPEN22E. o
m/ m C, wherein the overall CTE mismatch is the difference between
the CTE mi smatch of the abrasive grains and the netal bond and the

CTE m smat ch t he E substrat.e and.t he t al a
Secont ootk CLEiSmneR ot e dhrierdatinn Fhd B Arcit BaAt 2By 0e GBS paghetch

conpri si ng: I‘OVI ding a | ow coefficient of thermal expansion (CTE)
substrate &% kﬁlﬁwgﬁm‘m&?ﬁ%ﬁ%ﬁtﬁ@ﬂ@f%ﬁ?@ bond to the | ow CU
substrate; applying abrasive grains to the netal bond to form an
as-made abrasive tool, wherein there is an overall CTE m smatch that

ranges frof®¥but Ipapecppdngrabadimeriotherssisge methed@f fprreingi an atesivyiophl |
CU m smatch is the difference between the CTE m smatch of the
abr asi ve grainpssiagidprovidinget &lw bosffciamtcoft thern@T Expansioat(CA Ed fsubshratel v
CTE substrate and the netal bond, drying the as-made abrasive tool in
an oven; ampekfbint;iapplyinges @stahbate talbecls METE @lstrate; @ppliihaessied grains to
predeterm ned firing tenperature to formthe abrasi ve tool .
the metal bond to form an as-made abrasive tool, wherein there is an overall CTE
mismatch that ranges from about 0.1 pm/m-°C to about 5.0 um/m-°C, wherein the
overall CTE mismatch is the difference between the CTE mismatch of the abrasive
grains and the metal bond and the CTE mismatch of the low CTE substrate and the
metal bond; drying the as-made abrasive tool in an oven; and firing the as-made

abrasive tool in a furnace at a predetermined firing temperature to form the abrasive

tool.

[0008] In a third embodiment, there is a method of conditioning a chemical-
mechanical polishing (CMP) pad that comprises: contacting a working surface of the
CMP pad with an abrasive tool, wherein the abrasive tool comprises abrasive grains
coupled to a low coefficient of thermal expansion {(CTE) substrate through a metal
bond, wherein there is an overall CTE mismatch that ranges from about 0.1 pm/m-°C
to about 5.0 pm/m-°C, wherein the overall CTE mismatch is the difference between
the CTE mismatch of the abrasive grains and the metal bond and the CTE mismatch

of the low CTE substrate and the metal bond.



[0008]In a third enbodinent, there is a nethod of conditioning a
chem cal - nechani cal polishing (CWP) pad that conprises: contacting a
wor ki ng surface of the CVP pad with an abrasive tool, wherein the
abrasi ve t %9 2tYMBMCses abrasive grains coupled to a | oRCEIBERYPRIRH
of thermal expansion (CTE) substrate through a netal bond, wherein
there is an overall CTE m smatch that ranges fromabout 0.1 unimCto

about S'Oi%‘f’ [?%%dﬂ? he tg@ E msmatch is the difference
bet ween t h@{' E} [crﬁd)]gfdﬁ?ﬁéggﬁ{ itVE grai ns and the netal bond
and the crE mismatch of the | ow CTE substrate and the netal bond.
BRI EF DESCRPEPI ONFER Irissapiasgents foven]jqnpzbrasivyestogh hiviag e nep-fiat and
conventional abrasive tool having a non-flat and inconsistent surface
t opogr aphy;inopgigeitrudacetopagranhyi mage of an abrasive tool according to
one enbodi nent of the present invention;
[0010]  FIG. 2 is an image of an abrasive tool according to one embodiment of the
present invention;
[0011]  FIG. 3 is a scanning electron microscope image showing the microstructure
of the bonding of abrasive grains with a low coefficient of thermal expansion (CTE)
substrate according to one cmbodiment of the present invention;
[0012] FIG. 4 is a scanning electron microscope image showing a more detailed
microstructure view of an abrasive grain shown in FIG. 3.
[0013] FIG. 5 is an image of an abrasive tool made from a low CTE substrate
having a flat and consistent surfacc topography;
[0014] FIG. 6 is an imagc of an abrasive tool made from a stainless stecl substrate
having a non-flat and inconsistent surface topography;
[0015] FIG. 7 is an image comparing the working surface of the abrasive tool
having a low CTE substrate to the working surface of the abrasive tool having a
stainless steel substrate as a similar load is applied to each surface;
[0016] FIGS. 8A-8B are plots illustrating wafer uniformity for wafers polished by
a chemical-mechanical polishing (CMP) machine conditioned by an abrasive tool
formed according to onc embodiment of the present invention,

[0017]  FIG.9 is a plot illustrating the repeatability of the wafer uniformity results

shown in FIGS. 8A-8B; and



[0011]FIG 3 is a scanning el ech-on mcroscope i mage showi ng the
m crostructure of the bonding of abrasive grains with a | ow
coefficient of thernmal expansion (CTE) substrate accordi ng to one

enbodi nent WH 20K Mbesent invention; [0012]FIG 4 is a SEARISRHE42267

el ectron m croscope i nage showing a nore detailed mcrostructure view
of an abrasive grain shown in FIG 3. [0013] FIG 5 is an inmage of an

abrasive t de oma_]Jow CIE sybstrate having a flat and
consi st ent C@MZC & l%%‘pgiﬁ'_él re Tletﬁ'llﬁ]'ﬁa@‘g 8vafes remoYahaye 2pd reRoval rate
abrasive tool made froma stainless steel substrate having a non-fl at
and i nconsitatgsrtabdily favelens pelighad hy @ D 1epFpecodifoned hy ppabesive tool
conparing the working surface of the abrasive tool

formed according to one embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0019] Embodiments of the present invention described herein relate to an
abrasive tool such as a chemical-mechanical polishing or chemical-mechanical
planarization (CMP) conditioner or dresser that is used to condition or dress a CMP
pad to eliminate glazing and residue from the pad, so that the pad can deliver stable
polishing performance during a CMP process. It has been determined herein that
conventional CMP conditioners fabricated with a stainless steel substrate with a metal
alloy layered (c.g., brazing materials and metal powder bond materials) on the
substrate and abrasive grains layered on the metal alloy are susceptible to having a
working surface that is non-flat and inconsistent in its topography. As mentioned
above, this affects the ability of a CMP pad to provide consistent and uniform
polishing during a CMP process.

[0020] The non-flat and inconsistent surface topography for CMP conditioners
fabricated from a stainless steel substrate preform with a metal alloy and abrasive
grains arises in the firing process of producing the conditioners. In particular, the
stainless steel substrate preform with metal alloy and abrasive grains are placed in a
vacuum furnace heated at a predetermined temperature, which causes the metal alloy
to expand and react with the stainless steel substrate and abrasive grains and form a
metal bond between cach interface (i.c., the interface of the abrasive grains and metal

alloy and the interface of the stainless steel substrate and metal alloy). Once the
| 5



having a | ow CTE substrate to the working surface of the abrasive
tool having a stainless steel substrate as a simlar load is applied
to each surface 1/\%‘%0016] FIGS. 8A-8B are plots illustrating wafer

uni f or mi t yYWORNYMPYES pol i shed by a cheni cal - mechani cal PgB’IUﬁ%‘HP"P@W’
(CWP) machine conditioned by an abrasive tool forned according to one
enbodi nent of the present invention; [0017]FIG 9 is a plot
illustrating the repeatabiljty of the wafer uniformty results shown

in FIGS. simmratyifooliothep1h9 itpintes seetmubsite onrs ead ﬂpé@h@rwm@m

10A-10B are plots illustrating wafer renoval rate and renoval rate
begin to shrink and solidify. Because the stainless steel substrate has a higher

coefficient of thermal expansion (CTE) than the CTE of the composite layer formed
from the metal alloy and abrasive grains, the expanding and shrinking of the stainless
steel substrate and the composite layer of the metal alloy and abrasive grains will
happen at a different rate. In particular, the stainless steel substrate will expand and
shrink at a faster rate than the composite layer formed from the metal alloy and
abrasive grains because of the mismatch in CTEs. This mismatch in CTEs causcs a
thermal deformation in that there is a compression that occurs between the stainless
steel substrate and the composite layer formed of the metal alloy and abrasive grains.
This results in the composite layer having a convex surface topography (i.c., the
center is higher than the cdges) duc to the faster shrinking rate of the stainless steel
substratc with respect to the slower shrinking rate of the composite layer as the
temperature in the furnace cools down to room temperature. A CMP conditioner that
has a convex surface topography will wear quickly at the center because it is
performing the majority of the conditioning at this location as opposed to the edges
which are lower. A CMP conditioner with a surface topography that is non-flat and
inconsistent because of the convex shape will condition a CMP pad in a non-uniform
manner. Consequently, any polishing functions performed by the CMP pad will be
tnconsistent resulting in quality (e.g., defectivity) and yield issues.

[0021] Attempts have been made to correct the convex surface topography
that arises from thermal deformation in the firing process of the CMP conditioners by
using a mechanical pressing process. In particular, a load {(c.g., up to 10,000 Ibs) is

applied to the working surface (i.¢., abrasive grains) to push the convex part from near
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range stability for wafers polished by a CVP nachi ne conditioned by
an abrasive tool formed according to one enbodi nent of the present

i nvention. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0019] Enbodi nent s
of the pre¥Sh11/M9M4ti on described herein relate to an Z6FASEUL4236]
such as a chem cal - mechani cal polishing or chem cal - mechani cal

pl anari zation (CWP) conditioner or dresser that is used to condition

or dress a CVMP pad to elipginate glazin nd residue fromthe pad, so
that the pdkf E%fﬁerd 'CE\}%F“ g{‘taf’gia%e'p&qwﬁgrné‘epwgﬁ%ﬁ%m&m@%i BreENes
process. It has been determ ned herein that conventional CWP

condi t i oneMEEERPEideed now-thfamsiosiefingye 2bpaEe Swinssmd 45 @ rafultts anshie al
alloy layered (e.g., brazing materials and netal powder bond

mat eri al s) toeatisfastosilibenrreat the amthcabopagiapby of the AMP eyrditediesn t he net al
all oy are susceptible to having a working surface that is non-flat
and inconsifgt2at in FIG. fopogr dapbye 18sSofmenddneaeidnalbabmasivé hod akf @as s
the ability of a CWP pad to provide consistent and uniform polishing
during a CMRIQESEaES mcbRAZA] ﬁb@iﬂfgqﬂoc_feb@mm\dnmﬁ@bﬁ-_to@@&haw fnam@gc

t opography for CMP conditioners fabricated froma stainl ess steel

substrate poefe %ﬁ?fwe%bo%r@ﬁwé urRlbPih AR AP AR W@wg{] HnSdeRSrhB68n Etﬂhe

the firing process of ‘producing the conditioners. particular, t

t ai nl ' tal d i
ar i ns. ar o Arane AVt AR LErBhEh R MeURa IR Besdle BaAT SREHAR sl oV
t t ich th tal, all t d react wth
the st ai i couttloth SEREYr - TR Pheriud, SFRE SosrobiF & rbrat

bond between each interface (i.e., the interface of the abrasive
grai ns and UREYEPING |4 GiPoldea MECsSiRE diPeied bfcehExissatonpre¥@tdhe dhicrmal
substrate and netal alloy). Once the tenperature cools, then the
stai nl ess $e@anatiqisen geiripginghe Bongiprasess abChE eaaddioasms begin to
shrink and solidify. Because the stainless steel substrate has a

hi gher coefficient of thermal expansion (CTE) than the CTE of the
conposi te 88281 f &r hed beew rdctaingdt bereial thety theydhemahsdofamgtian men bhe
expandi ng and shrinking of the stainless steel substrate and the
conposi t e Inayerizaf byt engreswistrak oy hand CABrthg invare gloatlp snanhies theaPiieaf at
a different rate. In particular, the stainless steel substrate wll
expand and tishilritveagramnsf datparticuRt, 6t ishopdsbe t€ 059 Shliseatke ali@cofpris®th
fromthe netal alloy and abrasive grains because of the m smatch in

CTEs. Thi s 4 €78 Gbtelifl thdtfeoseBUSREhA thETHRIF tHefiRhdiRd Hafs] MThi F@é of a

there is a conpression that occurs between the stainless stee

substrate gy dﬁhenﬁf%{{?%@f tﬂf‘e Lid¥elte E%E‘E@Q m%fcf‘r@%ri&%@ﬂcﬁaéahé%}{ b?’l@in a
abrasive grains. This results In the conposite [ayer having a convex
surface to h [ cent i g..hi t han t he edge to
the fast er IRt st Ay B, Bler ARl o B0 b, FURTRY EVEe
respect to the.slower.shrinking rate of the.conposite |ayer as the
{enper at ur EOMEIEHE TRy RCR O B i o oD AP L PGPSR 4 RO
conditioner that has a convex surface topography will wear quickly at
t he center cause it js perform t he maj or i of .the conditi oni ng
at this | o&‘gq%ﬁZn ggd'c?p‘ﬁd‘gé@ag%ﬁénﬂgg‘bﬂﬁ%%" Pk# %ﬁ“@rdi“kﬁ/@r".ne AnbRiiment
conditioner with a surface topography that is non-flat and )
i nconsi st eRf theeRrgspsb ipfentioe  EbAe smbedipeninablasize fefl t350rmprispabpsave i n
a non-uni form manner. Consequently, any polishing functions perfornmed
by the CVPgpark eaupledhie 4 oolSiks substrate dbrohigh agnétal berel, ivthgrefre thgrg is an
defectivity) and yield issues.

overall CTE mismatch that ranges from about 0.] um/m-°C to about 5.0 pm/m-°C,

wherein the overall CTE mismatch is the difference between the CTE mismatch of the
abrasive grains and the metal bond and the CTE mismatch of the low CTE substrate
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[ 0021] Attenpts have been made to correct the convex surface

t opography that arises fromthermal deformation in the firing process
of the CWP conditioners by using a nechanical pressing process. In
particul ar WO E¥W4M6e g. "up to 10,000 I bs) is applied PETHUSRINBIRE g
surface (i.e., abrasive grains) to push the convex part fromnear 6
the center back to a flat shape. However, the |load fromthe
mechani cal pressin rocess provides non-uni formforce on the
abr asi ve graﬁsiﬁ'gﬂ%eﬁ%* Bond, “A3 4t hireinep B temignateh o dbe bghits Qlf@&nﬁ%et

t he surface_t opography of the CIMP conditioners. [0022] FIG 1 is an
i mge 10 ofCTE b&WorhtTotyaps elomalsiisle Theslomeniat the feesem devegbem thpreverall
mechani cal pressing process. As shown by the various shades in imge
10, the sudTdwismepabgs definedias: uneven and non-uni f or m because sone
deformation still remains even after perform ng the nmechanica
pressi ng process. Because the CVWP conditioners still have non-fl at

and i nconsicgirit sVET ag8mELRROGE aPpbTES eveaTa;e}a,g,[dLJ\jmr ol NgTR

abrasives ate mfralba[zd

mechani cal pressing process, a néed éxists to prevent the theffa
deformation fromoccurring in the firing process of CMP conditioners.

>

wherein

|CTEU,M,.M —-CT. Ememibm,d| is the CTE mismatch of the abrasive grains and the metal
bond; and

]CTE,,M,W —CTE apone| 18 the CTE mismatch of the low CTE substrate and the metal
bond.

[0025]  Abrasive grains refer to any grains which can provide abrading, cutting,
polishing, grinding or other material removal properties to a tool. A non-exhaustive
list of abrasive grains that may be used in embodiments of this invention include
oxides, borides, carbides, nitrides, diamond particles, cBN and combinations thereof.
In a preferred embodiment, the abrasive grains may be selected from the group
consisting of single diamond particles, poly-crystalline diamond particles, alumina,

SiiNy, zirconia, cBN, SiC and combinations thereof,

[0026]  As used herein, a low CTE substrate is any material that has a CTE that
ranges from about 0.1 um/m-°C to about 10.0 um/m-°C. A non-exhaustive list of low
CTE substrate materials that may be used in embodiments of this invention include

Invar, Super Invar and Kovar. In a preferred embodiment, the low CTE substrate



[0023] It has been determ ned herein that the thermal deformation can
be mnimzed by using a substrate that has a CTE that nore closely
mat ches the CTE of the abrasive grains. In particular, it is proposed
to use a sHFHIH0RMEhat conprises a | ow CTE material thZETEISFERP42267
mat ches the CTE of the abrasive grains. The use of a | ow CTE nateri al
for the substrate obviates the CU m smatches caused by using a

stai nl ess steel substrate that has been determ ned herein as a cause
for CMP comeftdriadmerecctiahireny the sopRicAps Singrofdavar g Syret Ay dlinger 24ra)
inconsi stent in topography. [0024] FIG 2 is an inmage 20 of an
abrasi ve t@pd K@sara@@d@emgmguw terieofenbodi ment of the present

i nvention. In one enbodi nent, abrasive tool 25 conprises abrasive
grains coupled to a | ow CTE substrate through a netal bond, wherein
there is an0@7¢r alThe @n@sing grigtscie chmiedrtarbeow €dsulironate roatdrigd thmongtC
to about 5.0 grn/mC, wherein the overall CTE m smatch is the

di f f er ence tixeinnmb bortdn elnChibordirserad chthefpréshig iatmashn, weatgriaivesd anfdrrh ke
metal bond and the CTE m smatch of the | ow CTE substrate and the

nmetal bondmehd besek fedctidnfrom tieT, gr_om? gomistifg io$ biBRgahaehidl, endilffordence
in CTE between two types of material. Therefore, in the present

i nvention, phA® &R hnEEmBInaiisCiheiet def IRGdxRfistifd BEELE e%les of
M smatch = || CTEaras - CTEnet anp"dl -1 GTE substrate CTE, , "amandll,

wherein | qgéﬁ{ﬁﬁﬁgﬁ&l?i&ﬂ%e BNE IMeRAALCENLS, lEn8. a8 Y. AALE AP gt
the nmetal bond;” an
examples of metal powder bond materials include nickel-based and iron-based
brazing powder (brazing filler metal). Those skilled in the art will recognize that the
selection of materials and the dimensions of the material (e.g., thickness, particle size,
etc.) depends on the specifications that one desires to have with a CMP conditioner.
Approaches that can be employed to form the metal bond between the abrasive grains

and the low CTE substrate material include but are not limited to brazing and

sintering.

[0028] Those skilled in the art will recognize that prior to bonding the abrasive
grains to the low CTE substrate, the grains can be arranged with respect to the metal
bonding material and low CTE substrate to form one or more patterns that can be used
to form a desired surface topography that aids in conditioning or dressing CMP pads.
In embodiments of the invention, each of these patterns can have objects that define a
border and accordingly a shape of the pattemn. In some embodiments, the shape of the
patterns is adjusted to be similar to the shape of the low CTE substrate material (e.g.,
if the low CTE substratc material has a circular side, then the pattern can have a
circular shape). Examples of patterns that can be utilized include a face centered

9



| CTEs"b",","CTEis the CTE m smatch of the | ow CTE substrate and the
nmetal metatb4"41 bond. [0025] Abrasive grains refer to any grains

whi ch can provi de abradi ng, cutting, polishing, grindin% or ot her
material r 410980 4perties to a tool. A non-exhausti ve PETEIS2¢f/042267
abrasive grains that may be used in enbodiments of this invention

I ncl ude oxi des, borides, carbides, nitrides, dianond particles, cBN
and conbi natjons thereaqf. In a preferred enbodj nent, the abrasive

grains nmay YBICPRHER: BEUHT BRHcth@ NGreAopalasHEs f FRRININE DRy PSP AR
particles, poly-crystalline dianond particles, alumna, Si3N4,
zirconi a, céBRndo Eatisn, BgrasrIbaations ok Hieh @atterny. obipsidiipny segiohmpr #ib- a
| ow CTE substrate is any material that has a CTE that ranges from
about 0.1 guftemCandombounotOatdognpatteds thanba carbiaetto foen Imised péttckow
CTE substrate materials that nay be used in enbodinents of this
i nvention iRmHoeleabrasive grain patterns (e.g., where grains are randomly distributed on the
substrate) can be used as well. Besides using patterns that have been placed in either
a random distribution or patterned distribution, a sclf-avoiding random distribution
(SARD™) developed by Saint-Gobain Abrasives, Inc. can be used so that there is no

repeat pattern, and also no abrasive grain-free zones.

[0029]  n order to have the abrasive tool attain a CTE mismatch between the metal
bond and the low CTE substrate and the abrasive grains and the metal bond that
ranges from about 0.1 um/m-°C to about 5.0 um/m-°C, it is desirable to have the
abrasive grains, low CTE substrate and the metal bond material have a CTE that make
this range possible. In an embodiment of the present invention, the abrasive grains
have a CTE that can range from about 1.0 um/m-°C to about 8.0 um/m-°C, the metal
bond has a CTE that can range from about 5.0 um/m-°C to about 20.0 um/m-°C, and
the low CTE substrate has a CTE that can range from about 1.0 pm/m-°C to about
10.0 pm/m-°C. Note that in these embodiments the CTE values were measured below

300°C.

[0030]  With respect to the abrasive grains, the low CTE substrate in various
embodiments differs by no more than about 100% of the CTE of the abrasive grains.
In other embodiments, the low CTE substrate differs by no more than about 50% of
the CTE of the abrasive grains. In a preferred embodiment, the low CTE substrate
differs by no more than about 20% of the CTE of the abrasive grains.
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I nvar, Super Invar and Kovar. In a preferred enbodi nent, the | ow CTE
substrate material is selected fromthe group consisting of |nvar
36, Super Invar (Invar 32-5) and Kovar and conbi nati ons thereof
[0027] TheWAAELI0¥6gr ai ns are coupled to the | ow CTE sHEEUSY042267
materi al through the netal bond. In enbodi nents of the present
invention, material used to formthe netal bond is selected fromthe
group consi sting of brazing materials, netal powder bond materials
and conbi nd?iidhs thssEbet fﬂ\fﬁ*@ﬁnéiefﬁawgttw}éhwg@é agpwxbpibeate fhap mess ng
materials include BNi-1, BNi-la, BNi-2, and BNi -6. A non-exhaustive
list of exatpstlesnasehentheFTIHole ebissire ersinsds that & surfred tapestaplexibrt isdlatd
and iron-based brazing powder (brazing filler metal). Those skilled
in the art awd lcbnsigengan be atthintd.t Adisseinettdsan iohroved €GNIBIconditiondrhend
di rensions of thc material (e.g., thickness, particle size, etc.)
dcpcnds onitp@ved@eifbintatd ittt HAMP PercES | A€ Bsddohdiv esunfatd topofvphy
condi ti oner. Approaches that can be enployed to formthe netal bond

bet ween t hq.ahiaRitNe p&ikabRalIIANHathE] doWtilr BF Slslip abBdilBAR tbPRlvorking
i ncl ude but are not FI mted to brazing and sinteri ng [ 0028] Those

arains to e Fou OB “m%%?‘?‘%?“éﬁg%%@ﬁ%%ﬁéﬂ . c%ﬁd‘ Pt et
one’or mor S R e R e

t opography that. aids i.n co d| t| on| ng, or. dres ads

bnbodi mant SbUTeRcer T | dh. couain COPSTRERE. et M MR AT SYERE s
t hat defi ne a border and accor di ngl sha e of the pattern. In sone
embodi ment Frofflp@cieh e uspd hepn mrpﬂér@o PﬁsPﬁédquédﬁé R the
the shape of the | ow CTE substrate material (e.g., if the |ow CTE
substrat e marking ahrfeegstoamesisure oy flatness, andvesdyindis ﬂiabu@rermlwdﬁnmauéhca
circul ar shape). Exanples of patterns that can be utilized include a
face cent esed sizubed fgraht sran,regior was eb@at7Ddr jun ia theXagonald gbatt 20} a
rhombi c pattern, a spiral pattern, a random pattern, and conbi nati ons
of such patuhefnnc X-axigdelhht@paraditterOsuchE feskb Ay Rithss dodatiuneofalic
nore random patterns may be conmbined to form m xed patterns. Random

abr asi ve g@a{iﬁfbcp?i T41R), Neak QO%fch&@rﬁtiWs§'&$ldﬁ£@ (FENSO e téredlis tié 1AUELd
on the substrate) can be used as well. Besides using patterns that

i st ri but | RRess doflo®d Eﬁd“ﬁg‘{“?!l% ”‘“%&?ts{ LR CARLER OEdo e g
by Saint - G%Ql%uldtcﬁ‘b 8@0%’?1[1%%0 6hc 0 ? | s?anﬁ%r% qnt t(PlCtb ?}g oF h%ur?accﬁevc?cd by

repeat pattern, aprasive grain ree Z0nes

the least square method. These values were then low-pass filtered with a user-
selected cut-off value to calculate for the full scanned area. In addition, waviness
parameters such as arithmetic mean deviation of the assessed profile, root-mean-
square (RMS) deviation of the assessed profile, total height of the profile on the
evaluation length, maximum profile peak height within a sampling length, maximum
profile valley depth within a sampling length and maximum height of the profile
within a sampling length were calculated. The values for these parameters were

calculated using the 1SO 4287 standard which dcfines waviness parameters on a
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[0029] I n order to have the abrasive tool attain a CTE m snatch
between the nmetal bond and the | ow CTE substrate and the abrasive
grains and the netal bond that ranges fromabout 0.1 gmmC to about
5.0 gm m CYQI/%esi rabl e to have the abrasive grai ns POIGRAPGHRA2267
substrate and the netal bond material have a CTE that neke this range
possi ble. In an enbodi mrent of the present invention, the abrasive
grai ns have a CTE t hat n fro bout. 1.0, gmMmC to about, 8.0
o G, et lepghcri e SREHBS det e Al aeras n B been
to about 20.0 gmimC, and the | ow CTE substrate has a CTE that can
range fromsaBBiRe engthyni m C to about 10.0 g mC. Note that in these
enbodi nents the CTE val ues were neasured bel ow 300C. [0030]Wth
respect to the abrasive grains, the |ow CTE substrate in various
enbodi ment 40@#2 f edw cerjpimembestimcnthamingtibeMian ddsashret e Sefeee droftpaeter
abrasive grains. In other enbodi nents, the | ow CTE substrate differs
by no nor e it HembabodescED8b mhnnehet @FBeaf detéreniodol lmsdin ¢hag) p £IMB codditicuer
preferred enbodi nent, the | ow CTE substrate differs by no nore than
about 20% dbrniddefrdal Fhofibridies bl 26 hyvea guirdicBSopogkbhy flatness of no more than
2011/ 009046PCT/ US2010/ 042267 [0031] A result of having an abrasive

tool that useg B0l QW G 5iheHBRbIAMENE RAE siFRICE té‘do@ﬁlﬁhy ﬂﬁﬁl’éﬁﬂﬁ%}g ba6f hJ E
p

of the abrasive grains is that a surface topography that is flat and

consi stent canybe BbLAoREIn. TY SrefPel %ﬁg?;ﬁﬁqgehg tlg%f-ﬁg%’eg%g%%hxsﬂa&egsd

conditioners and inproved perfornmance

herein, sur t e is the peak-to-valley flatness
devi ati on 6@3&&%8%@@% H)l?tggélr%t op wor ki ng surface. A measurenent
of surface topography is obtained by using a profilonmeter such as a

M Me D Profi | t th . pte |Lght, . .
chr omat o J887 at Po ocr gt PRREL AR thecRERurit <o i
by aboutoPHnSg APLaN B TRt G TATFRCE o6 el ST ERteral

fl at ness and wavi ness. In such enbodinents, the step size used for
the scan r éyisA anaredpraut Azgreoohmeiahbandds soplied 4o Hisdowdih subsitrtoanshs i n
the X-axis. Flatness paraneters such as peak to valley flatness

devi at i on dfyet loé abuasive gerifsFuTtappliqretakthe oetad fhoné e dorfr an aegwdelelriasivé on
(FLTp), reference to valley flatness deviation (FLTv) and root nean
squar e f| attovds §hel es-matie abragiFd g) iswkeredrizdlic uh aved kacoe rdibndinteat, tdheing SO
12781 standard on the basis of a surface |eveled by the |east square
met hod. Theseayvmbie sbrasive tdoh & tHeOyveRanSudds lheth@thing b abragbRrosiahass ed
cut-off value to calculate for the full scanned area. In addition,

Wavi ness pRKEITBL £lctnpRtitlle 3F 2Bt LBORL! for BRAP 8dRULALA R BYing NRe asfRgsed
profile, root-neansquare (RVS) deviation of the assessed profile,

total hei gg{)raglf\fﬁ.tt(n)? idoﬁx%ﬁii+ EvQ@uHﬁrzﬁ%@hﬁé@ﬂe&’&e&rﬁ Itgagkiggﬁngg;m LH%.OEA le

peak height wthin a sanpling |engt BX1 mum pro _ ~dept
sanpl i ng T SRBEHCRPEIRL Brar T 08 atethe WRnBh e Gl aPtnd.
gglr glrjr:a? Eareg t%ﬁ[ljeg ulteho abguot 1%%8 zC (t)ra a%%%tr ﬁgO r\?l@tiu%eg, »C\if érie rzlngtgrwvz\il? si ip Fs;sc%nsidered
that the abrasive tool has been formed. Those skilled in the art will recognize that the
soaking temperature and time can vary and that other values may be chosen.
[0034] In other embodiments, after the abrasive tool has been formed, a coating
can be applied to a working surface. As used herein, a working surface is a surface of

an abrasive tool such as a CMP conditioner that during operation faces toward or
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sanpling length and the |1 SO 4288 standard whi ch provi des averages on
all available sanpling |l engths. [0032]1n certain enbodi ments, using
the Mcro Measure 3D Surface Profilonmeter in the above-descri bed

manner, it MWK det er mi ned herein that a CVP condi t iPSRES2418/PHREY

fromthe abrasive tool 20 has a surface topography fl atness of no
nore than about 150 pm In other enbodinents, the surface topography

flatness may be of no nopre than about, 100 p. In a preferred .
enbodi nent © ’E‘“ﬁ%”’s%ﬂ“ﬁ%é’“ﬁl&pégﬁ’ rfqﬂéﬁfﬁé@spﬂébmgé%f hhsnwgoqlwa%
about 70 p,m [0033] A CWP conditioner formed fromthe abrasive tool
descri bed R eqaing & eomtosiondesistents e pErgnhssondneay be pelegied from the
enbodi nent, a | ow CTE substrate material is used as a preform A

| ayer of m@ralp bondting ofpplfluedne-dopdde ndrovorafi®dGits wtsstingtaed an diydropbobes
of abrasive grains are applied to the netal bond to form an as-nade
abr asi ve t polymefiecoatingnde abradbvseive diling Sthdrmptiobiecdbdlymeit ovings | n
one enbodi nent, drying the as-nade abrasive tool in the oven includes

Mai nt ai ni NGndlitRs ALEHiaYR E@Aent "PoPEcRY EFEBL pard@BPendiie Mioratbast
260 C for about 8 hours. A??ir dry?ﬁg, gﬂé ag-%%de abrasive tool is

fired in ayagem fHAACE;AL ainp'itﬁ:d%'lervﬁrdn?%ogﬁ%i gt {REPRIGH L Eped N

one enbodi nent,” the as-nade abrasive too Ired 1n a vacuum

it os, - wASESRPPAR, S BRE L HForBn BOhnoY Kb h SR B s o

Comper at ur S4RAE: S an ot e RIS EF AN Hay: BETER ST

R L T

wor ki ng surface is a surface of an abrasive tool such as a CW

condi t i oneroRrdlencayrq pgvisied ineommonkcissigneESd Peyvisional Patent Application
Serial No. 61/183284, entitled Corrosion-Resistant CMP Conditioning Tools And
Methods For Making And Using Same, filed on Junc 2, 2009, which is incorporated
by reference in its entirety. Additional information on diamond-like nanocomposite
coatings are described, for example, in US. Patent No. 5,352,493, Method for
Forming Diamond-Like Nanocomposite or Doped-Diamond-Like Nanocomposite
Films, issucd on October 4, 1994 to Dorfman et al., the tcachings of which are
incorporated herein by reference, in their entirety. Such coatings typically are
amorphous materials characterized by interpenetrating random networks of
predominantly sp3 bonded carbon stabilized by hydrogen, glass-like silicon stabilized
by oxygen and random networks of clements from the 1-7b and 8 groups of the
periodic table. Layered structures such as described, for instance, in U.S. Patent

Application Serial No. 2008/0193649 A1, Coating Comprising Layered Structures of

Diamond-Like Carbon Layers, to Jacquet et al., published on August 14, 2008, the
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comes in contact with a CVWP pad or other such polishing pad. In one
enbodi nent, the coating is corrosion-resistant. In particular, the
coating may be selected fromthe group consisting of a fluorine-doped
nanoconposMO2BYP4g and a hydrophobi c pol yneric coat i RGT/UR2016/042267
non- exhaustive |isting of hydrophobic polyneric coatings includes

Fl uori nat ed Et hyl ene Propyl ene (FEP), paryl ene, and ot her
fluororesion coati ,.Those skilled i.n the art will recognize that
the fluori ﬁ%ﬁﬁﬁlag%ap %ﬁ%&wwwt%&mey a?fafeﬁsﬁdwotbﬁéswef%oﬁlmw e
coating can conprise one or nore additional dopants. In another

enbodi ment empiyedoat i ng may be hydrophobic or hydrophilic. Details on
aspects of applying a coating to a working surface of a CWP

condi ti onef0&5¢ pF&uS.deandrt sovweednpingsaéagoe dnldr@eorer nwigs$ omavin@dbent
Application Serial No. 61/183284, entitled Corrosion-Resistant CWP
Condi t i oni mgcrbewhcurdrnd thEbdalite: dfatbrdvhiei grainf\Rdth s iongC PR mMeatedal Iselhtiate.
June 2, 2009, which is incorporated by reference in its entirety

Addi ti onal mhfaeididr] @t SanflindNBEdEohi HRrBRENE AARES B) GICPRY. | NGRows Ghe
descri bed, for exanple, in U'S. Patent No. 5, 352,493, Method for

Form ng Di %ﬁ?ﬂ&@'t?xlkdttlﬁ@ J¥ARO LORAMAS o %b%ivp%‘?ﬁﬂs' @'zaffm{?%;l))lah&% to a low CTE

Nanoconposite Filns, 1ssued on COctober 1994 to rfman et al., the

teachi NS Qiahl.chs ALeid AROLARKAL SGDSE Shi o SLELENGEer b RShEws

entirety. Such coat’i ngs are a

h teri by, | gt trati d t f .omi tl.
p3 bonaed arbanted FuPE P e Ry PBRER Dot SRt BpRigiyy resite
tabilized by d d t ks of, el ts f t 1-7
2nd B or oL RS NG (5P Al SRBIG 341 43 BPOmes e seicaLiandiy of i

descri bed, for instance, in U 'S. Patent Application Serial No.
2008/ 0193648bragive gz 35y foskp i Rlrsegvithiherled Gl subsiigte 34 gnd it is unlikely

D anond- Li ke Carbon Layers, to Jacquet et al., published on August
14, 2008, e thatgaohivigbe dfpladsidch are i ncorporated herein by
reference in their entirety, also can be enployed. [0035]FIGS. 3 and
4 show scalfitiisy elrdet farmative bdsewoPRIP ¢torgRiDnahbom e thesing eodgtycribédir e
of the bonding of abrasive grains with a |low CTE naterial substrate.

I n parti culhgfein, tecE@adALMNY reldstbheiséd & @RERRA dr MBYS a IMPIalll @ ok
shows the mcrostructure of the bonding of abrasive grains 32 firmy

bonded t0 @mbeWnfchE a%ﬁih%@ﬁﬁac%%f P ol s %@{&iﬁ'ﬂ@ tl?ét ﬁMPr c%ﬂdition%r. of

m croscope | mage 40 of FI shows further detail of e strengt

f Eﬁv E—?Em'sﬁ%%?@g%qu% B ?e%lé%% ?“" lfﬁ%°@%?é%—st?éf@§%ﬁé8?ﬁ§3%€?"ﬁ%%*‘ge
[ ' 32 i [ [ ' . CTE. .34
and it 1 GRIRReY O haportes girfieR e s VIS i SpT e st Stz aTen

formati on of the CMP conditioner fromthe abrasive tool described
herein, th&PEBRSti oner is ready to be used to condition or dress a
CWP pad. In one enbodi nent, a working surface of the CWMP pad is
cont act ed BY¥®AESCMP conditi oner. Refurbishing of the CMP pad begins
in response to the CVP conditioner maeking contact with the working
surface of [#03§] CMPhpdiellafeing prpvades diatticolar rganplesd o €81 goteigemat aloasye
Exanpl es

tools formed according to embodiments described herein.

Example 1:
[0038] In this example, a CMP conditioner was formed from an abrasive tool
comprising abrasive grains coupled to a low CTE substrate through a metal bond. In

this example, the abrasive grains were diamond particles, the metal bond was
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[ 0037] The foll ow ng provides particul ar exanples of CWP conditioner
abrasive tools formed according to enbodi nents descri bed herein.
Exanpl e 1: 0038'1 In this exanple, a CMP conditioner was forned from

an abrasi vVQYH8¥pri si ng abrasive grains coupl ed to ACEERAGYR42267

substrate through a netal bond. In this exanple, the abrasive grains
wer e di anond particles, the netal bond was 14

NICROBRAZE and the low CTE substrate was Invar. The abrasive tool used to form
the CMP conditioner in this example was formed in the aforementioned manner.
After formation of the CMP conditioner, the Micro Measure 3D Surface Profilometer
was used to measure surface topography flatness and waviness. As shown in image
50 of FIG. 5, the surface topography of the CMP conditioner is generally even and
uniform and that there is no indication of severe deformation.

Comparative Example 1:

[0039] In this example, a CMP conditioner was formed from an abrasive tool
comprising abrasive grains coupled to a stainless stecl substrate through a metal bond.
In this example, the abrasive grains were diamond particles, the metal bond was
NICROBRAZE and the stainless steel substrate was 4308S. This abrasive tool was
used to form a CMP conditioner in the aforementioncd manner and the Micro
Measure 3D Surface Profilometer was used to measure surface topography flatness
and waviness. As shown in image 60 of FIG. 6, the surface topography is uneven and
non-uniform becausc of the deformation that arises because of the CTE mismatch
between the 430SS substrate and the composite layer of the abrasive grains and metal
bond. The CMP conditioner made with the low CTE substrate Invar is much flatter
than the CMP conditioner made with the stainless steel 430SS substrate

Comparative Example 2:

[0040]  In this example, the CMP conditioner made from the low CTE substrate
Invar as set forth in Example 1 and the CMP conditioner made from the 430 SS
substrate as set forth in Comparative Example 1 were put under the same load to
determine the life time and performance of cach conditioner. In this cxample, a

pressure sensor sensitive film was placed on the top working surface of the CMP
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NI CROBRAZE and the | ow CTE substrate was | nvar. The abrasive tool

used to formthe CW conditioner in this exanple was formed in the

af orenenti oned manner. After formation of the CVP conditioner, the

M cro MeasWOIBI0f ace Profil ometer was used to neasuPETASHHYRE267

t opography fl atness and wavi ness. As shown in image 50 of FIG 5, the

surface topography of the CMP conditioner is generally even and

uniformand that there is no jndication _of severe deformation.

Conpar at i vERLHRSFe Then [foleadthah may; wngs &ivi ebouk 1eNks Kuplaut S8R dbs was

fornmed froman abrasive tool conprising abrasive grains coupled to a

stai nl ess $lased o8 be tomverking sudgve sointbe AIMB saditiprert hideroxdogsiing, thee

abrasive grains were dianond particles, the netal bond was N CROBRAZE

and t he st aindcesmssinagtedstolistermine tiwatspdBaS5S. of Thd wodkbreassifeee dfabd CEs

used to forma CWP conditioner in the aforenenti oned manner and the

M cro MeasuosdifiddeBuidf dieengid, lao gRdved inasagtl 56 f FOG B ahel CRATS tirdater

t opogr aphy fl atness and wavi ness. As shown in inage 60 of FIG 6, the

surface t ORQE FRAY theJoWEMEILRNS: NARAr HAY { phiroRECAURR stffaddVid therefore

deformation that arises because of the CTE m smatch between the 430SS

substrate C 118 My 1S S gN t al:
%r\(?ge tggﬁ‘}ﬁ RGN @%45%?1_ bcofnvhfg@? ?)I\?VH%T i@ ATiR! IEHés

bond. The t1oner e wth t substrat el nvar

43055 subs P4t SOty ST pEEblRa e TREGal b bife S b ERERE SHTE
cwP diti | CT I forth i
Exampl 6 1 G PHE. EOE VR AT GRS M RRGET At D e e T R epp Aoy |

set forth in Conparative Exanple 1 were put under the sane |load to
det er ni ne tReking pwiace pd dractprerrese phHicabes et WHEMQL bsrYolvadinthg s
exanpl e, a pressure sensor sensitive filmwas placed on the top

wor ki ng su eonstitiqries. CRs, the peifeinunes of thiseME dopditiondras netey gpethese
fromabout 10 I bs to about 500 | bs was placed on the top working
surface of thaEMBendiGonkirthawngthe [ ICITE wubbtodellnvg;. t he surface was
anal yzed to determ ne the topography of the working surface of the
CWP condi t icam@ple 2:n this exanple, as shown in image 70 of FIG 7, the
CWP conditioner nade fromthe | ow CTE substrate Invar has a uniform
wor ki ng surfe@ag andihifekaheea e Rhditbh& Y A}k fnRialSabiste 061
involved in the CMP conditioning. Thus, this CVMP conditioner wll

have i npr O\éﬁ}gpéiéiﬁ%aﬁﬂéﬂ?e gﬁﬁlgggﬁék% {Eaanﬁ)gz %g%g@&{%“tﬁmu%‘ aiml al YoRE" In

hand, the condi ti one rom-t substr as a

non- uni of PMOKL N SUELAGE BN NeLelRLE 0TS Al I, aRLASING; OLal NS

wi |l not be invo condi t5on ng.p e perf nce

? L et |h|03v %@[@8@%%‘#“1}%} TOOVE' (?ISE gl?b%gragsxvgsh?nvghp ﬁ%nlg]léli&gﬁf&zgav\\/flmng
applied to the Invar and the diamond particles were applied to the NICROBRAZE to
form an as-made abrasive tool. The as-made abrasive tool was dried in the oven at a
temperature of about 260 °C for about 8 hours. After drying, the as-made abrasive
tool was fired in a vacuum furnace at a predetermined soaking temperature of about
102G °C for about 20 minutes to form the abrasive tool. After formation of the

abrasive tool, a fluorine-doped nanocomposite coating was applied to a working

surface of the abrasive tool.
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Exanple 2: [0041]In this exanple, a CWP conditioner was formed from
an abrasive tool conprising abrasive grains coupled to a | ow CTE
substrate thro h a netal bond. In particular, the abrasive

were di amofd P ‘ﬂ(’i‘)‘&ﬁﬁes, the metal bond was N CROBRAZE aﬁ&T’t[ﬁg ‘P’BWZ@TE
substrate was Invar. The NI CROBRAZE was applied to the Invar and the
di anond particles were applied to the NIl CROBRAZE to form an as-nade

abrasive t as- made abr.asi ool dr| ed, in oven at a
Ferer at ur Q0] andE HRYEPLITEY it B HETPE Weheras st U GO er ¢
as- made abrasi.ve tooI was fired in a vacuum furnace at a

predet er mi FEBAIERRR CAMP pahpletadii el MhradpdhtMachny thatrwss userbior plogrize or
mnutes to formthe abrasive tool. After formation of the abrasive
tool, a fl wolshemiopductaanetonpded pdishiagtparagnaiasctipgs fosdha AMATWMIKE ng
surface of the abrasive tool. WD 2011/009046PCT/ US2010/ 042267

[ 0042] The dBviBS\lachirtedotludialr threglaten dpheds vefaniphe sped, msmbiraas paes@ivdand
conditioner to condition a CVMP pad of an A MAT Mra CVP Machi ne t hat

was used t @luptyasrasinzewhile Rl doalitiseiy Ganmuedrofrtivgé @icdudediBe pRIdeSiivig
paraneter settings for the AMAT Mra CWVP Machi ne included the platen

speed, waf ggrcharddispaes sphRIMALANe cﬁnqg@ UREpI181H s5det a¥ s&m@gmwombh@
the conditioning paraneter settings included the node, down force and

o b A 4R s e L LIS g
T ane DL SRR G R REEA P Sk 2 W e
SRR R KA SR E G AN
illustrati r;gd\gﬁfc%ddubg[eédo&lgg E‘t(3 dtf9c§rRE)‘/vaf ers polished by
[0043]  FIGS. 8A-8B arc plots illustrating wafer uniformity for wafers polished by
the AMAT Mira CMP Machine that was conditioned by the CMP conditioner formed
in this example. In particular, FIG. 8A shows a plot 80 of the removal rate (RR) of a
watfer with the CMP machine as measured from the edge of the wafer to its center and
to the other edge (distance from the center (DFC)) after a polishing operation. FIG.
8B also shows a plot 85 of the RR versus the DFC, but after a greater number of
wafers have been polished at particular different times. In particular, FIG. 8B shows
the polishing results after the AMAT Mira CMP Machine was used to polish up to
999 wafers. The measurements were taken after the polishing of wafer 21, wafer 137,
wafer 337, wafer 496, wafer 676, and wafer 999. The plots of FIGS. 8A-8B both
show that the AMAT Mira CMP Machine aided by the CMP conditioner formed in
this example generated wafer profiles that were flat and consistent as measured from

one edge of the wafers to their centers and to the other edge of the wafers (note that

the measurements plotted in FIGS. 8A-8B were obtained by using a full point probe
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the AMAT Mra CWP Machine that was conditioned by the CVP conditioner
formed in this exarrple In particular, FIG 8A shows a plot 80 of the
r enoval rate%g? a wafer with the CMP nmachi ne as neasured from
the edge ofY&H&Y ?4ér toits center and to the other edé’gT/([@F‘EP"ﬁﬁEQ
fromthe center (DFC)) after a polishing operation. FIG 8B al so
shows a plot 85 of the RR versus the DFC, but after a greater nunber
of wafers have be i shed at articular different tine

part el ar S FE (a5 HpRet e bBERT Ll Gt ool BPRAIOhe ThGHT Tt
CVP Machi ne was used to ish up to 999 wafers. The nmeasurenents
were taken dﬁﬁ“?@?“f%@”p%??’%??ﬁ’&”@ﬂ%@ﬂé?d fram digend pesticles, AHEROBRAZE
waf er 496, wafer 676, and wafer 999. The plots of FIGS. 8A-8B both
show t hat hé I pnilicoatetvathva dhioriee-dontd dahgeannesiGVRoatiog diitecin effects
formed in this exanple generated wafer profiles that were flat and
consi st ent vafermpadissed & rroamenehadgedsofo tivee waiforns wafet pedfilesc dnt ers
and to the other edge of the wafers (note that the neasurenents

pl otted inchhsGentBM8B were obtained by using a full point probe to
scan the wafers after perform ng each polishing operation). These

results det[@mﬂ raye difld 102 ohdiie GRAIHG! ROAL hﬁ{s&ﬁgdflhomc;h agRIRE yere
particles, RAZE and I nvar and coate a fluorine-doped

nanoconpos 're%ﬁaﬁ%t blﬂ)@he? Bt dla&{e? %% %CL aIEH gfﬂnl fhvs éﬂn‘@gﬁ?ﬁpﬁgﬁ?o

that |eads to nore uni ormwa pr of i are consi's

wer e 1 epeat i HEATNER G B fBlhh"gﬁa{rﬂ%?ﬁ‘g'tﬁsf le&é@@%@ Tt

exanpl e was nade and use in conhunctl on Ww e sa AVAT Mra C%/P
Machi ne t o Y& BR Sﬁxﬁ?é’f‘%" TR HERS S§HBSHa Fn‘léd B’aP’é’ B}céb‘%*‘é?‘%ri‘%@
The wafer profile measurenments of these wafers are i|llustrated in

pl ot 90 of thesewatyrs 4rp ilhispated in plet 94pid1Go9 s hopstiaen RIG. Phowh agaimiret
Mra CMP Machi ne aided by the CWP conditioner of this exanple

gener at ed eef éM‘bToMnme@MtPhMaCh\mc aidadaby dhed CdBhsoeditioner af thisasumpde
fromone edge of the wafers to their centers and to their other edge.
Mor e speci eowabtbd wakdr Groflesthatverctchixdt ahdheowdden ap mebhsurasfrsmayeddge of
consistently flat over 1000 wafer polishing operations which extended

over appr oxicwafetsyto kicif 6¢térs @hd tetilciritther TAES . MakO§pOdically, FHIG. 9 Shshows
that the results in FIGS. 8A-8B for a CMP conditioner fornmed from

di amond pakih GheewafeNhiRIBRAGEd 2BHsidtEMBY AR oC ORf0CHa 4 plising operations

fl uori ne-doped nanoconposité€ coating were repeatabl e and dénonstrates
i 1 or m wal G S?%?‘df““ iR 'l?d%ﬁ%oﬁ%ﬁ“% of A, Bl oo 0. o
N cromraze A TLAF e BOBRG A ER °f PRt rndlit nﬁg% SRt
part i oul a?%fqa?@? iR S R LBt 106 o Wi PGy SperairRRITIRSIS s
E,rc/g gggg?: pg;@gm{ygrrets nge{tébslg %%d V\fic;[n?ontst?eﬁ:esAmI tm; r(?M%NcPonl\d/%?ortlllep gss?srggi Enhe
generating consistent and uniform wafer profiles.
[0045] FIGS. 10A-10B show other plots illustrating how the CMP conditioner
formed from diamond particles, NICROBRAZE and Invar and coated with a fluorine-
doped nanocomposite coating, has a positive effect on the polishing of wafers. In
particular, FIG. 10A shows a plot 100 of the removal rate (RR) versus the number of
wafers polished with the AMAT Mira CMP Machine and the CMP conditioner of this
18



exanple. In particular, FIG 10A shows that the RRfromO to wafer
1000 was stable and consistent. FIG 10B shows a plot 110
ilTustratipng the range of the RR over the nunber of wafers polished.
As used he?"&%‘r’}“‘f%'&‘mr ange of the RRis the maxi mum RR mPﬁ’GéIPSP‘Hefﬂmm
m nimum RR. As shown in FIG 10B, the range of the RRis mnimal for
over 1000 wafer polishings and this is indicative of a very stable

renoval rate. This denonst es that a di tjoner _f d fr

i arond partETSs Tn RIEROBRARE DHHHRD aFee i R bl Cupieir 000 Was Sble
fl uori ne-doped nanoconposjte coating directly affects wafer profiles
in a rranneran§ ﬁa@SIﬁtgﬁdﬁ@ol%ﬁlmrﬂ plgt H Qudluetratipe dhe rapge phidie Rk gver the
consistently flat. [0046] Wiile the disclosure has been particularly
shown and desber Gledafers pobsljedn disi wed hrein, the atirgeof theeRi dsitheeraxenum RR
thereof, it will be appreciated that variations and nodifications

wi | | occur ntioug thes@nshinh RRd Anslidver arRIG. Thrtbé cange of thei BR tsombémal for
under st ood that the appended clains are intended to cover all such

modi fi cati erer H0d wdfangdshiags i thisws idicutib-bof b Wig H4d1d tdmodhl faRe This
di scl osure. CLAIMS 1. An abrasive tool, conprising: abr asi ve

grains coupk@@ndttcd thRW (MRLEARIGRE fRinecll MBI BhmEAPAREHIO) NIERBBRAZE
substrate through a netal bond, wherein there is an overall CTE

' h i / r
Mooy oh | 388 150063 LERTNAROHBride ! fiGedr B Wby Qilcb ) T

' h of ' i h | d he. CT
ot oh opeRepPRIRCLE Ao 8" Rad " B punfORE S BT Tt are

abr asi ve t ool ‘.apclorfij‘i ng to claim1, wherein the abrasive grains have
a CTE t hat ‘PEIEYLY ¥ m about 1.0 inn/m C to about 8.0 pmim C,

[0046] While the disclosure has been particularly shown and described in
conjunction with preferred embodiments thereof, it will be appreciated that variations
and modifications will occur to thosc skilled in the art. Therefore, it is to be
understood that the appended claims are intended to cover all such modifications and

changes as fall within the true spirit of the disclosure.
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3. The abrasive tool according to claiml, wherein the nmetal bond has
a CTE that ranges fromabout 5.0 ,ummC to about 20.0 itna/mC . 4.
The abrasive tool according to claiml, wherein the | ow CTE substrate
has a CTE that ranges fromabout 1.0 gmmC to about 10.0 pnimC. 5.
The abrasive tool according to claim1, wherein the abrasive grains
are selected fromthe group consisting of oxides, borides, carbides,
nitrides, dianond particles, cBN, single dianond particles,

pol y- cr y&tamMy ne di anond particles, alumna, Si3N4, zirconia, cBN,

Si C, and conbi nations thereof. 6. The abrasive tool according to

cl ai m 1,1. whebmsine tobE compridingoond i s sel ected fromthe group consisting
of brazi ng materials, nmetal powder bond materials, and conbi nations

t her eof . 7. atthgveadnias conpletl ooh loacaeaffiienyofttherohbixparbion WG EE pdubsttalee | ow
CTE s ub&mbagma i§taSRNECYIRLe h fHRFD it ACoGFIUPTE Aledatchitg rdﬂfxes| fih@kboul My ar

36, SUD LEAG 280 S@H@fn %‘%&%Hf%é‘ﬁi HHFSET]% Ffs%‘a& is the JhE BRLAS nye
R %gﬂ#%ﬁgf Rt 15 Spyhine el ond ha fod i@oamsm%is ot BF layr CTE

mor e t haHPsimERd ﬁ’@%%@flbt)% CTE of the abrasive grains. 9. The

abrasive tool according to claim |; wherein-the tool conprises a
chem cal - nechani cal polishing (CM?) conditioner.

2. The abrasive tool according to claim 1, wherein the abrasive grains have a CTE that ranges
from about 1.0 gm/m-°C to about 8.0 pm/m-°C.

3. The abrasive tool according to claim 1, wherein the metal bond has a CTE that ranges from
about 5.0 pm/m-°C to about 20.0 pm/m-°C .

4. The abrasive tool according to claim 1, wherein the low CTE substrate has a CTE that ranges
from about 1.0 um/m-°C to about 10.0 um/m-°C.

5. The abrasive tool according to claim 1, wherein the abrasive grains are selected from the
group consisting of oxides, borides, carbides, nitrides, diamond particles, ¢BN, single diamond
particles, poly-crystalline diamond particles, alumina, Si;Ny, zirconia, ¢BN, SiC, and
combinations thereof.

6. The abrasive tool according to claim 1, wherein the metal bond is selected from the group
consisting of brazing materials, metal powder bond materials, and combinations thereof.

7. The abrasive tool according to claim 1, wherein the low CTE substrate is selected from the
group consisting of Invar, Invar 36, Super Invar and Kovar and combinations thereof.
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10. The abrasive tool according to claim9, wherein the CW
conditioner has a surface topography flatness of no nore than about
150 ym no nore than about 100 gm or no nore than about 70 gm 11.
The abrasive tool according to claim9, wherein the CVP conditioner
conprises a coating applied to a working surface of the CW
conditioner. 12. The abrasive tool according to claim 11, wherein
the coating is hydrophilic or hydrophobic, and the coating is

sel ect ed. Theoabradhe toslatgrdiogti ddinrgwaérciaalic OFL of the i CTRAbstrae differs by

f 1 uori ngrdege thal GRAE Y009H Slolrfor€ BRh bt 56W, & nbWEFORRORI oGt T0h YIRE CEE of
coati Ng.y . Adasivh %aapra5|ve tool according to claim 12, wherein the

fluorine-doped rranoconposite coating and hydrophobic polynerlc
coating conprise one or nore additional dopants. 14. A nethod of
form ng the abrasive tool according to any of claims 1-13,

conpri sigiGhe RrAHedbdl gc&ralﬁgwofc@ﬂ&fll &h&Bih- t&ftomgwmes %l?e%ﬂédl %cﬁa%@
SUbStra%%hﬁ§%%$ﬁhﬁc8§ﬂhmn p ying fhe netal bond to the | ow

substr at )rasive grains to the netal bond to forn1an
as- made abrasive tool; drying the as-nmade abrasive tool in an oven;
and firing the as-made abrasive tool in a furnace at a

predet erfg Plchbldsfe hl bETRELAD Wafn 50wk QAR e ROPLSRRINE HaO® burface

topography flatness of no more than about 150 ym, no more than about 100 pm, or no more than
about 70 um.

11. The abrasive tool according to claim 9, wherein the CMP conditioner comprises a coating
applied to a working surface of the CMP conditioner.

12. The abrasive tool according to claim 11, wherein the coating is hydrophilic or hydrophobic,
and the coating is selected from the group consisting of corrosion-resistant, a fluorine-doped
nanocomposite coating and a hydrophobic polymeric coating.

13. The abrasive tool according to claim 12, wherein the fluorine-doped nanocomposite coating
and hydrophobic polymeric coating comprise one or more additional dopants.

14. A method of forming the abrasive tool according to any of claims 1-13, comprising:
providing a low coefficient of thermal expansion (CTE) substrate as a preform;
applying the metal bond to the low CTE substrate;
applying the abrasive grains to the metal bond to form an as-made abrasive tool,
drying the as-made abrasive tool in an oven; and

firing the as-made abrasive tool in a furnace at a predetermined firing temperature to
form the abrasive tool.
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15. A method of conditioning a chem cal - nmechanical polishing (CW)
pad according to any of clains 1-14, conprising: contacting a working
surface of the CW pad with the abrasive tool; and r ef ur bi shi ng
t he working surface of the CWP pad with the abrasive tool to
condition the CVWP pad.

15. A method of conditioning a chemical-mechanical polishing (CMP) pad according to any of
claims !-14, comprising;

contacting a working surface of the CMP pad with the abrasive tool; and

refurbishing the working surface of the CMP pad with the abrasive tool to condition the
CMP pad.
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