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 APPLI CATI ONS

[ 0001] Thiwoappldoeasi on cl ai s the benefit of U.S. Provi sronmbkoibaiteet
Application Serial No. 61/226,074 filed on July 16, 2009, entitled

"ABRASI VE TOOL W TH FLAT AND CONSI STENT SURFACE TOPOGRAPHY FOR CONDI TI ONI NG
A CVP PAD AND METHOD FOR MAKI NG', and U.S. Provisional Patent Application

Serial No. ABRARIYFOAOOLIWEH enAAUGNBICONS AN T SURFAICITO PEBBARIPEY TOOL W TH
FLAT AND CONSI STENT SURFACE TOPOGRAPHY FOR CONDI TI ONI NG A CMP PAD AND

METHOD FOR MAKIRYR coMbaoRmechothip p&RrepaiedHeh FeRevianardierein in
their entirety. 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 1S 1. Qi SIRIHERN DB WS B AR E3L GRe( ) pad and method for
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[0001] This application claims the benefit 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, entitled
“ABRASIVE TOOL WITH FLAT AND CONSISTENT SURFACE TOPOGRAPHY
FOR CONDITIONING A CMP PAD AND METHOD FOR MAKING”, which are

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 disc
substrat e’ 2mppPhi4se waf ers and wi ndows, plastics and secfrarsténoodyep? cal ly,
CVP processes involve using a polyneric pad (CVWP pad) and a slurry that
contains | oose abrasive particles and other chem cal additives to renove
material to reach designed di nension, geonetry, and surface characteristics

(e.g., pl dimanisioy, gsamdtacand sughdredsyadprisbiod fe.€ hplmaddy, anthcarolgdmesal
actions. [0004]During a typical CMP process, the CWP pad becones gl azed

W th polighbp@ dhesidlend hBéminRECcKSishd.at es the use of a CMP conditioner
(also referred to as a CMP dresser) to condition or dress the CWP pad in

order to ini nat e |.azi residue { (%] ' e [ and
resi due all 0L "the BRBrBaatrRtdy afbiekins uP R heal ruR ki

[ 0005] Generally, a CWP.conditioner is fapri ed usi a.nmetal bond to
i abr as PO EREES THS TRogarey i d o eatl Sndimit i Rodrddpen

wor ki ng surface that can condition CMP_pads. The fl atness and topography of
t he wor ki A¢MBdresser) daorflidempediventhgel MPpadnp wdardpoligneste dimelpzingns a” CWP
pad. A CWP conditioner with a working surface that is not flat and

i nconsi st emt rebidue.t Elimopwigg dphglazing kndcusidan dllows daige pad e CiRepsiable Thi s
type of topography eventually affects the ability of the CMP pad to provide

consi st enpolahthguidrfoamandeol i shing during the CMP process. Additionally, in
applications where a CMP pad is used to polish sem conductor wafers, a cut

?p% or 3\2@39 Sﬂm %héraﬁ«},@éﬁ\/lﬁ B&ndHiGHld 1O FabkRAEIHFLRCA MiklithoRBlps formed
fix abrasive particles to a preform to create an abrasive tool with a working surface
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 surface 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 coefficient of thermal expansion (CTE) substrate through a metal
bond, wherein there is an overall CTE mismatch that ranges from about 0.1 um/m-°C

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



[ 0006] I n one enbodi nent, there is an abrasive tool conprising: abrasive
grains coupled to a |low coefficient of thermal expansion (CTE) substrate

t hrough awoevdloobmnd, wherein there is an overall CTE nipsmatsedoblzzs7 r anges
fromabout 0.1 ianimC to about 5.0 iamimC, wherein the overall CTE

m smatch is the difference between the CTE mismatch of the abrasive grains
and the netal bond and the CTE m smatch of the | ow CTE substrate and the
met al bonche ¢DPGThhatch of eeostdagivibgdinyeint ,thd hetad bbad andreichCTE alisthatichi ng an
abrasive tool conprising: providing a | ow coefficient of thermal expansion

(CTE) subgt hatiGy aTRsups@ft0 b tRRyIivddda netal bond to the |ow CTE
substrate; applying abrasive grains to the netal bond to form an as-nmde

abrasive tool, wherein there is an overall CTE m smatch that ranges from

about 0. 1[666’7 Crf &gﬁ&ﬁ% Eg?c&in%ﬁ? T re ié"*&%@tﬁgdtoff%ﬂ%{ﬁg%' alfelEv et ch is

the difference bet _ m smatch of 't abrasiveé gralns and the
G RSN N R R T R G
abrasive toagl in a furnace at a predeterm ned fLrin?iﬁegegzatuéglao form
t he abr asPiéorfp@pplying a metal bond to the low CTE substrate; applying abrasive grains to

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 um/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.



[0008]In a third enbodinent, there is a nethod of conditioning a chem cal -
mechani cal polishing (CWP) pad that conprises: contacting a working surface
of the ChPopad/mwi4sh an abrasive tool, wherein the abrasipee/useoab/ oen2apri ses
abrasive grains coupled to a | ow coefficient of thermal expansion (CTE)
substrate through a netal bond, wherein there is an overall CTE m smatch
that ranges fromabout 0.1 iunimC to about 5.0 ianimC, wherein the
overal | CBRIBF BESCRIPITSONIGF tHE RRAWENG®t ween the CTE m smatch of the
abrasive grains and the netal bond and the CTE mi smatch of the | ow CTE

substrat e;gnd] t heieref & aD ke oBRCE HESKR BN 661 T4 PR MES 2h§009] FI G

1 is an inmage of a conventional abrasive tool having a non-flat and

inconSiStﬁﬁBnﬁaéh%ﬁﬁh&gﬁﬁgégﬁgy; [0010]FIG 2 is an inage of an abrasive

tool according to one e nt 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 embodiment 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 surface topography;

[0014]  FIG. 6 is an image of an abrasive tool made from a stainless steel 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 one 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 ectron m croscope i mage show ng the

m crostructure of the bonding of abrasive grains with a | ow coefficient of
t her mal ewpansivoom46 CTE) substrate accordi ng to one enbodcCraskoiof4i2he
present invention; [0012]FIG 4 is a scanning electron m croscope inmge
showi ng a nore detailed mcrostructure view of an abrasive grain shown in
FIG 3. [0013]FIG 5 is an imge of an abrasive tool nmade froma | ow CTE
subst r at e[00da8] NgFEGS.| BIA-20B aeo plitssileptratBigrf aee rdnapaf raphyd rédékdf&tG 6 is
an image of an abrasive tool made froma stainless steel substrate having a
non-flat gande kRS o vRiters PUTi{REDyAPOP BN conditioned by an 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 (e.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 each interface (i.e., the interface of the abrasive grains and metal

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



[0015]FIG 7 is an inmage conparing the working surface of the abrasive tool
having a | ow CTE substrate to the working surface of the abrasive tool

havi ng a woannlmssicst eel substrate as a simlar | oad ispappisc@dosnzérach
surface; [0016]FIGS. 8A-8B are plots illustrating wafer uniformty for

waf ers polished by a chem cal - mechani cal polishing (CW) machine

condi tioned by an abrasive tool forned according to one enbodi nent of the
present i ngRtdtom; copB)IhehRhEstathless saeablsabstrate, wsstdl doint Gintl brasepeahiabi | ity of
the wafer uniformty results showmn in FIGS. 8A-8B; and WO

2011/ OOQO{}@é?ﬁf% %@%O&Qﬂg{afﬂfy 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 causes 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.e., the
center is higher than the edges) due to the faster shrinking rate of the stainless steel
substrate 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
inconsistent 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 (e.g., up to 10,000 Ibs) is

applied to the working surface (i.c., abrasive grains) to push the convex part from near

6



[ 0018] FI GS. 10A-10B are plots illustrating wafer renoval rate and renova
rate range stability for wafers polished by a CMP nmachi ne conditioned by an
abr asi ve woabitfoopewed accordi ng to one enbodi nent of theppraseow/oiI26ENL | ON
DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0019] Enbodi ments of the present

i nvention described herein relate to an abrasive tool such as a

chem cal - nechani cal polishing or chem cal -nmechani cal planarization (CWP)
condi ti onéie entadriesgeas o Hat shape ud@elvéver,cthodobid GlondthedmesimnicalhRspiag t o
elimnate glazing and residue fromthe pad, so that the pad can deliver

stabl e popiszhisnBongts PhoROEEoEH fdrfdoR tHeMBriRCES s ahll afaTcR@ER udssier m ned
herein that conventional CVP conditioners fabricated with a stainless steel

subst 1 al e e AoMR! Al U BYSERL S Grn RERE RAGTRREK! 21 » and retal

powder bond mater| on thé subs e-an rasive grains |ayered on the

metal all e sus tible ta havi wor ki ng syrface that is non-flat
and i neonditebnt i nPles L bpBhraghy. 10aS! rbrereREandndvas s A et defs t ne
ability of a CWP pad to provide consistent and uniform polishing during a
CMP pr oceysdergang2g misehansnsgl preatingpi@cesic ovisheva Ry thuvaripee shadepuy aEy for COWP
conditioners fabricated froma stainless steel substrate preformwith a
met al al | 0§, thodurédse aspogeaphy as msevan iaseé son-nniféren béaairsegsopreadedesnatibn prilbduci ng
the conditioners. In particular, the stainless steel substrate preformwth

et al al | eynamndevddr & WRridfraindShe h:cRArdeL réRing pracdsl MBcdaRacGRe teaped at a
predeterm ned tenperature, which causes the netal alloy to expand and react

with the fi a ; i raj f t al
bond betmggﬁmgg%§§ﬁﬁ$§%$gce (P&e%%it en?%%gffgg%gogbgﬁgﬁggﬁégﬁggﬁgggins and
metal tenperature coolﬁ .then the stainless %teeu %ubstrage qﬁtal bond and
abr asi ve"B? R &g TPl R BN BOsE1 i P BN UL R TS P st eel
substrate has a. higher coefficient. of thermal expansion (CTE) than the CTE
of the coffplgEnttion g eceyringy the grpéowgff CMP|cepdifigaetabr asi ve grains, the
expandi ng and shrinking of the stainless steel substrate and the conposite
| ayer of the nmetal alloy and abrasive grains will happen at a different
rate. | n P¥R8I cultahas thsen sdagratiecss herear | thaty by tharmaly deforaypamacaande shri nk
at a faster rate than the conposite |ayer forned fromthe netal alloy and
abr asi ve granmscdigcadiisea efbstrate thatdrmbdiTE thaCifese clokdélg matdratiechCTH o€TES
causes a thermal deformation in that there is a conpression that occurs

bet ween t he fhaivd 8amsSti@&artsauRe! tat propased fveueNOSIrk® thay®mprRkdred of the
nmetal alloy and abrasive grains. This results in the conposite |ayer having

a convex NE%E@E&%%H&A} ?1%%0?& {h%a(?ﬁff‘toﬂhei a?breﬁ:is% %in%.h%e%@oﬁgges) due

to the faster shrinking rate o e st ess steel substrate wth respect
to the sl ower rinki rate .of the conposi | ayer .as the tenperature in
the T nal a5 TRy o SRl iheRRIRE 1k wiEtheRS HiSHeR T has
convex surface topography will wear quickly at the center because it is
per f or m ngfAtHRss nigdr ULrde e hav Mgrt | dstirAignest hetits ap ot £21¥n fols (OfPosed to
the edges which are lower. A CVWP conditioner with a surface topography that
i s non- f | eendaehcitromg swerkingwicos thadis nohdlat emd excosssigd imidpogephgi tion a
CVWP pad in a non-uniform manner. Consequently, any polishing functions

performed by the CWP pad will be inconsistent resulting in quality (e.qg.,
def ecti vi {00R4ANdFIG.€1 @ ansisiags 20 of an abrasive tool 25 according to one embodiment

of the present invention. In one embodiment, abrasive tool 25 comprises abrasive
grains coupled to a low CTE substrate through a metal bond, wherein there is an
overall CTE mismatch that ranges from about 0.1 um/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

7



[ 0021] Attenpts have been made to correct the convex surface topography that
arises fromthernmal deformation in the firing process of the Cw

condi t i on®o20ty0oasicng a nmechani cal pressing process. | nppantscemwioa2s7 a | oad
(e.g., up to 10,000 Ibs) is applied to the working surface (i.e., abrasive
grains) to push the convex part fromnear the center back to a flat shape.
However, the load fromthe nechani cal pressing process provides a

non- uni f oamd therm@etabboidie Aghised hveingraal TE maischaeh 18 thiceshibiutd diffenaiebdnt 0
satisfactorily correct the surface topography of the CVMP conditioners.

[ 0022] FI GeTE hdwédh img?eégf Rbtefiak OMN&GBlkQNRhARaTH Vi chOOH, thO1g{erB@S
under gone the nechani cal pressing process. As shown by the various shades

in image %qﬁrﬁgﬁpﬁ%ﬁgagﬁk%g@ography i s uneven and non-uni form because sone
deformati on st remai ns even after perform ng the nmechani cal pressing
process. Because the CMP conditioners still have non-flat and inconsi stent
surface topographi es even after undergoing a nmechani cal pressing process, a
need exisﬂgﬂﬂﬂ ¥ 85 eisuititsht her e Edet.o EﬂMM&FSGTB@&HST(H@@&MMIhe firing
process of CWMP conditioners. [0023]1t has been determ ned herein that the
thermal dgforffpti on can be

|CT E prasives —CTE iona| 18 the CTE mismatch of the abrasive grains and the metal
bond; and

|C TE psvare —CTE,, iuivona| 1S 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,

Si3Ny, 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



m nim zed by using a substrate that has a CTE that nore closely matches the
CTE of the abrasive grains. In particular, it is proposed to use a

substr at ewOhlat1/wempri ses a | ow CTE material that closel pycraisehnes412he CTE of
t he abrasive grains. The use of a low CTE nmaterial for the substrate

obvi ates the CTE m smatches caused by using a stainless steel substrate
that has been determ ned herein as a cause for CWP conditioners having a
wor ki ng stiateaiab ist feddctddsfronthé lgedupadedsistieg 66 iistae 86, Sipek dpagr(dpay 32{50024] FI G
2 is an image 20 of an abrasive tool 25 according to one enbodi nent of the

present i BYERLLSnd kBm8RRLHsHasi-gENt , abrasi ve tool 25 conprises abrasive
grains coupled to a | ow CTE substrate through a netal bond, wherein there

is an overall CTE mismatch that ranges fromabout 0.1 ium mC to about 5.0

um m G m?)%ﬁ' Nt Qﬁbﬁéﬁ% gHmscEl}E Té&{he 13 t(‘é‘% gﬁﬁsi gfeﬁ‘ﬂ&%@émﬁgﬂ the CTE

m snmat ch ra5|ve rains an mat ch of
bond As used h smatch is

the | E sub th t
the'low CIE SuRs 8,00 Lie, T thsc ot PR aF St e e oGS or ¢, i n
the present invention, the overall CTE m smatch is defined as: Overall CTE

M snat ch 2isi Ropd idviccieddremahe gEqupeconsisionrat iezipe sumeialnractal goppder
tal boncill wherein 1CTE abrasi ves CTEetathondl is the CTE m smatch of the
abr asi ve bomd mmtards ahé combalatibondherendfd A non-exhaustive list of examples of

brazing materials include BNi-1, BNi-1a, BNi-2, and BNi-6. A non-exhaustive list of
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 pattern. 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 substrate 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



1CTE substrate CTEetathondl is the CTE m smatch of the | ow CTE substrate
and the netal bond. [0025] Abrasive grains refer to any grains which can
provi de avoadiwmeo46utti ng, polishing, grinding or other pomtuseéialo4r2émova
properties to a tool. A non-exhaustive list of abrasive grains that may be
used in enbodi nents of this invention include oxides, borides, carbides,
nitrides, dianond particles, cBN and conbinations thereof In a preferred
enbodi mentybit pettabrasibiepgtean, shaxayoraepseadrect wdnibiopatiche agpaulppateisi st i ng
of single dianond particles, poly-crystalline dianond particles, alum na,

Si 3N, Zi fGafHom p&Bih, a%'on%ﬂﬁ'na@i%H@'oP@ﬁdh%eﬁﬁerlﬁchfddlt{ogog&l oA’%loichﬁﬂi) herei n,

a | ow CTE substrate i's any material that has a CTE that ranges from about
0.111.1m t [ g%%

substr at egama%ngsr)rﬁadlbg& ?{1'801%13 gattécofn e/%h%iﬂ?roéllﬁ ts o ﬁ‘%ﬁrﬂs{eﬂi veﬁr on

i ncl ude I pvar, er |nvar ovar ref erred enbodj nent he | ow
CTE subst RATSmab BRI S E nePds o st eRii s pnEbmET Cenhgeorn Hoar 96,
Super Invar (lnvar 32-5) and Kovar and conbi nations thereof. [0027] The
abrasi ve 8bsirats) aafnebfz:wélaédvetlo Baselep gwineEitenn diaf heve besn afdcad 1t pithstigh t he
nmetal bond. In enbodinents of the present invention, material used to form
t he net al abambhm dissehioned gattomet! hBstgbatign, (aom{i-as«toiidigg oindoradistrgpunmat er i al s,

nmet al powder bond materials and conbi nati ons thereof. A non-exhaustive |i st

of exanpl eSARD™Y @z tRPed By ShindlGobhCAbEsvENInCL caBbE ubed, soBbht tReredfdo BNi - 6. A
non- exhaustive |list of exanples of netal povvder bond material s include

ni ckel - base%g tetn! z}??&ﬁ&'aﬁﬁﬁ% Qﬁh Reudes,Lbrazing filler netal). Those
at

skilled |nt art WI recogni ze't the selection of materials and the
di rensions of the material (e.g., thickness, particle size, etc.) depends

on the s pgﬁbmic ah{ Siazr tol'}ﬁtv é)g%s Ve 531 atglhtg & Qﬁ%&% (51%&4?\){1&%“[%

Appr oache t can 0 form ween H?e abras| ve
Br azi mg- apei i SR %E%E%s%‘ﬁ%s el st Yo D S o TP DR et hat
prior to Pacr)lggsl ?r%rnt Qt?ou?t())r 1ai'm\f§1-°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 pum/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 um/m-°C to about

10.0 um/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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grains to the | ow CTE substrate, the grains can be arranged with respect to
the nmetal bonding material and | ow CTE substrate to formone or nore

patt er ns wbabiiompodbe used to forma desired surface topegrapskyionkes7 ai ds in
conditioning or dressing CVMP pads. In enbodi nents of the invention, each of
t hese patterns can have objects that define a border and accordingly a
shape of the pattern. In sone enbodi nents, the shape of the patterns is

adj ust ed [0D3be sanchdt oft lavitpearsitapvodool thet Liewa hk Glubsibsaite thmhesrt al

(e.g., if the low CTE substrate material has a circular side, then the

pattern caRsda¥itéhes tHeCtTR b #aaPekiveBrANPsafaf subte RIpBsrapR@that AMIdee
utilized include a face centered cubic pattern, a cubic pattern, a

hexagonal a&f‘%&%ﬁg{'enft 2ah DO RAFIRE Qe %E"t& FpRRES NP c%n&i%ﬂegrﬁnaﬁ ttern,
and conbi nations of such patterns. I'n ad Ition, one or nore sub-patterns
and one or_nore random patterns be combi ned to form m xed patterns.
Random ablAEPYE! BFATTHIABAS (R & (b, Provihar v g ercifes it RIGHHOR ISt r | but ed
on the substrate) can be used as well. Besides using patterns that have
been pl ac8ampss isithhpeakatoratey faticsy deviaitongr the CHAR w@n£§W@itgm MoBiingon, a

sel f-avoi di ng random di stri buti on (SARDTM devel oped by Sai nt - Gobai n

Abr asi vessurfare. A amcabecusrdoSairfanatopolgeapdyiis obwined fyatsipat tpesfilpomated al so no
abrasive grain-free zones. [0029]1n order to have the abrasive tool attain

a CTE m spmhchy dplivvoeVicidie: BBt Surfa00 Peofabshetch éhat QesGl vhsd bipht alireratd t he
abrasive grains and the netal bond that ranges fromabout 0.1 iamimC to

bout 5.0, : W O | t ( ' CTE
abou ab i 1??'%&1{1%1}6? desto A eelﬁ%dﬁgé\fgs, fhe_RREBSMEGS éaé[ﬂ%urfa%"

substrate a e met bond nateri al a CTE that make this range

possi bl e. ;1 n.,an_enbadi t of the present jnventign, t abr asi v, rains
have & CrENUHARCEERES bifgdersth it BT SR IHRY Auub s 4% i & "the
netal bond has a E that can r e fromabout 5.0 itami mC to about 20.0

i am m C, HRERGHSUTISE W@Hﬁs‘?qtgg‘%ﬁ}?é% and evprinepsat o steh ApRALIPEY M BBout 1. 0
iamm C to about 10.0ianim C. Note that in these enbodi nents the CTE val ues
wer e neas tice dizh elsehvi@ObCscqn0egON W astrboes péBtun on theeY sbrsaaidvabogt a8, t he

| ow CTE substrate in various enbodinents differs by no nore than about 100%
of the CTknoih th&-adis. ablhtnessypadamaerslsoctoiygsak esrbeltbynfbniss devietidrovf (6 E
substrate differs by no nore than about 50% of the CTE of the abrasive

R e e e A
flatness deviation (FLTv) and root mean square flatness deviation (FLTq) were
calculated according to the ISO 12781 standard on the basis of a surface leveled by
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 ISO 4287 standard which defines waviness parameters on a
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WO 2011/ 009046PCT/ US2010/ 042267 [ 0031] A result of having an abrasive tool
that uses a | ow CTE substrate that nore closely matches the CTE of the
abr asi ve woannwopeict hat a surface topography that is fl acTarsdoioomest ent
can be attained. This correlates to i nproved CVP conditioners and inproved
performance during a CVMP process. As used herein, surface topography
flatness is the peak-to-valley flatness deviation of the CMP conditioner

t op wor Ki sgngslingf [acgh aAd nealNQ épgnstandard wihichc@otidpo gvaaglty onllobladatied by
using a profilonmeter such as a Mcro Measure 3D Surface Profil oneter that
uses a wWhigdpltdgQBigtkIr omati c aberration technique. In certain enbodinents,
the M cro Measure %D Surface Profilonmeter was used herein to profile about
a 96 nm by about a 96 mm area of the working surface to neasure both

e L N T
Fl h || dev f. th
7 tness, BORSTEL L3, SHED B8 REK LT B IR P Sl

val l ey fl atness, devi ation (FLTv and root nean square fl atness deviation
(FLTq) wefamed fram Sheetbradvoiog aé heg atsmc,facres@pqa?shy Hptapvafnoomorndapasi s of
a surface leveled by the | east square nethod. These val ues were then

| ow pass #bdut db@dinni Tthotheusmbodimicetst thd sutfacfopographefletoessaheubabéndor t he
full scanned area. In addition, waviness paraneters such as arithnetic mean
devi at i onnwkc thag aBSREHSaN PI0E picferrddadiiboibang iha serf{NGpodeptiyafldtasss of t he
assessed profile, total height of the profile on the evaluation | ength,

maxi mum prRl itk ©rRE &torOalagRbowi#oNim. @ sanpling length, maximum profile

val l ey depth within a sanpling l'ength and maxi num hel ght of the profile
within a sanpling length were caI culated. The values for these par aneters

\;I)VZ; gngtile(rztﬂ(%%?g é:gp i ncgﬁ 1|tl§% h and fﬁcﬂ-ﬁ]a@% %?@ ﬂ)g;téig?%b% I?l prOV| des
st a0Es SRS U SuTaTPL R bFREebSr TR RrihbShde SRS ron' =

manner, it has been determ ned her e| n that a CVMP conditioner fornmed from
the abr asiswscd avi prfomasAdassof ssel bepdirapphyd 19 the e €18 substrate ped ¢ han
about 150 um In other enbodi ments, the surface topography flatness may be
of no nor eythahalabout glods a,nmapphecatqoﬂefrasuabhomhtmoﬂirmem as-tade sbimfiace

t opogr aphy fl atness nay be of no nore than about 70 um [0033] A CWP

condi t i ongjol.f Phéregnfatadbratiee alol asthve dtiedin sles@ni e dnbemdbdinicat, dbyiagned in
the follow ng manner. In one enbodinent, a | ow CTE substrate rraterlal is

used as ayfr é:‘sflﬁﬁc[g ab%aélaé' ol O LAl tﬁ@ﬁQeé ﬁtaﬁﬁtﬂhfn%(:thé %bfagf%e t8YY ﬁ-rtﬁe

substrate and a layer of abrasive grains are applied he netal bond to

form an as-nmade abrasive e rasi v, Lo i then ried in
o oven. Proie: SHERRNIE st Bgn MG ¢ ﬁOY”Egutnﬁﬁoufserﬁsﬁfv Biphdpt B Cven

i ncludes nmaintaining.the abra5|v tool in e oven at a te erature of
about 2602525147 OQhHATeE A YR %%Ce&te.ph@;gtethae SOMEE FBREL e B ool | s
fired in a vacuum furnace at a predetermn ned soaking tenperature. In one
enbodi menene embodimcnadie ashnadd swasivotoo] & fired e a ivacuuny Syouen f arsealsegat a
soaki ng tenperature of about 1020 C for about 40 m nutes, where afterwards
it is congingeredctdiaboithid28l5Cabt vieout d0mihatss,beenc hbvermacs iTlhasesidéiel | ed i n
the art will recognize that the soaking tenperature and tinme can vary and

that ot hethay BlelBasiRYoblhas BOSERMEOOPAILRKkIA SR HRHPOFINRES Ehizdhhemet he
abrasi ve tool has been fornmed, a coating

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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can be applied to a working surface. As used herein, a working surface is a
surface of an abrasive tool such as a CWP conditioner that during operation
faces towsooowrood®eé comes in contact with a CVWP pad or echars2ewol2pdl i shing
pad. In one enbodi nent, the coating is corrosion-resistant. In particular,
the coating may be selected fromthe group consisting of a fluorine-doped
nanoconposite coating and a hydrophobi c pol yneric coating. A non-exhaustive
| i sting otohydinoginekt o/ithal ¢VEr pad eoshemgshipotibhidg pad| ioohaambedifdehy| ene
Propyl ene (FEP), parylene, and other fluororesion coatings. Those skilled
in the arfhWokling RCQALBR-rEH@hntt NE phtthal NBe AORRE MANBE WTBAS hémC@at i ng and
hydr ophobi ¢ pol ynmeric coating can conprise one or nore additional dopants.

| n anot he [ yfl [ ' iql.L.C.
B R e e T L
conditioner,are provided,in co nl ssign .S, _Provisional Patent

Aol i cat 1 BAvBEFE HoaNe Ay RueS k. R edo ChTEBIoHe ROLTEE Haeotes
COnditionin? Tool s And Met hods For Nhkin% And Using Sane, filed on June 2,
2009, whi 8Kludss iHeaipsndatdylay PopglceadEEPh pargleat trdeofher Augireticgaal

i nformati on on di anond-1i ke nanoconposite coatings are described, for

exanpl e, contldgS. PHiosat skibed 5in35R¢ 448, wilkt fvodgrfizer thatr thagflBrawedughedi ke
Nanoconposi te or Doped-Di anond-Li ke Nanoconposite Filns, issued on Cctober
4, 1994 t farldebinpBiltceoatthg and MRIrSMROGIY frdpmeiic YAUHAR cal CorhpeRr BRI nasic her ei n
by reference, in their entirety. Such coatings typically are anorphous

materi al s terized Py, i rgﬁgﬁﬁ i r ﬂﬁﬁhﬂ t :
predonina%t gégﬁéﬁ@gﬁgedmbg%g%ﬁ sta |?@%%gﬁ%§&%y roggﬁ¥Pg¥agg@ﬂ?&grsiIicon
stabilize oxyg nd_random net wor ks of . el enments.fromthe.1- and 8

or oups. of AP RIS AR on B RO LARER cft e B UbRI LSS s T o
instance, in U S Patent Application Serial No, 2008/0193649 Al , Coating
Conpr i si n§PNRNCE drespioyidet i sommony astedet iUee. Provbinal RolspsAPPiFaligtquet et
al ., published on August 14, 2008, the teachings of which are incorporated
herein bySm@a‘leNe-néb/lg?ﬂﬂ%h@hhtl@chﬁorreslym-l%ﬂwtanté}MBeC@MQJy@I TopB04s{ FIGS. 3
and 4 show scanning el ectron m croscope i mages showi ng the mcrostructure
of the boMtithglsdor dbakaisd wad grsagnSame,tfiled oh JundcCT, 2008t ehichl is sndosparateé. | n
particular, the scanning el ectron mcroscope inmage 30 of FIG 3 shows the

m crost r ugl wélreate thRs By oA 8ditisRdl affoYiBatidPdbR diadondlIINY nanbeRRAitt0 a | ow
CTE substrate 34, while the scanning electron m croscope inmage 40 of FIG 4

shows fur [ h h. ofc; &h i C i n a
particulaéggaﬁggﬁgékaggrﬁ’%ﬁsg%%ﬁ@hénfé&ﬁtﬁg&gﬁg%%?%%%8%%#q?ﬁﬁﬁgt ?inages,
t he chem cal .bongin f. .t he_abrasi ve, graiQns Is firn in place.with the
| ow CTe s EBStRg Bgtprdet ks NGoGRpPer § i iaRgh e NpbuSHiEpl aced.
[ 0036] After formation of the CVP conditioner fromthe abrasive tool
descri bedF@seissucd e QepkArt4:olt¢ fosDeefp ¢toalpethg dearhings cdnwhicho#icor dress
a CW° pad. In one enbodi nent, a working surface of the CVWP pad is contacted
by the CMRcogrodited dweerin bRefafedonshiingthefr ¢dtmet@VP Speld coetigsstyprcatigsponse to
the CMP conditioner making contact with the working surface of the CWP pad
during conglbighotd Nehafiallr &heta0@rie@eLr BY | @&penectrating random networks of

predominantly sp3 bonded carbon stabilized by hydrogen, glass-like silicon stabilized

by oxygen and random networks of elements 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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Exanpl es [0037] The foll ow ng provides particul ar exanpl es of CWP
condi ti oner abrasive tools fornmed according to enbodi nents descri bed
her ei n. Bxarpli®odnd46[ 0038] I n this exanple, a CVP condit iPomaS2e@®4526T ned
from an abrasive tool conprising abrasive grains coupled to a | ow CTE
substrate through a nmetal bond. In this exanple, the abrasive grains were
di anond particles, the netal bond was

teachings of which are incorporated herein by reference in their entirety, also can be

employed.

[0035] FIGS. 3 and 4 show scanning electron microscope images showing the
microstructure of the bonding of abrasive grains with a low CTE material substrate.
In particular, the scanning electron microscope image 30 of FIG. 3 shows the
microstructure of the bonding of abrasive grains 32 firmly bonded to a low CTE
substrate 34, while the scanning electron microscope image 40 of FIG. 4 shows
further detail of the strength of the chemical bonding between a particular abrasive
grain 32 and the low CTE substrate 34. In both images, the chemical bonding of the
abrasive grains 32 is firmly in place with the low CTE substrate 34 and it is unlikely
that the grains will be displaced.

[0036]  After formation of the CMP conditioner from the abrasive tool described
herein, the conditioner is ready to be used to condition or dress a CMP pad. In one
embodiment, a working surface of the CMP pad is contacted by the CMP conditioner.
Refurbishing of the CMP pad begins in response to the CMP conditioner making
contact with the working surface of the CMP pad during conditioning or dressing
operations.

Examples

[0037] The following provides particular examples of CMP conditioner abrasive
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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NI CROBRAZE and the | ow CTE substrate was |Invar. The abrasive tool used to
formthe CMP conditioner in this exanple was forned in the aforenenti oned
manner . AWVoeniifisosati on of the CMP conditioner, the M cPOoTNSasi00e228D
Surface Profilometer was used to nmeasure surface topography flatness and
wavi ness. As shown in image 50 of FIG 5, the surface topography of the CWP
conditioner is generally even and uniformand that there is no indication
of sever eNdEROBRAZDAnd GeiparGIE vebstcxtanplsdnilar. [T00 3BakiNe tdul sse@kidnpie, a CWP
conditioner was fornmed from an abrasive tool conprising abrasive grains

coupl ed t gheacKir O EESnE iR GhisSaRslpl@tais HRFAMD I ehd Bl maAREed IntunhBi. S
exanpl e, the abrasive grains were dianond particles, the netal bond was

NI CROBRAZ nl uhsty 4 i i.ve tool
wes sed (5F B B0 R RSP b Ebndt A R S B R o BBR RS T
M cro Measure 3D Surface Prof Ione%gr S used to neasurﬁlsurface

t opogr aphy'aF H$dhedBcasiy SHERFnpoerapty { U VHEEESS 60 HIOPNGN 18138F he
surface topography i s uneven and non-uni f orm because of the defornmation
that ari sé& 0%@& ugethéfsuffh“ee orezivkyrat 1y GMPaeanditioner Bggsralypyen ané and t he
conposite | ayer of the abrasive grains and netal bond. The CMP conditi oner
made W t hutifien and tEtiEhewbste atdecatiov af savsremgbdrmfatiat.t er t han t he CWP
conditioner nade with the stainless steel 430SS substrate Conparative
Exanpl e 2CohPak@le ERathples : exanpl e, the CMP conditioner nmade fromthe | ow
CTE substrate Invar as set forth in Exanple 1 and the CMP conditioner nade
fromthe S sub t [t nSO0R, I : e put
under theﬂgggg Ioadﬁ%gﬁﬂgggﬁwéggct é&ﬁgygntlnéggn b%?? o%gg%§%$% éach
conditioner. lL.n this.exanple, ressure sensor.sensitive fil s, pl aced
on the CopnBiRrh g EiFs BEsGpu el R ISR L SRR it oL 8RR Pt ey
range from about 10 | bs to about 500 | bs. was placed on the top r ki ng
surface off 3}1@ PP o EhTaMNe eraing avers diasaandnparticlse t8g rm%telegvﬁﬁ%&ﬁm yzed
to determine the topography of the working surface of the CWP conditioner.
In this eRBOBOBRALE shdwhe stainjosnglec!7@betfatEm@s 43055 hd hG\brasvadiool srer made
fromthe | ow CTE substrate Invar has a uniform working surface and

t her ef or eusadr & @érnt he CAli? ashdicoggrainn shewaforerbentionvd Invadher rant hihe QMR ro
conditioning. Thus, this CWP conditioner will have inproved life tinme and

per f or MaNgRaGRBSIH BEARE PRI cOWRe hsdiefddmedNR SVRicE %ﬁﬂg&'ﬁhgeﬂatﬁﬁge from
the 430 SS substrate has a non-uni form working surface and therefore nore

o o 1o ECLAELIGH S D0k B KO, DS I AL gl T
condi ti Onggn-{]n%\gnqg btecha(?lseI 8¥thlce-rgef%¥nt1)§t}021a‘gllgt Lqug/e%rbecause 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 ecach conditioner. In this example, a

pressure sensor sensitive film was placed on the top working surface of the CMP
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Exanple 2: [0041] In this exanple, a CWP conditioner was forned from an
abrasi ve tool conprising abrasive grains coupled to a | ow CTE substrate

t hrough awoevaloobmnsd. | n particular, the abrasive grai n®Crarseoidiosaazond
particles, the nmetal bond was N CROBRAZE and the | ow CTE substrate was

| nvar. The NI CROBRAZE was applied to the Invar and the dianond particles
were applied to the NI CROBRAZE to form an as-nade abrasive tool. The

as- made absmbtiorer.t ddlen viakadrth&dmay rifpe foorarabatit &0 tlepesdlatutse0dbs ahout 260 C
for about 8 hours. After drying, the as-nade abrasive tool was fired in a

VaCUU"1fUbﬁ@&?oﬁﬁh@tﬁf%%%hﬁg@hﬁ@gzéPﬁKJGgﬁi%&&ﬁﬁ&kﬁfﬁAﬁ&:@hg&ﬁn,Q%@ C fOF
about 20 mnutes to formthe abrasive tool. After fornation of the abrasive

tool, af Lne- S { | i 0 hNng

surt ace of s rns o BISRAREIYL AR MR RBly Sl ol RN D
exanpl e was used a .CMP cqondi tioner. to copditi d of..an AMAT
VT P TR it e dndmese opk 5B it Eane stticdBr wat er s.
The polishing paraneter settings for the AVAT Mra CWVP Machi ne included the
pl at en spewde figaf te lpwddls pehstrateferpriune ynifesyurekingsughen and thaistoe, whil e
the conditioning paraneter settings included the node, down force and di sk
head speethord of the sbresceargtags whe bpliatadvedspethd W catlitmnin®3 Thwolthisi ons per
m nute (RPM, wafer head speed was set at 87 RPM nenbrane pressure was set

at 3 poundsipesndGisiay evill hete (MSbyedni@ tshelbid pafdrtiahcseshsieincit 0H0@em |
liters per mnute (mM/mn), the node was in-situ, down force was set at 7

pounds pesth]fe?ﬁm, qebéma&ﬁ diliohkr head rp Q.M%ssﬁﬁos@te $3s B%]Ml-uhﬂg | FI GS.
8A-8B are plots illustrating wafer uniformty tor wafers polished by the
AVAT Mra > Machi ne that s_condi tioned by the ondi tii oper . forned in
this exampreing S anl (e SREnBR ML REREN i o PRk 8RB aF °F ot
(RR) of a wafer with the CMP machi ne as asured framthe edge of the wafer
to its cehtdr coitiqring nEhwy Hisrp 5@a116&i0£5§1ﬁ€éw?ﬁemlflﬂ@rd%ﬂ?@s ZOPRES) after
a polishing operation. FIG 8B also shows a plot 85 of the RR versus the
DFC, but #fct@Pgogdidanarhanngites loof ChERebsiraivaweatbeen pol i shed at particul ar
different tines. In particular, FIG 8B shows the polishing results after

t he AVAT Bkamaplel® Machi ne was used to polish up to 999 wafers. The
measurenents were taken after the polishing of wafer 21, wafer 137, wafer

337, waf efood9f. wakias RdfiplcaRdCNB 8ondfsher B RIAES Rim hGhradvy &Bboth
show that the AMAT Mra Machi ne ai ded by the CWP conditioner fornmed in

this exa - er [ I [ Stie as
rmasur od THORYINE 3t BRLR coRpfi 0 Bph e Whftale oY FOANGRL"T 27 coge
of the wafers no%e that. t he neasurengnts Iot.ep in FIGS. gﬁ%gB wer e
obt ai ned BYUErhg™e AT VEoRMHrbBe HgmoRdnPHHE SRt S7ER 1°"BeHor mi ng
each polishing 0 eratioq%. These results denonstrate that a CMP conditi oner
formed frOWB &Y@%@ﬁaﬁt gllew, CRE crosre Bvagnkivihy dihe N ROBRELEvviap a
fl uori ne-doped nanoconposite coating directly affects wafer profiles in a
manner t happliedadshe Imvamarel thnidfaprondvwysitedlepwori dppbed tvathe ANAIEREOBRAZEdnt | y
flat. [0044]1n order to ensure that the results illustrated in FIGS. 8A-8B
wer e repegirabirLas-ABes AehsitdMBot OMHE hi-AeE aeasite sl e driad @ thefdien tabh S
exanpl e was nmade and used in conjunction with the same AMAT Mra CWP
Machi ne t g.no0kish Jefhehs2404e ot Mous 3R uRBCAIREE dRA AR & fad€hblfigs. The
waf er profile nmeasurenents of these wafers are 1I'lustrated in plot 90 of

he. ANAT M chi ne

FIG 9. | articular, FIG sha again that t a

i ded by B SERsEL T oo PR IR PR LR ndk e g B es {ha
were fl at d consistent as nmeasured fromone edge of the wafers to their
centers ahd sCtRBPowt iﬂelnll%ta%.to e tagpaptasive dpgly Rﬁ?br’lo@laélﬁl%v%f hat the
waf er profiles stayed consistently flat over 1000 wafer polishing

oper at i onsbrabive Hoalx aefdutheodaped appeentipasite| opatige arappbitd ttest wegkinghus,
plot 90 of FIG 9 shows that the results in FIGS. 8A-8B for a CW

condi t i onsurfdcoofied dbrsinedoslnond particl es, N CROBRAZE and | nvar and coat ed
with a fluorine-doped nanoconposite coating were repeatabl e and

denonstrates that this CVP conditioner assisted in generating consistent
and uni form wafer profiles.
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[ 0045] FI GS. 10A-10B show other plots illustrating how the CMP conditioner
formed from di anond particles, N CROBRAZE and I nvar and coated with a

fl uori ne-woped/mameconposi te coating, has a positive efPettusesnoninee?
polishing of wafers. In particular, FIG 10A shows a plot 100 of the
removal rate (RR) versus the nunber of wafers polished with the AVAT Mra
CVWP Machine and the CMP conditioner of this exanple. In particular, FIG

10A shows[@0da] t Mae RRafiv©mol fdrmediadd éfis & Isvaas afcdllse GVI# condisivadrant . Fl G
10B shows a plot 110 illustrating the range of the RR over the nunber of

waf ers pobésfiesh a AMBEANST RMAT MIBa CRIWSIRhink MRt RRsi8ed REp1ARRE SN RR
mnus the mnimumRR ~As shown in FIG 10B, the range of the RRis m ninal

for over . | shings Rl s LS. kndl ] f bl e
removal ¢ BEh 4HiEhgRelol SRR TRPHahHit LRk SR R B MRS, Srona
articles RAZE and, | nvar and coated with a fluorine-doped

P ahocormoliMIb VI AGC L EIESt PRAEi et Faihsey BETPHIG PHRNGA hat

| eads to nore uniformwafer profiles that are consistently flat.

[ 0046] Whi Blary enaying cvbidathe enpditipagig papmpieniseifings sbied 4hel npslsc dowed i n

conjunction wth preferred enbodi nents thereof, it will be appreciated that

vari at i onforemehdbisk healaspicah sinvthislexampler the pldttrosecd kiak kedit DB révodutams .
Therefore, it is to be understood that the appended clains are intended to

cover al | pguathubOGRHENIE atdf@eadBpbcdRPd30RE atas7 REM, nWintBae posubd wes sdpi rit of

the disclosure. CLAIMS What is clained is:
at 3 pounds per square inch (PSI) and slurry amount was set at 200 mil liters per
minute (ml/min), the mode was in-situ, down force was set at 7 pounds per force (1bf)
and disk head speed was set at 93 RPM.
[0043] FIGS. 8A-8B are 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
wafer 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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1. An abrasive tool, conprising: abrasive grains coupled to a | ow
coefficient of thermal expansion (CTE) substrate through a netal bond,
wher ei n twenrell®o@ns overall CTE mi snmatch that ranges fr ecraseoun/002287i ani m C
to about 5.0 iam nC, wherein the overall CTE msmatch is the difference

bet ween the CTE m smatch of the abrasive grains and the netal bond and the

CTE mismatch of the |ow CTE substrate and the netal bond. 2. The
abr asi ve togtamchondifag hfderc paifohniling Waeh epolishing apsrasinye Jghasnsedudve a CTE
that ranges from about 1.0iamim C to about 8.0iamim C. 3. The
abrasi ve y8abn@acOhH NEMP Sl didhel forhR8 RN diaﬁ?onﬂ%}aﬁid&c’&ﬂcﬁ@@@' E t hat
ranges from about 5 Oi anlm C to about 20.0i amlm C . . The abrasive
t ool acco S t hat
ranges fr(E)I(rPnda gt%% n %‘%hrrﬁjwrrl}tpgg h@oﬁgﬁiﬁoﬁgﬁo%n%ﬁ? %Pe Ma%lg (P%&@ ggﬁ%r asi ve
t ool according clal m 1, V\/ne the abrasive gra selected from
Lhe or oup elereticigliof Birtachonakide Mt bl el RIUSS L
particles and cBN and conbi nati ons t her eof 6 The abr asi ve t ool

accor di ngcensisndlyriat, wherein the abrasive grains are selected fromthe
group consi sting of single dianond particles, poly-crystalline dianond
particl es[00i b fa,or&ir3t4 engire cthati ahe oBN]ts SiliGstraed] icoflfiha8Adéiis wdrer eof
7. The abrasive tool according to claiml, wherein the netal bond is

sel ect ed fdpearablBcadiigiICMPN®hEioNg Bf dREIINDboRBIEET thl Scanipid dhs BRWEer bond
materi al s, and conbi nati ons thereof 8. The abrasive tool according

to claim %nd m%rlﬁ'c'&nfulﬂ@tl&f)anEe SHRS WNPA® Mira CMP Machine to polish wafers

under the same machine parameters settings. The wafer profile measurements of
these wafers are illustrated in plot 90 of FIG. 9. In particular, FIG. 9 shows again that
the AMAT Mira CMP Machine aided by the CMP conditioner of this example
generated wafer profiles that were flat and consistent as measured from one edge of
the wafers to their centers and to their other edge. More specifically, FIG. 9 shows
that the wafer profiles stayed consistently flat over 1000 wafer polishing operations
which extended over approximately 18 hours of testing. Thus, plot 90 of FIG. 9
shows that the results in FIGS. 8 A-8B for a CMP conditioner formed from diamond
particles, NICROBRAZE and Invar and coated with a fluorine-doped nanocomposite
coating were repeatable and demonstrates that this CMP conditioner assisted in
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
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is selected fromthe group consisting of Invar, Super Invar and Kovar and

conbi nati ons thereof. 9. The abrasive tool according to claimS8,
wherei n twe 20ovwo®@HE substrate is sel ected fromthe groupcrarnsgeisourrg? of
| nvar 36, Super Invar and Kovar and conbi nations thereof. 10. The

abrasive tool according to claim1, wherein the CTE of the | ow CTE
substrate differs by no nore than about 100% of the CTE of the abrasive
grains. exampld1lIn gdrdcélb; &G VA sladwsathaothd RRfrbm Cloawafied 0000Mey giblet he CTE
of the | ow CTE substrate differs by no nore than about 50% of the CTE of

the abrashyecgsatdds- FIG. 10B él?owsTbgloahﬁ B5iVEraliROthcRa RO 6 Y K0 oGéah 11,
wherein the CTE of the | ow CTE substrate differs by no nore than about 20%

of the C-r\%;'&{)e twﬁgﬂfs%%h ifedd r@g U4 herein thelgéngggffth%qﬁ@ﬂ Hh 9(? AR’ ding to

claim1l, erein conprlses a chemc nechanlca I shing (CW)
condi ti oner.

avp cond tlighehe it K o88SGagogr Kby OFF B Oeﬁrgé%egaét%ﬁ%@wmh Ebout 150
am over 1000 wafer polishings and this is indicative of a very stable removal rate. This
demonstrates that a CMP conditioner formed from diamond particles, NICROBRAZE
and Invar and coated with a fluorine-doped nanocomposite coating directly affects
wafer profiles in a manner that leads to more uniform wafer profiles that are
consistently flat.
[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 those 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.

19



15. The abrasive tool according to claim 14, wherein the CVP conditioner

has a surface topography flatness of no nore than about 100 gm 16.
The abr aswoeeotioobosaccordi ng to clai m 15, wherein the CVMPCtarsdemioar2eT has a
surface topography flatness of no nore than about 70 gm 17. The
abrasive tool according to claim 13, wherein the CVWP conditioner conprises
a coating applied to a working surface of the CWP conditioner. 18.
The abrasCyalMsol according to claim 17, wherein the coating is
corrosion-resistant. 19. The abrasive tool according to claim17,

wherei n t pen¢patiaip@diis selected fromthe group consisting of a
fluorine-doped nanoconposite coating and a hydrophobic polymeric coating.

20 The abrasiye toal, agGaLdAgL  QuEhALD. 19 ber B, OSpIURY LD G oPSC

nanoconposi te coatlng an hydroph ymer | onpr se one or

r
more addi E:ée 101ent oc%e‘.ﬁlermal expansion (CTE) substrate through a metal bond, wherein there

is an overall CTE mismatch that ranges from about 0.1 um/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.

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

3. The abrasive tool according to claim 1, wherein the metal bond has a
CTE that ranges from about 5.0 um/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 and cBN and combinations thereof.

6. The abrasive tool according to claim 1, wherein the abrasive grains are
selected from the group consisting of single diamond particles, poly-crystalline
diamond particles, alumina, Si3Ny, zirconia, cBN, SiC, and combinations thereof.

7. 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.

8. The abrasive tool according to claim 1, wherein the low CTE substrate
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21. The abrasive tool according to claim17, wherein the coating is

hydr ophobi c. 22. The abrasive tool according to claim17, wherein the
coat i ng iwOhydrmopls! i c. 23. A nmethod of form ng amrcahisasiowe226D0l ,
conpri si ng: providing a | ow coefficient of thermal expansion (CTE)

substrate as a preform applying a netal bond to the | ow CTE substrate;
appl ying abrasive grains to the netal bond to form an as-nade abrasive

t ool , wheiseiselettbér foins than cooigr abhsifig W simebc hSigeat Invangad Kooan abhéut 0. 1
fumMmC to about 5.0 iumMmC, wherein the overall CTE mismatch is the

di ff er encgo B NESR thdisofCTE m smat ch of the abrasive grains and the netal
bond and the CTE m smatch of the | ow CTE substrate and the netal bond;

drying the as-gade 3t a5huGe APl YRR sMlorn e L CTI9 NG ES: rade

abrasive tool in urnace a m ne errpe ure t6 form

the abr asisvgelgc(%e(l from the group consisting of Invar 36, Super Invar and Kovar and

combinations thereof.

10. The abrasive tool according to claim 1, wherein the CTE of the low
CTE substrate differs by no more than about 100% of the CTE of the abrasive grains.

11. The abrasive tool according to claim 10, wherein the CTE of the low
CTE substrate differs by no more than about 50% of the CTE of the abrasive grains.

12.  The abrasive tool according to claim 11, wherein the CTE of the low
CTE substrate differs by no more than about 20% of the CTE of the abrasive grains.

13.  The abrasive tool according to claim 1, wherein the tool comprises a
chemical-mechanical polishing (CMP) conditioner.

14.  The abrasive tool according to claim 13, wherein the CMP conditioner
has a surface topography flatness of no more than about 150 um.

15.  The abrasive tool according to claim 14, wherein the CMP conditioner
has a surface topography flatness of no more than about 100 um.

16.  The abrasive tool according to claim 15, wherein the CMP conditioner
has a surface topography flatness of no more than about 70 um.

17.  The abrasive tool according to claim 13, wherein the CMP conditioner
comprises a coating applied to a working surface of the CMP conditioner.

18.  The abrasive tool according to claim 17, wherein the coating is
corrosion-resistant.

19.  The abrasive tool according to claim 17, wherein the coating is
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24. The nmethod according to claim23, wherein the abrasive tool has a
surface topography flatness of no nore than about 150 gm 25. The

nmet hod acwordimged4e cl ai m 24, wherein the abrasive tool pPhagisaoiopua2bace

t opography fl atness of no nore than about 100 gm 26. The net hod
according to claim?25, wherein the abrasive tool has a surface topography
fl atness of no nore than about 70 gm 27. The nmethod according to

cl ai m 23, sdlegtéch@&omcepidu qgsBing vt adluariaeabpaindnocampoNitsi dogtisgiaidaae of the
abrasive tool. 28. The nethod according to claim 27, wherein the

coating i gy@@pkddid Mlymesé sbamb: 29. The method according to claim 27,
wherein the coating is selected fromthe group consisting of a

f1 uori ne- doped)§anogRERESIE (6SRBA Bal 60RAGREF tROhYSE fpe@at i NG

nanocomposite coating and hydrophobic polymeric coating comprise one or more

additional dopants.

21.  The abrasive tool according to claim 17, wherein the coating is
hydrophobic.

22.  The abrasive tool according to claim 17, wherein the coating is
hydrophilic.

23. A method of forming an abrasive tool, comprising:

providing a low coefficient of thermal expansion (CTE) substrate as a
preform;

applying a metal bond to the low CTE substrate;

applying abrasive grains to the metal bond to form an as-made abrasive tool,
wherein there is an overall CTE mismatch that ranges from about 0.1 um/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.

24.  The method according to claim 23, wherein the abrasive tool has a
surface topography flatness of no more than about 150 um.

25. The method according to claim 24, wherein the abrasive tool has a
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30. The nethod according to claim?29, wherein the fluorine-doped
nanoconposite coating and the hydrophobi c pol yneric coating conprise one or

nor e addiwoaenaloog@pant s. 31. The net hod accor di ngPCo/USk@iom267
wherein the coating is hydrophobic. 32. The nethod according to claim
27, wherein the coating is hydrophilic. 33. The nethod according to

claim 23, wherein the abrasive grains have a CTE range from about 1.0
gnl m C t os@beu topdgthph pifiaeiESss of no mo@4hanldt@utred(heel. accordi ng to cl ai m 23,
wherein the nmetal bond has a CTE that ranges from about 5.0iunim C to about

20. Oiumlm C. 26 3Re nidiRod BERRHANEGE UANTS WOh&GhiRl 1t 2BrasiWaetos] Rad he | ow
CTE substrate has a CTE that ranges from about 1.0iunim C to about

10. 0i amlg%\gface t%qoggaﬁgygﬁpﬁsm@%m%%ﬁ{ﬂjoﬂﬁ (Sﬁ claim 23, wherein the CTE of

the | ow sub ers by no nore t Zm about 100 % of the CTE of the

abrasive graing, oy 3%, Jhe method gecord ng fe claim3s, vherein the

coating to a working surface of the abrasive tool.

28.  The method according to claim 27, wherein the coating is corrosion-
resistant.
29.  The method according to claim 27, wherein the coating is selected

from the group consisting of a fluorine-doped nanocomposite coating and a
hydrophobic polymeric coating.

30.  The method according to claim 29, wherein the fluorine-doped
nanocomposite coating and the hydrophobic polymeric coating comprise one or more
additional dopants.

31. The method according to claim 27, wherein the coating is hydrophobic.

32. The method according to claim 27, wherein the coating is hydrophilic.

33.  The method according to claim 23, wherein the abrasive grains have a
CTE range from about 1.0 um/m-°C to about 8.0 um/m-°C.

34, The method according to claim 23, wherein the metal bond has a CTE
that ranges from about 5.0 um/m-°C to about 20.0 um/m-°C.

35.  The method according to claim 23, wherein the low CTE substrate has
a CTE that ranges from about 1.0 um/m-°C to about 10.0 um/m-°C.

36.  The method according to claim 23, wherein the CTE of the low CTE
substrate differs by no more than about 100 % of the CTE of the abrasive grains.

37.  The method according to claim 36, wherein the CTE of the low CTE
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substrate differs by no nore than about 50 % of the CTE of the abrasive

grains. 38. The nethod according to claim 37, wherein the CTE of the
| ow CTE swb=brizioeo4di f fers by no nore than about 20 % of pChaisaioef261 he
abrasi ve grains. 39. The nethod according to claim23, wherein the

abrasive grains are selected fromthe group consisting of oxides, borides,
carbides, nitrides, dianond particles, cBN and conbi nati ons thereof

40. The neitkodtcaltfas 8y ng nicre Haniabb@rB0 Whetied OTE be tiribasivegrgnai ns are

sel ected fromthe group consisting of single dianmond particles,

pol y-crystal linpg di @HP%tIRﬁHchJd%?g toP¢ 14 BA, wiRlrSiWthe TTECONIMR o BNTE ST C, and

conbi nati ons t her eof . he met hod according to claim23, wher ein
th t t I
e retal o oot i, A D SO B VR AR LS el

accordlngtoc reint eIowCT trate is selected fromthe
group consi sti hg %ﬁ%\}%\gr%ﬁocgﬁ%cgf P%\}%rCIaéWdEZ gﬁ‘reléln@ caz’ﬁ%g?vr?agliagﬁsar?hereof.
43. The net hod accordl ng to claim42, wherein the | ow CTE substrate is
sel ect ed pelesied Fomythsuproup reamsisiing obox|devaborslss, aupides. Hiidesadigmradar and
conbi nati ons thereof.

particles, cBN and combinations thereof.

40.  The method according to claim 23, wherein the abrasive grains are
selected from the group consisting of single diamond particles, poly-crystalline
diamond particles, alumina, Si3Ny, zirconia, cBN, SiC, and combinations thereof.

41.  The method according to claim 23, wherein the metal bond is selected
from the group consisting of brazing materials, metal powder bond materials, and
combinations thereof.

42. The method according to claim 23, wherein the low CTE substrate is
selected from the group consisting of Invar, Super Invar and Kovar and combinations
thereof.

43. The method according to claim 42, wherein the low CTE substrate is
selected from the group consisting of Invar 36, Super Invar and Kovar and
combinations thereof.

44. A method of conditioning a chemical-mechanical polishing (CMP)
pad, comprising;:

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 um/m-°C, wherein the
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44. A nmethod of conditioning a chem cal -nechani cal polishing (CW) pad,
conpri si ng: contacting a working surface of the CMP pad with an

abr asi ve woabi1/b@sei n t he abrasi ve tool conprises abragcrasgoiaion=eroupl ed
to a |l ow coefficient of thermal expansion (CTE) substrate through a netal
bond, wherein there is an overall CTE m smatch that ranges from about 0.1
iumMmC to about 5.0 iummC, wherein the overall CTE msnmatch is the

di f f er encevdiell WaEniidreat il tht siffdredvedetwdea thbr @SEveisgraathns tAodbiakiee net al
bond and the CTE mi smatch of the | ow CTE substrate and the nmetal bond; and

ref urbi shipehdt Het m@rrﬂfetﬂggoﬁuraﬁlaq&e OfrE AREMR PRl Yok T HNRUARERSINEHE 001 t 0
conditionthe CWP pad.

metal bond; and

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

condition the CMP pad.
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