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
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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 dinension, geonetry, and surface

char act er diidns®n( ged@netrypland anifhee, clawiciaBeacy eughplssitybyurbiot hoedtepisgal and
mechani cal actions. [0004]During a typical CWVP process, the CMP pad becones

gl azed wi HPpe@l dhshidAfadEsbdidgicallftiipngecessi tates the use of a QW
conditioner (also referred to as a CWP dresser) to condition or dress the

CWP pad i er top S t he
gIaang aﬂgmrg5|due gkkgksakﬁaigﬁgﬁﬂﬁﬁé 1%§ﬁpygrﬁ%# (ﬁﬂes f&gh

er f ormance 0005 onditi fabrlcat using a
Pt &l bonBOHSITE SOk At stk fiey Be Seaoks bMF bondiione ﬁaé%ﬂ@ JBrasi ve
tool with a working surface that can condition CVMP pads. The fl atness and

t opogr aph§ (B\’IPtQﬁ@S%ﬂk corflidern pradEsc il W@t@@enmd@rquhnanmﬁﬂlec@lﬁangu oner
conditions a CMP pad. A CWP conditioner wth a working surface that is not
flat and amtessiust Enminatngtls glapogaabtegidue bllowsthe P pad caddiyer sthide CVP pad.
This type of topography eventually affects the ability of the CVWP pad to

provi de cpmgmaggﬁﬁﬁ@g“%nlforn1poI|sh|ng durlng t he CMP process.
Additionally, in applications where a CVWP pad is used to polish

sem condu dgﬂ waf er gopGafffita & 6nd§f?&1%9‘?§ radAdatdh by AL indtdiBHoNlighd of

i ntegrate cuit chips torne roma wa

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



SUMMARY [ 0006] I n one enbodi nent, there is an abrasive tool conprising:
abrasive grains coupled to a | ow coefficient of thernmal expansion (CTE)
substr at evOlowgbo4a et al bond, wherein there is an ovemralriusalifomi2smat ch
that ranges fromabout 0.1 iamimC to about 5.0 iamimC, wherein the
overall CTE msmatch is the difference between the CTE m smatch of the
abrasive grains and the netal bond and the CTE m smatch of the | ow CTE
subst r at etl@ndTE hesmeichlof bangbradi@Ogré]nsrand themerad bendacd tRNTTE fiemetchs a
met hod of form ng an abrasive tool

of the low CTE substrate and the metal bond.

[0007] In a second embodiment, there is 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 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.



conprising: providing a |l ow coefficient of thermal expansion (CTE)
substrate as a preform applying a netal bond to the | ow CTE substrate;
appl yi ng wbnasi/osg4gr ai ns to the netal bond to form an agcmaseoabsrs? ve
tool, wherein there is an overall CTE m smatch that ranges from about 0.1
iummC to about 5.0 iummC, wherein the overall CTE msmatch is the

di fference between the CTE m smatch of the abrasive grains and the netal
bond and BREEETESGRINRICKN @ THEEDRAWISKES substrate and the netal bond;
drying the as-nade abrasive tool in an oven; and firing the as-nmde

abrasi ve t(mby NFEG f UINAE emale & PefRhabMIN®thsiVer toBOhERPE ML UTE ah@ form
the abrasive tool. [0008]1n a third enbodi nent, there is a nethod of

conditi O“K&Qn&st&ﬁ%ﬁhﬁ&'@%g&ggi cal polishing (CW) pad that conprises:

contacting a working sur the CMP pad with an abrasive tool, wherein
t he abrasiy 00 opprises abrasive grains coupled to a | aw coefficient of
ther ol - oAb, ORI Ry inS s PEER Hbmvak gte! 2ot B Tonc PR Ok Her e 15 an
overall CTE mismatch that ranges fromabout 0.1 iumMmC to about 5.0

iam mC, Wwikeeditvenien.overall CTE mismatch is the difference between the CTE
m smatch of the abrasive grains and the netal bond and the CTE m smatch of

t he | ow Cl®13$UbsFHateisandatie oettadn tnamokcopBRRhdge sDESERItRT o DFicTiHE

DRAW NGS [0009]FIG 1 is an imge of a conventional abrasive tool having a
non-flat aptheloaaMS cFtaBRlsiveUtrhias &ithoPREY arimicied QTR laGexFank®naa TIHYRgE Of

an abrasive tool according to one enbodi ment of the
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



present invention; [0011]FIG 3 is a scanning electron m croscope inmage
showi ng the mcrostructure of the bonding of abrasive grains with a | ow
coef fi ci ewD 20f/wb@smal expansi on (CTE) substrate accor diPOg/uSe0100e2267

enbodi nent of the present invention; [0012]FIG 4 is a scanning electron

m croscope i mage showing a nore detailed mcrostructure view of an abrasive
grain showmn in FIG 3. [0013]FIG 5 is an inage of an abrasive tool made
froma | ojo0CSE sERSS.r dire 1B \erd gloss fllustrataidwefon sdnsdvahtats und agrotadpargr aphy;
[0014]FIG 6 is an inmage of an abrasive tool nmade from a stainl ess steel
substrat erange stability for wafers polished by a CMP machine 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



having a non-flat and inconsistent surface topography; [0015]FIG 7 is an
| mge conparing the working surface of the abrasive tool having a | ow CTE
subst r at evbaotieomer ki ng surface of the abrasive tool haerng2@ossrenl ess
steel substrate as a simlar load is applied to each surface; [0016]FI GS.
8A-8B are plots illustrating wafer uniformty for wafers polished by a
chem cal - nechani cal polishing (CWP) nmachi ne conditioned by an abrasive tool
for med acemipdraigret @oineheanhodiaifeds sodel btisstiatee et bond entli abrasivieOGdias FI G 9
is aplot illustrating the repeatability of the wafer uniformty results
shown in BESES. t084nBR; arNGblidify. 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



WO 2011/ 009046PCT/ US2010/ 042267 [0018] FI GS. 10A-10B are plots illustrating
waf er renoval rate and renoval rate range stability for wafers polished by
a CVP macwoneliooodst i oned by an abrasive tool forned aceordisegong2ene
enbodi ment of the present invention. DETAILED DESCRI PTI ON OF THE

EVMBODI MENTS [ 0019] Enbodi nents of the present invention described herein
relate to an abrasive tool such as a chem cal - mechani cal polishing or

chemni cal - thecteardr dakck pb anflat shape orH@WvR), herdad ifionetheomeckiaaiatprdshiag i s used
to condition or dress a CVWP pad to elimnate glazing and residue fromthe

pad, so tBRfecdsRoRaEs £a0h-dRIfbYElored 8PUR MRAdwhiRGs RRA f.9 L FBREGE s dHLEbiRg a CWP
process. It has been determ ned herein that conventional CWVMP conditioners

fabri cat g,y LA AR ke o8 (‘fe;?g%g%ﬁ aotfefhv\%MP gonaﬁfogg al l oy |ayered

(e.g., brazing nma materi a on t he substrate

and abr as;| rains y red on the net allo sce I haV|ng a
worki ng sUAPake t hat (?s?nléna]? S B oh b aer SPERe FRTEE ilodrhrHy

menti oned above, this affects the ability of a CVMP pad to provide

consi st entndgrgongrihe Breehamestal BISPTIRE PIOEFHIg A% sowpn bwél@fegaélouf olozloy THEagen- f | at
and inconsi stent surface topography for CVP conditioners fabricated froma
st ai nl ess18ttbeburfach s¢pomtaphpnefumaven wind homunédral badaliseysoaredd cddpmasion stilr ai ns
arises in the firing process of producing the conditioners. In particular,

the stai ntessinstel affodpeifoahidgRhe htchamedl hro®ingl pratdsoy Brasusehh@EiMB gr ai ns
are placed in a vacuum furnace heated at a predeterm ned tenperature whi ch

causes th gor{atgm{gmal Hi@Yndv@ SotPARd, %Jo%@&tenf""sfnl? %p%%ﬁ?\e eSS eR AR

substrate an rasive gralns an forma neta en each 1 nterface

(i.e., thﬁn&e@éoenrlgfg %C%le%flamca? pellress%lsgl greocgsrsalanrslee% il to prevent the thermal

deformation from occurring in the firing process of CMP conditioners.

[0023] It has been determined herein that the thermal deformation can be
minimized by using a substrate that has a CTE that more closely matches the CTE of
the abrasive grains. In particular, it is proposed to use a substrate that comprises a
low CTE material that closely matches the CTE of the abrasive grains. The use of a
low CTE material for the substrate obviates the CTE mismatches caused by using a
stainless steel substrate that has been determined herein as a cause for CMP

conditioners having a working surface that is non-flat and inconsistent in topography.

[0024]  FIG. 2 is an image 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



tenperature cools, then the stainless steel substrate, netal bond and
abrasive grains begin to shrink and solidify. Because the stainless steel
subst r at ewbasiiznopidgher coefficient of thermal expansi onPCULRpowaa261 he CTE
of the conposite layer fornmed fromthe netal alloy and abrasive grains, the
expandi ng and shrinking of the stainless steel substrate and the conposite
| ayer of the netal alloy and abrasive grains wll happen at a different
rate. | n pat thecbtal boidhe Astidedhesth, st €EF msivhatchat ehanalsbluex gfeder@adn shri nk

at a faster rate than the conposite |ayer forned fromthe netal alloy and

abrasi ve grm@ RewBECARHSEPeS of AGtciiaB MREGBIOkd) i TieSpreddht SnvEhBORUED ol GalFTES
causes a thernmal deforrmation in that there is a conpression that occurs

bet ween tEﬁfﬁ%ﬁhﬁkﬁ%?d&ﬁ%ﬁ%sSUbStrate and the conposite layer forned of the
metal all oy and abrasrve grains. This results in the conposite |ayer 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 sl &weialisheThkiMgmeathe of |[CHE..corpdsik.e.t.alyee Ths the &mperat ur e in
the furnace cools down to roomtenperature. A CMP conditioner that has a
convex su %%ﬁltopography will wear quickly at the center because it is
performng the majority of the conditioning at this |ocation as opposed to
t he edges which are lower. A CWP conditioner with a surface topography that
is non-fl and i ncgnsi stent because. of the conyex, shape will condition a
CWP pad i i am@mrnéfﬁwamﬁéﬁﬁ@r&ﬁorﬁés@%n‘fﬁ ?%F??l"ﬁogr?@ﬁiaﬁﬁ theRetal ons
performed by the CMP pad will be inconsistent resulting in quality (e.g.,
defectivi bydd;ang yield issues. [0021] Attenpts have been made to correct the
convex surface topography that arises fromthernmal deformation in the
firing process of the CVMP conditioners by using a nechanical pressing
process. artic r, ajload ; tQ, 10, 0 | b IS lied . to the
wor ki ng sk??gégwffezgwmawigéﬁsgﬁéPgﬁHgy%ﬁgq%%gﬁ’eﬁ558§%@%%“%§5?“F%%n1near
the center back to a flat shape. However, the |load fromthe mechani cal
pressi ng pemtess provides a non-uniformforce on the abrasive grains and as
aresult is unable to satisfactorily correct the surface topography of the
CWP conditioners. [0022]FIG 1 is an inmage 10 of a conventional abrasive
t ool that [(12S] undergbregrhing roR€ hanhg Araips SSsdhNEanPpRERIRSabrAfing haktnd)y t he
vari ous shades in inmage 10, the surface topography is uneven and
non'un'f058&@@&9%%6&5@@?(ﬁE%Q%ﬂ&&ﬂQQné&ﬂbhqkﬁﬂ%%ﬂ%i%&ﬁnA@R&%&hQ&ﬁRQr”‘ng
t he nechani cal pressing process. Because the CWP conditioners still have
non-flat gpd.¢ HEONS] gf»a%‘st 3 356 gé’é%oﬁr @BQ Rmeitd GF tfffst ]?;'lrveT#&%e{ng 4e9 @

r S the therm

nmechani ca pressi ng 0oCcess, a“"heed exls 0O preven

def ormation from.qccurri i.n.the firi roce of CMP, condi t|oners.
oxides, borides, car 1({168, nitrides, dlamon(i1 gar?lcles, [ %\I 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



[0023] 1t has been determ ned herein that the thermal deformation can be
mnimzed by using a substrate that has a CTE that nore cl osely matches the
CTE of thwoabriambose grains. In particular, it is proposedTiUS2U8A4R67
substrate that conprises a |ow CTE material that closely matches the CTE of
t he abrasive grains. The use of a low CTE nmaterial for the substrate

obvi ates the CTE m smat ches caused by using a stainless steel substrate

t hat has heeniallét @lgttadeflomeaheigfoupscoasistns of Trofr GYPSewndntar gheas 3D3Yi ng a
wor ki ng surface that is non-flat and inconsistent in topography. [0024]FI G
2 1S an i gRPRovR 4l cemballias usebPol 25 according to one enbodi nent of the
present invention. In one enbodi nent, abrasive tool 25 conprises abrasive
grai ns coupl ed to a |l ow CTE substrate through a netal bond, wherein there

is an ove CT S8 ﬁ%r Qﬁpﬁ out 5.0
bum m G, 2 mﬁl e ovté’?gﬁq E gﬂ@rgr(gtt{:ﬂlgl St 3‘9? ?Tg{regﬁ%:tgh%et%n\%elgﬁ the CTE
the T ow Cit ‘“egﬁwﬁsf DRl I BT RETGGEREILIRE 5 BRE B ormt on
is the absolute dlfference in CTE between twp types of nmaterial. Therefore

in the prB8SEhoond s fr@méhw&ualqoneﬁ@w%bfﬁwa mageripds.i gyl payvdeyer al |
CTE M snmat ch =net al bondne 11CTE abrasi ves - CTEl- 1CTE substrate - CTE
t al bonci | bond materials and combinations thercof. 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



wherein 1CTE abrasives CTEetathondl is the CTE m smatch of the abrasive
grains and the netal bond; and 1CTE substrate CTEetathondl is the CTE

m smat ch wod 20h@obaaey CTE substrate and the netal bond. [ ®@0ZAjSAasizée grai ns
refer to any grains which can provide abrading, cutting, polishing,
grinding or other material renoval properties to a tool. A non-exhaustive
list of abrasive grains that may be used in enbodinents of this invention

i ncl ude oxutdepattdonyd clése paaihiadesagdiial patces, a dhompinshtiear, tai spireispatteN and
conbi nations thereof In a preferred enbodi ment, the abrasive grains may be

sel ected f{raMohhBatfi@URhdCdRYiSdiond 0P fud Imdeﬁlsdl Iﬁ ra'aaﬁloaalsﬁé & Bdre sub-
pol y-crystal line di anond particles, alumna, Si3N4, zirconia, cBN, SiC and

ratorial RS Gle o AR d bR T BRT AR cofuf 1 ?‘ﬁ%%@# Behs, ™™

10. 0i amlm-.C. . A npn-exhaustive |list of, | ow CTE sub ) eriial s . that ma
be used i S0 APREHE LR RAFES (R e Tt oS 2141 (A oPa dl%&b@ﬁed OIEF and

Kovar . referred enbodi nent, the | ow CTE substrate material is

sel ect ed ﬁtrhs teheanghougsd @ér@iﬂsthsgieéﬂsma@aﬁter%thasb@)\@rbqen@éaceé ith¢igher 32- 5)
and Kovar and conbi nati ons thereof. [0027] The abrasive grains are coupl ed
to the | owr@idens dixsilnaioe aregattcimell dittributgin, a self-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] In 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 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.

10



the netal bond. In enbodi ments of the present invention, material used to
formthe netal bond is selected fromthe group consisting of brazing

mat er i al sworretizlos@ewder bond material s and conbi nati ons PChaSe@/ 042267

non- exhaustive |ist of exanples of brazing materials include BN -1, BN -1Ia,
BNi -2, and BN -6. A non-exhaustive |ist of exanples of netal powder bond
mat eri al s include nickel -based and iron-based brazi ng powder (brazing
filler nmef@3)] Thoseuls&f hdvadh dmabirigveatobl shial isck @ dow AR suthakte tthe nsekect i on
of materials and the dinensions of the material (e.g., thickness, particle

si ze, etPc]_)osél?ﬂ?a't‘éir%s%@”l"Eo?ﬂf%Caibfrds%tgbél%lsttﬁﬁta QPRcHRPOLR ?h}tr MahAWRWi th a
CWP conditioner. Approaches that can be enployed to formthe netal bond

bet ween the, ?Px%s?s?én\{ecaﬂ %%'a%m%gd cBS&at%IF%%u"%%E&“c‘?\/lﬁ%ﬁ{ilhgherk ’&gh“de but

are not II'm to bra2|ng and sinterin ose ski e art

wi |l recognize |or to bo g the abra5| rains.to the | ow CTE
Subst 1 at o e PaTETREn e HBIOwE A ACBbE Tt TRBOSARE BB g
material and | ow CTE substrate to form one or nore patterns that can be
used to f8ntes iddes ped-touratlar datnspodevagiion aftihe CM%@B(%W@@WW WORFIAg or
dressing CVWP pads. In enbodinments of the invention, each of these patterns
can have mhﬁeetskmMaMMdemhmefanﬁmedﬁmg&mhyasobmﬁwdqnyu@mghqmeﬁbﬁm&he
pattern. In sone enbodi ments, the shape of the patterns is adjusted to be

simlar tedhe shape WibasuRe3 D OWrGTE Psefishbat eharaikey i @it @ight chriomatibe | ow
CTE substrate naterlal has a circular side, then the pattern can have a

circular g Iﬂ”ﬁlees af é}%ﬁﬁ &fbddididks, CaR pﬁcr’dt Mchafd 315‘%11‘ gca face
cu |c patter onbi c

centered c a cubic pattern a hexagona pattern,

pattern, atter a_ran tions of uch

Pat tor ns. Pronoidies RahbEherd (GRRUT AR SR up RO AETER SRS R0 B o
patterns may be cqonbined to for xed patterns Rand rasive grain
patterns (NQT lgng s @teetodp%ﬁSH”se g]f{%}?%ﬁ?‘sw&"g]te?% blit et ofi’inaltorﬁiémgf%s fate) can
be used as mell Besi des using patterns that have been placed in either a

r andom di step isratuiseth fayrthp atanetepod visstboibiR-0 o i thee faxgpvasidadbegt 23 h@om

di stribution (SARDTM devel oped by Sai nt-Gobai n Abrasives, Inc. can be used
so that therie thsXrxis. epleaitsy@iriractoss sacidagpca to Oalddyr fanose dgviatiicm bffthe zones.
[0029] I n order to have the abrasive tool attain a CTE m snmatch between the

netal bongapd (HIt), QalcE RiShdeatigmalddéhgiaPi@sT e refenbs @nehikhe neta
bond that ranges fromabout 0.1 iammC to about 5.0 iammC, it i5

oo o %@8@%@%?{)@ Q! Mlan WA TRl fﬁ%ﬁ“m@?% g E oo
E
D 6o F ot e e BierrdB e 0T ASINT (78 Dot Bndne B OPE seel RAIE fLOT a0t

from about 5 OiamimC to about 20.0 iamim C, and the | ow CTE substrate has
a CTE t hathecinst savare metedabdhesc1vaugsarein then dowmase Il aifing @SCNot e t hat
in these enbodi nents the CTE val ues were neasured bel ow 300C. [0030]Wth
respect tecledied altref$ ivalme go aialvs]ate e thoiulCEEamswb streaat & hadition,i wargness

enbodi ments differs by no nore than about 100% of the CTE of the abrasive

grains. | pa@indefs endhos BEMnsetict Mead Awibidn sBksd badessedi frbofiles rbt-ganor e t han
about 50% of the CTE of the abrasive grains. In a preferred enbodi nent, the

| ow CTE S%’cfﬁ}é @RMSﬁ“(fefvﬁ'ﬁénQﬁf tHO VL&t f)}%ﬁleattgﬂdl héigHe gf tﬁ@ﬁrog[g offththe

abrasive gra

O

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

11



10 WD 2011/ 009046PCT/ US2010/ 042267 [0031] A result of having an abrasive
tool that uses a | ow CTE substrate that nore closely natches 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 Mcro NbasureggD Surface Profilonmeter was used herein to profile about
a 96 nm by about a 96 mm area of the working surface to neasure both

fl at ness Vi : | §h%§ t he scan
regi on magﬂgggﬁth?%&%n}gﬂ??ﬁﬁ%ﬁgﬁgggiﬁgqgﬁg)gg%ﬂﬁgggb. g%?@ﬂot%%rx-axis.
Fl at ness paraneters such as peak,to valley flatness, deviation pf the

surf ace ( P e yBo s ieeitieY BRuREnt bi b dsEimnsdHARTO AT HICH hdiince o
val l ey fl atness,  deviation (FLTy) and root nmean square flatness deviation
(FLTq) wefamed fram Sheetbradvoiog aé hay apsHEfagegiopegaphy Hetastaidncomotndapasi 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
vall ey depth within a sanpling I'ength and maxi mum hei ght of the profile

within a sanpling length were cal cul ated. The values for these paraneters

vere CaL SRR oLl IRk SR AR IS MG UBLASBETS,
over g% O Bhh DA IR) S A bR b U2 RPLR SEReth o
is used as a preform. A layer of metal bond is applied to the low CTE substrate and a
layer of abrasive grains are applied to the metal bond to form an as-made abrasive
tool. The as-made abrasive tool is then dried in an oven. In one embodiment, drying
the as-made abrasive tool in the oven includes maintaining the abrasive tool in the
oven at a temperature of about 260 °C for about 8 hours. After drying, the as-made
abrasive tool is fired in a vacuum furnace at a predetermined soaking temperature. In
one embodiment, the as-made abrasive tool is fired in a vacuum furnace at a soaking
temperature of about 1020 °C for about 40 minutes, where afterwards it is considered
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

12



in the above-descri bed manner, it has been determ ned herein that a CW
conditioner fornmed fromthe abrasive tool 20 has a surface topography

fl at ness wb 2n0/00m046 t han about 150 um I n ot her enbodi meatrdis2aie4=arT f ace

t opography flatness nmay be of no nore than about 100 um In a preferred
enbodi nent, the surface topography flatness may be of no nore than about 70
um [0033] A CW conditioner formed fromthe abrasive tool described herein
i S obt ai neshédint doatdcomlithvd GYIRTpaher othémsueh@otisitinglipa®nin oge t@bodidkEnsubst r at e
material is used as a preform A layer of netal bond is applied to the | ow

CTE subst ﬂﬁtc%aﬁﬁgisaco'n%)ﬁ%h-r@ﬁst%f aa! ‘éﬁicﬂfa@] tAs c@étﬁhgarﬁﬁ’;l' B@ﬁ’elé&ec} hemmt al _bond
to form an as-nade abrasive tool. ?he as-nade abrasive tool is then dried

in an ove n . i . dryi - i v.e i.n.the oven
i udes. R SRRHEEARch dERrine otk b ontRARE A A3k HE K BRppbile" O
about 260 for. about 8 hours. After dryin t he --made abrasive tool is
frred (n BOWHRTE MR hace e bhate: Bithedn SRRy TobsRr i Game n_one
enbodi ment, the as-made abrasive tool is fired in a vacuumfurnace at a
soaki ng t Bwpeeatiiveringteda BieneoPeprlene r(FEBbuparglones sigt ether viluarercsipr er war ds
it is considered that the abrasive tool has been fornmed. Those skilled in
the art wecédtingecoghiase shHed tine thoakt nyilt erpegmtairtbatanbe t flu@ircadopedry and
that other values may be chosen. [0034]1n other enbodinents, after the
abrasi ve ha@lcohpssikeRatih@idtellydrépiobat polgmeadcddeinadRph t&dpiR che\Rmkdrdd
surface. As used herein, a working surface is a surface of an abrasive tool
such as a,&Vio@NAhioneh LAherIUhbaEMERETRL IBRtiARRS BONREDpRIbid D CONES
in contac? mf?ﬁlgg@NP'pagor a?her suc boﬁ%gﬁ?hgapag. Iﬁ?%ng eﬁ%oainent,
the coati IS .corrosi.on-resistant. l.n particul ar he coatin be
selocted TruRTHRR" BRBHR YeaRBid: Atprbrs PRphibi nd wadte HERBL BRR SR
coating and a. hydrophobjc polyneric coating. A non-exhaustive listing of
hydr ophob FRHIIEREFS Emwgfiilwgmmﬁ)@%ua%npﬂ 36% Regvepret hyicBharPi@pgr ene
(FEP), parylene, and other fluororesion coatings. Those skilled in the art
wi |1 reco§eiiadeNohat/18m84 Ieubﬂftdwéloet@ﬁﬂed-l%:farsta@brﬁ%‘dgi(E@ldmmmgwgf oalsdAnd

hydr ophobi ¢ pol yneric coating can conprise one or nore additional dopants.
| N anot he Meelidaie dHordidking Aad dixind Sgneeiieden Myl D00 o/hivh ik yieboogirated C .
Details on aspects of applying a coating to a working surface of a CW

condi ti ongy reeRnBE AV itsleakire), CRANBBAN ARSI GHo dRmdRIAMcSHADSdmpRttE Nt
Application Serial No. 61/183284, entitled Corrosion-Resistant CW

Condi t i oni.ng: - Mgt i i A op_June 2,
2009,  whi SERESTiEE RO, RS dile B TS, PARLNATDs T2 bR Ry
i nformati gn _on dianond-l.j ke _nanoconposite. coati.ngs descri bed, . for
exanpl o P DRARBHLikD NGOISSPAES ONRHGH 1 GRS AN GCEPSHBIE | ke
Nanoconposi te or Doped-Di anond-Li ke Nanoconposite Filns, issued on Cctober
4, 1994 t Bilmsr fsaegd e Qgtoberthel R9datohPagfenast ctudli, cthe deachings sfpwhighedtC her ei n
by reference, in their entirety. Such coatings typically are anorphous

mat er i al sirchgoa¢d hicred tyy rifercregp anetheat ¢nigetyanSoch weatnmaskypofally are

predom nantly sp3 bonded carbon stabilized by hydrogen, glass-like silicon

st abi | i zegmbiphouy gfatediald rchagerrines Woy K mt&he@dt@iBNt Sarldomm ddtworks 7pfand 8
groups of the periodic table. Layered structures such as described, for

i nst ance, f-'e'aofﬂirﬁntlﬁ %ﬁ?ﬂ&nd%ﬁthb%ﬂts-{agﬂizggﬁ&ﬂ&d&@en,@%h@%%ﬁﬁ%ﬁ stbiligat i ng
Cowpr|5|n8 Layered ructures of Dianond-Li ke Carbon Layers, to Jacquet et
al., publ b}s} %%%é’n” ar'?‘d" %Jnsdtomlﬁetho%gstf tepe?nents 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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teachi ngs of which are incorporated herein by reference in their entirety,
al so can be enployed. [0035] FIGS. 3 and 4 show scanni ng el ectron

m cr oscopwoi20ag®s04showi ng t he m crostructure of the bon#cmgsedioabrasi ve
grains with a |ow CTE material substrate. In particular, the scanning

el ectron m croscope image 30 of FIG 3 shows the mcrostructure of the
bondi ng of abrasive grains 32 firmy bonded to a | ow CTE substrate 34,

whi | e t heteacldngy oweickaid DRorpocdtabbapa hynrbacdd iafthdtt Catirdtys bdwgah bet her
detail of the strength of the chem cal bonding between a particul ar
abrasive gngigjed2 and the | ow CTE substrate 34. In both inmages, the

chem cal bonding of the abrasive grains 32 is firmy in place with the | ow

CTE subst (ﬁ)tﬁ 34 ?(Fﬁj 3 tang;i ﬁt EQA\%@E&%I n%%tec{r&? %‘s%e%agg? %hé%%@' tﬁged

[ 0036] Af er orna i'on o Foner Tromy rasi ve-t ool

descri bed herein, the condition rea us to co d| |on or dress
2SO padmREE At RUHTE B HrRrn et ¥k 8 Ter ¢ HE TR SR ont act ed
by the CVP conditioner. Refurblshlng of the CWP pad be ? ns |n response to

the CVP cBhdrticolier theaRGangin€opiealEan WRIERseane BRI 31y cd HPWsHECCVP pad
during conditioning or dressing operations. Exanples [ 0037] The fol |l ow ng
provi des paerbitouwhare ofxthorboedingfofGPastandiainsodi2 firmby dsnded tooollewfGFEed
according to enbodi nents descri bed herein. Exanple 1: [0038] In this
exanpl e, gutsiiReCPNAWhilORRY soMRBinpOglBREbn| AddFodp@imagd Ve &OPIG. 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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conprising abrasive grains coupled to a | ow CTE substrate through a netal
bond. In this exanple, the abrasive grains were dianond particles, the

met al bormwtowasl/00M4EROBRAZE and t he | ow CTE substrat e wa®Cirrosario/odize7
abrasive tool used to formthe CWP conditioner in this exanple was forned
in the aforenenti oned manner. After formation of the CWP conditioner, the
M cro Measure 3D Surface Profilonmeter was used to neasure surface

t opogr aphWI€ R OBRSAE andlthadyw (ERS subAgats vawinvar. Mivagerasi©e edol bk&d toForrh he
surface topography of the CVP conditioner is generally even and uniform and

that therge MO chifii&Rl 1IANhRT 28R SvadSbAORTA A afopiRERLEY SnderaiPl e 1
[0039]In this exanple, a CMP conditioner was forned from an abrasive tool

I ; ; ‘ . o ouah
conpri sl “%ﬂ%{oﬁo@@h@n at gfﬁprlﬁ\él?%t‘dﬁléﬁg%éroth% Nﬂcgé Mt %be§ddfa%8 tﬁ%ﬁl@hﬁ@ rougn a

nmet al bon abrasive gralns were dianond particles,
the netal bond was NI CRCB%ZE andPa]thef%ﬁ)%i nl ess steel @u strate was 430SS.
Thi's abr a¥y #5400 MEELUre WEFCE BPPOSIRNY StOHdlVeY'8Rer hSofe di'8Pehent i oned
manner and the Mcro Measure 3D Surface Proftlometer was used to neasure

surface t&pOfraphy. the surfacstopagrapky phewsCMRscaWigier is gmatdlysycefnd| G 6,

t he surface topography is uneven and non-uniform because of the deformation
t hat ar i sesifivecaustbatahert hendCificatismaf sivelsatcfwentiome 430SS substrate and the
conposite | ayer of the abrasive grains and netal bond. The CMP conditi oner
made W t hCoh@atative EXmpllastrate Invar is nmuch flatter than the CW
conditioner nmade with the stainless steel 430SS substrate Conparative

Exanpl e 2'[0039] In this example, a CMP conditioner was formed from an abrasive tool
comprising abrasive grains coupled to a stainless steel 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 430SS. This abrasive tool was
used to form a CMP conditioner in the aforementioned 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 because 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 ecach conditioner. In this example, a

pressure sensor sensitive film was placed on the top working surface of the CMP
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[0040] In this exanple, the CWP conditioner nade fromthe | ow CTE substrate
I nvar as set forth in Exanple 1 and the CVMP conditioner nade fromthe 430
SS subst reDeoramoses forth in Conparative Exanpl e 1 wer eppmtusandes2ehe samne
|l oad to determne the |ife tinme and perfornmance of each conditioner. In
this exanple, a pressure sensor sensitive filmwas placed on the top

wor ki ng surface of the CWP 15 conditioner. Then a | oad that nmay range from
about 10 thaslifiencabdiien 20all ibatwasy phraeefiorarbobie 10 ¢ woitkdund0eubs aae of t he
CWP conditioner. After unloading, the surface was anal yzed to determ ne the

t opogr aphyjaeéd bmhmﬁmﬁkiggrshﬁs@e of tHheMEVE it i ORREr udiBadiflé, Sthexanpl e,
as shown 1 n inmage 70 of FI 7, the CWP conditioner made fromthe | ow CTE

bstrat j_f i th
subsLrat e NG RS L B L SRS AT St e LN Lhe

diti LIl h N dlife ti i St . On
condit ] onet bl MaYG LT Yed L Lot and, et Lo rance enclgheney. O

non- uni f orm wor ki ng surface and therefore nore of the abrasive grains wll
not be i nywHy&em wetpw (RPsestaictnwHi ey 2 upkiesm wakingspffagnemdctbesforehi s owpP
conditioner is not as good as the CMP conditioner having the | ow CTE

subst r at emonw af theExtaapi e gling 908D involvddli ;1 e didPeconditiOiec oblis, itlieer was

formed froman abrasive tool conprising abrasive grains coupled to a | ow

CTE subst Cale cédtfist@h wall ev@lmpond lifenimabid petfd@mantheomdltaasy veOnghai ns wer e
di anond particles, the netal bond was N CROBRAZE and the | ow CTE substrate

was | nvar g Ehga Wnﬁﬁ%nﬁfﬂﬂah@ fohPmk g ? |JY/ @fps@itd hta;bg nSh R0

particles were applied to CROBRAZE to form an as-nmde abrasive tool.

The as-nmade .abrasi.ve t ool s dried.in the oven at.a tenperature of about
260 & for a0k S5 S ahd e Bl M0 bHE S Y Cad FEGLANELR e F Py o
in a vacuum furnace at a predeterm ned soaki ng tenperature of about 1020 C
for about COB RIKNRQINNG. o1 RSy FRccIEloRBRIESI o dhip SOYP CAPdIPIaTdY ARiASROBRS t he
abrasive tool, a fluorine-doped nanoconposite coating was applied to a

wor ki ng sthef@¥8 conditinecraigriagithelomoGOIE splpo4R] InTére abr asi ve tool formed in
this exanple was used as a CMP conditioner to condition a CVWP pad of an
AVAT M r aEcRpivEchi ne that was used to planarize or polish sem conductor
waf ers. The polishing paraneter settings for the AMAT Mra CVMP Machi ne

i ncl uded m}}d«mpl alL phi§ RR&Gplcal €MP8Geli SRRE dvasNRIMRER TR R BSSHhEvapsbl sl urry

anount , ile the conditioning paraneter settings included the node, down

rovoruti ofe "By e TEE iy bl o SIBTE B sl Aol 35FD YR, ooy ane

pressure was. set at 3. pounds per square inch (PS nd slurr nmount was
set at Zoﬁa‘%ﬂ%a’i ré‘i‘b‘%élrvemg % /?jﬁapﬁo,ngt Hémaﬁ%feat%sm?tﬁ{s , "d#dwn force
was set at 7 pounds per force q(:I bf) and di sk head speed was set at 93 RPM
[ 0043] FI SICBRBRR\ZE cngd) the Joy| CLEt substratg) Wit Bivatunifhe N GROBBA AR s

pol i shed by the AMAT Mra CWMP Machi ne that was conditioned by the CWP

condi t i oneppliedrtongttt Inwatt dvidsthe xleamping. palrtinclgrawticcapbhed toRhGNIGR GBRWEEdo pl ot 80
of the renoval rate (RR) of a wafer with the CMP nachi ne as neasured from

the edge @i diam@b@s aliresivd ot eMhe hs-made hibratike tdll hek deidden (i sleance from
the center (DFC)) after a polishing operation. FIG 8B also shows a plot 85

of the RRi\ESHFtdTebBE S 60PUE 8 hiftfut & RS At HARKS, RS 2VVRLEE SoRGYE been

polished at 'particular different times. In particular, FI G 8B shows the
pol i shing, resul t fter the AVAT Mra Machi ne, was used. to lish up to
599 wat or o7 s Ted bl Fneuiu AR % e RN RIS PRy 28,
waf er 137 fer. 337, fer. 496, fer 676, and wafer 999. The plots of
Fls. 8A B8 hot HoE ﬁgwtlhﬁéﬁmflwés MRS Uh 2 Vel nd it a@yntqfetﬁevp
conditioner formed in this exanple generated wafer profiles that were flat
and consi sbresive deolireagueran-dapeeh nghecaappsitofecoptieg web eapplicd te Heiworkiaat er s and
to the other edge of the wafers (note that the neasurenents plotted in

FI GS. 8A- sBfasewétlebibaisivedodly usi ng a full point probe
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to scan the wafers after perform ng each polishing operation). These
results denonstrate that a CWMP conditioner fornmed from di anond particles,

NI CROBRAZAEO2nd/dososar and coated with a fluori ne-doped naooasapodi12e7 coati ng
directly affects wafer profiles in a manner that |eads to nore uniform
wafer profiles that are consistently flat. [0044]1In order to ensure that
the results illustrated in FIGS. 8A-8B were repeatable, another CW
condi ti onfy04a$ d@henbragide aodv@nicarin this sxagpadpheusvds A Paodditises to n
conjunction with the same AMAT Mra CWP Machine to polish wafers under the

sane machigRlifd 20RIEHSd S€id ANIST Mire CWBP #lacRin@fthdt SvTRASHIENBMZc®F t hese
wafers are illustrated in plot 90 of FIG 9. In particular, FIG 9 shows

agai n that _ithe i i . At} .. of this
exanpl e ggg%@ae@@ﬁ%ﬁh@??wggg?ng@kﬁggﬁ@%ﬁ%a %%Qgﬁ cgﬁgﬁg#%%$@§gngeasured
from one f the fe to their centers and to their other edge. Mre
speci 11 cat g Mectinegnd Rt e i Recdarait pref el Tabfiete SbnSIeaatc i v 11 a
over 1000 wafer polishing operations which extended over approxi mately 18
hours of slagyiampunthykile %eoeondalqmngp@amgteg lefiet Hefudeddhe axager dovm Fi GS.
8A-8B for a CWP conditioner fornmed from dianond particles, N CROBRAZE and

| nvar andfaocatreddisk héndasptedionithscdappld, thampbaanyesd has sgat Dh gewsdutens
repeat abl e and denonstrates that this CMP conditioner assisted in

gener at i N@erCASiteSRENNI), andertithl 9psBdWadsaket B OFf RPFE mdn4id frkésbre w¥sct0B show
other plots illustrating how the CWP conditioner forned from di anond

particles I%&Rﬁg : qu)lgﬁa 1 rHaaes
nanoconpogti tﬁ\lg coat ng%qﬁﬁgslhgﬂégss???\(}e e fg?wl%tgwﬁg&g%%o?ﬁ?ﬂggg? Izflglfers. In

particul ar,. Fl 10A shows, a pl.ot .100 of .the renpy rate versus the
anber - of Mfe /BB BRARR Bhitatnd B ERR Kas AR sk s et

condi ti oner  of hhi s exanple. In particular, FIG 10A shows that the RR from
0 to waf eﬁn‘hg‘él@ fdsorss WF‘%S%HW%ﬁﬁM-stent. FIG 10B shows a plot 110
illustrating the range of the RR over the nunber of wafers polished. As
used her e[#431 heFIanger-6B arhielorRiliustrating wiefei waifarRRyrfonwsfoarhpolshed hym RR. As
shown in FIG 10B, the range of the RRis mnimal for over 1000 wafer

pol i shi ngsheahml AThMEral GMiPNdhdaiid that whs eondétioned babheChvimnditionat formeti s
denonstrates that a CWP conditioner formed from di anond particl es,

NI CROBRAZE, giidexafipdd. RNfrEQdreBIM g siwsl 49161 8@ ol IReEMPIAREOTRRFbE§ coating
directly affects wafer profiles in a manner that |eads to nore uniform

waf er pr ol k&S AL (RIS HEOMALS! BOLLYCT haknd ORI Lert eudiaglagyre has

been particularly shown an escri I'n conjunction w preferre

enbodi nents  thereof,, it. will_.be reci that vari ati ons and
T 1 oot Tooe S e sty FBBR Bhrie Al aRte BT AN FIG (6 16
be under st ood t hat thebg;pg%ended clains are intended to cover all such

nodi f i cat PBradscashevenan aef tha| RR wictsyp the REG, buk afpyi ¢ igreas numbegiofc| osur e.

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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CLAI M5 What is clainmed is: 1. 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 iammC to about 5.0 iam nC, wherein the overall CTE

m smatch is the difference between the CTE m smatch of the abrasive grains
and the netal bond and the CTE m smatch of the | ow CTE substrate and the
met al boneh scan the vlaferbheft@bpasoneng cakh agdishidigngpdraticl)ai Mhise whsittei n t he
abrasive grains have a CTE that ranges from about 1.0iamim C to about

8. 0i anlm Gemonstrate that a CVEP BRHRGINLE 3Rl fRME latidhe ﬁaﬁi&és?N‘ICﬂ{OmEi n the
nmetal bond has a CTE that ranges from about 5.0ianmlm C to about 20.0i anmlm C

_ that | 5. 01 arftm € to am
cubst rat o sV HETPHAE 0% (REFREHCRY hihoRb FL RS, i
5. The abr asi . di t llaim1, wh in t brasi '

el et ed MG PRERGY Bup BONSTShI AT BPass UWOPT aur PR Irde RELr dos,

di anond particles and cBN and conbi nations thereof
consistently flat.

[0044] In order to ensure that the results illustrated in FIGS. 8A-8B were
repeatable, another CMP conditioner as described above for this example was made
and used in conjunction with the same AMAT 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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6. The abrasive tool according to claim1, wherein the abrasive grains are
sel ected fromthe group consisting of single dianond particles,
pol y- cryswal2bimeodsanond particles, alum na, Si3N4, zireomuws20i0BM265 C, and

conbi nati ons thereof 7. The abrasive tool according to claiml
wherein the netal bond is selected fromthe group consisting of brazing
materials, nmetal powder bond materials, and conbi nations thereof 8.

The abr astx#nglooln padoulad, FoGE DA kladws that thh ®Refromt e wefet CI0D wubsiblate s
selected fromthe group consisting of Invar, Super Invar and Kovar and

conbi nat i gne dREEGRS FIG. 10B sbwsINBlorAN BSiEratifO theAa RO &f Y K0 oGéahin 8,
wherein the | ow CTE substrate is selected fromthe group consisting of

| nvar 36, 3y &fof*d?'a‘lfg{s r?g’ﬂ e'é?’"f?sfus%@‘ﬁe%ﬁﬂ%é‘%%%@?t&%ﬁ%fso{hﬁm ximu The

abr asi ve Poo accor 0 claim érein e Tow

arai ne. . minis g SR BF0CRs s i BKE JH Hhs eBEhLdD s WHGPEL Bt he CTE
of the | ow CTE substrate differs by no nore than about 50% of the CTE of
t he abr asPv&s 19P8iwpder 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.
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12. The abrasive tool according to claim1l, wherein the CTE of the | ow CTE
substrate differs by no nore than about 20% of the CTE of the abrasive
grai ns. Wwo0?2011®9046he abrasive tool according to clai m PCTiisesieiom26he t ool

conpri ses a chem cal - nechani cal polishing (CMP) conditioner. 14. The
abrasive tool according to claim 13, wherein the CW conditioner has a
surface topography flatness of no nore than about 150 gm 15. The
abrasi ve CogliMsccording to claim 14, wherein the CVWP conditioner has a
surface topography flatness of no nore than about 100 gm 16. The
abrasi ve yaghiagsadifg to claim15, wherein the CVP conditioner has a
surface topography flatness of no nore than about 70 gm 17. The

abrasi ve 100l gecor dingulg, ¢l AhM & WSL el il COR, COngichi aner §omer i ses

a coating applied to a workrng surt ( con oner.
e e S RSRL L 2 Tyl RO SRR SRS SO el 17
wherein t ihseancoov%gaillngﬂismismatch 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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selected fromthe group consisting of a fluorine-doped nanoconposite
coating and a hydrophobi c polyneric coating. 20. The abrasive tool
accor di ngvoaocl/mpews 19, wherein the fluorine-doped nanoceopaskaie/oer2at i ng and
hydr ophobi ¢ pol yneric coating conprise one or nore additional dopants.

21. The abrasive tool according to claim17, wherein the coating is

hydr ophobi c. 22. The abrasive tool according to claim17, wherein the
coating i & RyldetophfrbmcCthe group 28nsidingebliotvef $@rem mgaarndbKasavend ool ,
conpri si ng: providing a | ow coefficient of thermal expansion (CTE)

subst r at e @abiaatsRfiRs83r appl ying a nmetal bond to the | ow CTE substrate;

9. The abrasive tool according to claim 8, wherein the low CTE substrate
is sclected 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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appl ying abrasive grains to the netal bond to forman as-nmade abrasive
tool, wherein there is an overall CTE m smatch that ranges from about 0.1
ium m C twoabowtw®@s0 i um m C, wherein the overall CTE mpsmatsedioiog226he

di fference between the CTE m smatch 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-nade abrasive tool in an oven; and firing the as-nade
abr asi ve t@ealted from thurgh@gecaisisang b€ ddluerintldeped hanoogmpeviteesoating end ® form
t he abrasive tool. 24. The nethod according to claim23, wherein the

abr asi ve hg@bpmcﬁol?‘%ﬁ@g@atﬁ@pogr aphy flatness of no nore than about 150
gm 5. The nethod according to claim24, wherein the abrasive tool

h f fl . h - 26.
The method acchrar nat aleraraedstioRingh OREE G SARRPH: At Roped, (oo

topogr aph}{arIolcgrtntssifQé gofati?lg an r1(1:"ydt1rohp %b%bgéi%ngc %ronating 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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27. The nethod according to claim 23, further conprising applying a coating
to a working surface of the abrasive tool. 28. The net hod accordi ng
to cl ai mR6,201ves@bn t he coating is corrosion-resistant PCT/US201089226The

met hod according to claim27, wherein the coating is selected fromthe
group consisting of a fluorine-doped nanoconposite coating and a

hydr ophobi ¢ pol yneric coati ng. 30. The nethod according to claim 29,
wher ei n t hefdck tigrogreph daadsyeheoasieakart shouodd0 pg. and t he hydr ophobic

pol ymeric coating conprise one or nore additional dopants. 31. The

net hod accordi pg t 0Tt }hdthel! acdVRBREIH A8 EPAVhREINI the RBHRRNGBI Bas a 32.
The nmet hod according to claim 27, wherein the coating is hydrophilic.

Cre range T om ARGRDHY PRkl B MRt IR T &7 71 % The et hod

according to claim rein the netal . baond a CTE.that ranges from
2bout 5. 01 UNLnPE {0 ThbAUEHNa Greie © claim 35 fufher” comprising. applyiHg 3

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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35. The nethod according to claim23, wherein the | ow CTE substrate has a
CTE that ranges from about 1.0iunmlm C to about 10.0i anlm C. 36. The
met hod acwordimged4e cl ai m 23, wherein the CTE of the | orCcTIR2610l081267t €
differs by no nore than about 100 % of the CTE of the abrasive grains.

37. The nethod according to claim36, wherein the CTE of the | ow CTE
substrate differs by no nore than about 50 % of the CTE of the abrasive

grains. substrat3&iffdrh by e hived ttaaabdoe 309 otod tied @TmoBthe abhsiveigrainhe CTE of the
| ow CTE substrate differs by no nore than about 20 % of the CTE of the

abrasive graingg  The m%hodlomBiRMIRGE 97 M AGciOhs ICATE 2ie ¥R EEN the
abrasive grains are selected fromthe group consisting of oxides, borides,

car bi des, s%%r%ﬂe%ﬁ’ers g#f ?i[gpxgboe (P:rﬁlhf[aio&it?’ ‘%oﬁ%ea@f' (Pc;)g [Ha%iba%?ési\%?aihg'er eof

40. The ne accor aim erein rasive grains are

ol v crystal 1 A& o Aoer s oreorits todina. SRR s PEshaE e S ¢, and
conbi nati ons thereof . . , , . .

selected from the group consisting of oxides, borides, carbides, nitrides, diamond

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

24



41. The nethod according to claim 23, wherein the netal bond is sel ected
fromthe group consisting of brazing materials, netal powder bond

mat er i al swoand/menbi nati ons thereof. 42. The net hedTaseanai2g7 t o
claim 23, wherein the | ow CTE substrate is selected fromthe group

consi sting of Invar, Super Invar and Kovar and conbi nati ons thereof.

43. The nethod according to claim42, wherein the | ow CTE substrate is

sel ect ed bveanil (UTE giugctc ke sifforgncefbebwstar thd 6C TBupBmatchva@rthaabrakiovar and
conbi nati ons thereof. 44. A method of conditioning a

chem cal - pRehanidcat nR@Ali ik nad (RVOTEPAGM LM ih8i189: CTE subst@RMMIChENg a
wor ki ng surface of the CvP pad with an abrasive tool, wherein the abrasive
tool conp '%ﬁé &P5§aive grains coupled to a | ow coefficient of thernal
expansionh% ? ubstrate through a netal bond, wherein there is an overal
CTE m smatch that .ranges fromabout 0.1 ju C to .abgout 5.0 ium mC,

wher ol the ofdviTiTErme ov R uge o el v et e

m smat ch of the abrasive grains and the netal bond and the CTE m snmatch of
the | ow Cremditignsthe &MP apdl t he metal bond; and ref ur bi shing the

wor ki ng surface of the CVWP pad with the abrasive tool to condition the CW
pad.
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