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[ 0001] This invention pertains to chem cal - nechani cal polishing
conpositions and nethods for polishing a substrate using such
conpositions. In particular this invention relates to

chem cal - mechani cal polishing conpositions containing nodified
abrasive particles. BACKGROUND OF THE | NVENTI ON
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[ 0007] The polishing conposition of the present invention and the

met hods of the present invention provide a |low defectivity result
whi | e exhi biting excellent polishing properties to the substrate
bei ng polished. BRI EF DESCRI PTI ON OF THE DRAW NGS [0008]FIG 1
illustrates an alumnosilicate layer is formed on a primary particle
resulting in altering the zeta potential. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0009) The present invention provides a chem cal - mechani cal
polishing (CW?) conposition having | ow defectivity (defined as
adhesi on of the abrasive particle in the slurry, to the substrate)
while still providing excellent polishirg characteristics. The
conposition of the present invention conprises an abrasive particle
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[ 0013] The abrasive particles are preferably suspended in the slurry
conposition of the present invention, and the suspension is
preferably colloidally stable. The term"colloid" refers to the
suspensi on of abrasive particles in the liquid carrier. The phrase
"colloidally stable" refers to the maintenance of that suspension
over time. In the context of this invention, a suspension of abrasive
particle is considered colloidally stable if, when the abrasive
particles are placed into a 100 nL graduated cylinder and allowed to
stand without agitation for a tine of 2 hours, the difference between
the concentration of particles in the baatom 50 nL of the graduated
cylinder ([B] in terns of g/nL) and the concentration of particles in
the top 50 f
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Typically, the polishing conposition has a pH of about | or nore
(e.g., about 2 or nore). Preferably, the polishing conposition has a
pH of about 5 or less (e.g., about 4 or less). In one preferred
enbodi ment, the polishing conposition has a pH of about 2 to about 4
(e.g., about 2.3 to about 3.5). [0022] The pH of the polishing
conposition can be achi eved and/ or naintai ned by any suitabl e neans.
More specifically, the polishing conposition can further conprise a
pH adj ustor, a pH buffering agent, or a conbination thereof. The pH
adj ustor can be any suitable pH adjusting conpound. For exanple, the
pH adj ustor can be nitric acid, amoni uh hydroxi de, potassium
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and noving relative to the surface of the polishing pad. The
polishing of the substrate takes place by the substrate being placed
in contact with the polishing pad and a polishing conposition of the
present invention and then noving the polishing pad relative to the
substrate, so as to abrade at |east a portion of the substrate to
polish the substrate. [0029] The polishing pad of the polishing
apparatus can be any suitable polishing pad, many of which are known
in the art. Suitable polishing pads include, for exanple, woven and
non-woven polishing pads. Mreover, suitable polishing pads can
conprise any suitable polynmer of varyingddensity, hardness,

t hi ckness, conpressibility, ability to rebound upon conpression, and
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polishing p an I S t i

use typi cal ﬁ)ﬁl!\s’\lﬁ Pﬁe capalyst1 ainnbg nésgrtt n?gw%ﬂ‘%bﬁe a%ogﬁl! Tgp%@%f!fﬁg\égkg ssttcrgrla?ce
waf er bei ngprpssint lshedmoiﬁtt@fpbﬂuwﬁﬂhgt Pdelakoaih? Wa%e any suitabl e shape

and, when i poyge, Jﬁﬁe"&h@h:ﬁ@%t@ﬁo@ﬁ%ﬁé &Qheq{res%tbh\ﬁeﬁ{lorf%'f&l‘ihe@l:&ﬂlﬂls@a
pl ane or a semcircle. her variations will be readi I%}vﬁgggdg&'{g

to the skil Ht@hilizert Agaygd hf’G@S‘i’F‘fﬁB‘hﬁ‘?‘ drbihits “Perf\?@H’ﬁ fzom mastipey
met hod of psgehﬁ fsungalastsmbﬁs“ﬁtxedwﬁobpﬂoheamlor@mcmgmcmas adipieRcid, citric

descri bed her vention.also [

abr asi ve paf%$ 6'?329°"f “ﬂg'é'h‘?pﬁ?q’a\)gacé% %tl“f FEAGMINg {5 raflfesnfc)r?g dég lg)r%‘l‘s‘ﬁary
particl e copipspl®natg canpaupds; nsubfcameoumdstﬁh esjbetnaorﬁtoiet:rmnmures thereof.
al um nosi | i ake.h )m% tabm}g,r glmlg dnhec@brasive particle has a zet a

potential neasur pH about -5 nV to about -

[ 0032] The f K0P n@wweééaﬂé}eéfﬁﬁ?fﬁw %dmﬁblerwn’érTyaéélixuﬂafemthézer can
~invention, gdigtesthOHlaf amMBlintPengh@Tednt st Bequivaleater vayystitdaBounts dgiivalents
scope. EXAMPLE 1 100331This exanple illustrates one nethod of

prepari ng nBY&HPYS y charged particles for use in tungsten CVP slurry
formul ati on@02Bn afThepodishiof c@BpaBiogs offtheaprds&nm%esugp@m@mmvfsmt@la‘pﬂred
silica part by n&?ly%@g&lﬂﬁﬂ%@%%ﬁt%uqﬁﬁg %?Q) Wp‘{&rm rQ(@é Veﬁ)oﬁti &%re)

concentrati o Icles i a t ot

Then, 2.5 nPrefrably. @emlﬁamsﬁqﬂmswn msmﬁﬂrﬁmb?ﬂttf'roale§ Q‘w @R@B)‘@'Wo}“
was added t Ond (EreS4LSIBII rftine, é(}fbhﬁll"h@éorﬁﬂﬂﬁtx&l els WIpBl dFaBot2ab absea (4.9,
6.0 by addi a ni umto:{n drOXI e solution (29% and the m xture was

| eft under %8%”{ )% hours. The zeta potential of the particles
was recor degbodrjer ﬂ"henﬁl uftha gol&hmlcvmpmtzmcan Moshieve 30D O (rikitaingdh by any

| nstrunents hes rshy eta
potenti al , su‘%&e m(?ans OrF ée% fscah); urpteg@m}}é g%%\?‘é‘(ftag W%&%’!&pggé
wat er - basedadjedtart 4 B bp@#“m&j aasrtteqi 8t¢9m12m8“%§h%g>fnirh¢ PIE adjuster cap by apyysuitable

potential ofxldfstiyd %Eomt Fop kel fme pil)ad;ubt@ﬁéaﬁ%%'nﬁﬂc Ed?éltamiﬁbmum
alum nosilicate | ayer had for the zeta potenti
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[00351Thi s exanpl e denmonstrates the effect on renoval rate using the
particles of the present invention. [00361These polishing experinments
were conducted using an Integrated Process Equi pnent Corp. (IPEC, San
Jose, California) Avanti 472 polishing tool and 200 nmtest wafers.
Al'l experinents used an | C 1000TM polishing pad (Rode! Inc., Phoenix,
Arizona) and the follow ng process conditions: Down force5 psi Back
pressure0 psi Platen speed60 rpm Carrier speed40 rpm 9 [00371The
control slurry was the conmmercially avail abl e Sem - Spersegi W2000
(Cabot Mcroelectronics Corp., Aurora, Illinois). The experinental
slurries used the sanme fornul ation as ¢ he commercial slurry, except
that the abrasive was replaced wth the surface nodified abrasive

descri bed,hdhnFXanpu ?cﬁusjcoraaﬂ@/oza pﬁ@@i‘f&mg'a@er@'ﬂroﬁde@fmm BhifablelAfoubiis hae
nodi fi ed abrasive was prepare just prior to additjon to the slLurry.

[ 0038] TheltofFhigye aadior pringsit the RHAS theRg WWFW%%‘W&HWM%&? 1% & 8nt
abr asi ve mozgjent i pdmakﬁné Sondgaditibfie cahe 1d&)1tnandsa)ogtndnan?rcan COMEriEE 0a¢ OroNs

(1 and 4% hétaﬁgﬁéeshgﬁﬁox' 8crah ORI IS LR (F QWb eqnén%?%

i ndi cate PR ntfa S necefsar
hi gher r eagewadr comubst)Lmbingde, had rharlxkse,@taex oﬁwhlphmp\feééceﬁwn inthef

Addi ti Ona{dﬂﬁ t h?ﬁe?o‘(‘@l%n%@mﬁgc;sﬁﬁﬁs &Qhé’ 1@6@?&4&{ cdn@e GRepWich By Exk&esﬁkalﬂél C| e

concentra % solids. TAB Abr asi ve PaJtch

SOl | ds) - v i of wHS P OROWRp ORAETI it (e i HRg compostion

can be prepared in a batch or continuous process. Generally, the polishing composition can
be prepared by combining the components thereof in any order. The term “component” as
used herein includes individual ingredients (e.g., acids, bases, and the like) as well as any
combination of ingredients (e.g., acids, bases, surfactants, and the like). The pH can be
adjusted at any suitable time.

[0025} The polishing compositions of the present invention also can be provided as a
concentrate, which is intended to be diluted with an appropriate amount of water prior to use.
In such an embodiment, the CMP composition concentrate can include the various
components dispersed or dissolved in aqueous solvent in amounts such that, upon dilution of
the concentrate with an appropriate amount of solvent, each component of the polishing
composition will be present in the CMP composition in an amount within the appropriate
range for use,

[0026] The invention also provides a method of chemically-mechanically polishing a
substrate comprising (i) contacting a substrate with a polishing pad and a CMP composition
described herein, and (ii) moving the polishing pad relative to the substrate with the polishing
composition therebetween, thereby abrading at least a portion of the substrate to polish the
substrate.

[0027] The CMP methods of the present invention can be used to polish any suitable
substrate, and is especially useful for polishing substrates comprising metallic components
such as tungsten, copper, ruthenium, tantalum, and the like.

[0028] The CMP methods of the present invention are particularly suited for use in
conjunction with a chemical-mechanical polishing apparatus. Typically, the CMP apparatus
comprises a platen, which, when in use, is in motion and has a velocity that results from
orbital, linear, or circular motion, a polishing pad in contact with the platen and moving with

the platen when in motion, and a carrier that holds a substrate to be polished by contacting



W Renoval Rate (A /mn) 3 4 Surface nodified 2622 3 | Surface

nodi fied 1625 1 4 Surface nodified 2649 EXAVPLE 4 100401Thi s exanpl e
demonstrates the effect of the abrasive particles of the present
invention on oxide erosion in tungsten pattern wafers. [00411The
pol i shi ng experi nents were conducted on the same equi pnment and using
the sane base slurry as described above in Exanple 3. The control
experinment used a slurry containing the primary funed silica particle
that was nodified as described in Exanple 1. As above, the tungsten
removal rates were determined with bl anket wafers. The amount of
oxide erosion (in A) that occurred durihg substrate polishing using
each of the polishing conpositions was determ ned for three regions

of the s Ubaéﬁ g@vﬁxg'ra%\}éqb B sﬁﬁﬂ‘!e%@ﬁle(%héx%é’cyah n?héj&ﬂ‘ﬁlh)ﬁg/ of the Sibstidte taREL

line with nmcron spacin i ne ‘densi t | i ne

Wl th 0. 35 M Py e BT MRS B ORI O TSN OPE R BRNThe vi t h

0.5 m cr onogipa&iisodr: thJ;B}leé‘mﬁh@&iﬂ@ﬂaﬁ/tﬁémb\h@gnhu s6itkhig pes agutse ROBEM

tungsten p u%gtrea{en scy\alasftg ggrarge at %gtaé. ortlon ?tﬂc sx%:)strate ;e)dhs%e SLQSElg{ea)
[0029] The polishing pad of the polishing apparatus can be any suitable polishing pad,
many of which are known in the art. Suitable polishing pads include, for example, woven
and non-woven polishing pads. Moreover, suitable polishing pads can comprise any suitable
polymer of varying density, hardness, thickness, compressibility, ability to rebound upon
compression, and compression modulus. Suitable polymers include, for example,
polyvinylchloride, polyvinylfluoride, nylon, fluorocarbon, polycarbonate, polyester,
polyacrylate, polyether, polyethylene, polyamide, polyurethane, polystyrene, polypropylene,
coformed products thereof, and mixtures thereof.
[0030]  The polishing pad can have any suitable configuration. For example, the
polishing pad can be circular and, when in use, typically will have a rotational motion about
an axis perpendicular to the plane defined by the surface of the pad. The polishing pad can
be cylindrical, the surface of which acts as the polishing surface, and, when in use, typically
will have a rotational motion about the central axis of the cylinder. The polishing pad can be

. in the form of an endless belt, which when in use typically will have a linear motion with

respect to the substrate wafer being polished. The polishing pad can have any suitable shape
and, when in use, have a reciprocating or orbital motion along a plane or a semicircle. Many
other variations will be readily apparent to the skilled artisan.
[0031] The present invention also provides a method of polishing a substrate with the
polishing composition described herein. Further, the present invention also provides an
abrasive particle for use in CMP compositions, comprising a primary particle comprising
silica, surface modified to form an aluminosilicate layer, wherein the abrasive particle has a
zeta potential measured at pH 2.3 of about -5 mV to about -100 mV.
[0032] The following examples are provided to further describe the invention, and should

not be construed as in any way limiting the scope.

EXAMPLE 1
[0033) This example illustrates one method of preparing negatively charged particles for
use in tungsten CMP slurry formulations. An aliquot 0of 29.45 g of a 14.4% suspension of



10042] The results of these polishing experinents are shown in Table
2. The results show that the treated particle of the present

i nvention inproved erosion in wafers at 50 and 83% density w t hout
adversely affecting the removal rate of tungsten. The results al so
indicate 10 that |owering the concentration of surface nodified
abrasive in the slurry, to a solids content of 0.5% reduced the
removal rate but still inproved the erosion when conpared to the
unnodi fied particle. This experinment denonstrated that the surface
nodi fi ed abrasive particle of the present invention inproves the
erosion effect while still providing a dood tungsten renoval rate.
TABLE 2 Abrasive Particle Oxidizer (w. % Abrasive Particle W Renoval

Erosion at (% Eﬁ@asdaﬂfblé%twaz 23pBEdR8 iR icHize8 IHeet 6 5@ d fils) cdntefizh}ion of 1.72
Treatnent Rate density
wt.% pamcles 17 a total volume of 247.5 ml. Then, 2.5 ml of a 0.1M solution of aluminum

nitrate (AI(INO3)3-9H,0) was added to the suspension. The pH of the mixture was increased
to 6.0 by adding ammonium hydroxide solution (29%) and the mixture was left under
agitation for 6 hours. The zeta potential of the particles was recorded over time using a
Malvern Zeta Master 3000 (Malvern Instruments, Ltd., Worchestershire, UK). In order to
measure the zeta potential, a few drops of the mixture were removed and added to a water-
based solution pH-adjusted to 2.3 using nitric acid. A zeta potential of -5.5 mV was obtained
(FIG. 1), indicating that an aluminosilicate layer had formed (the zeta potential of silica at pH
2.3 is zero). The pH of the mixture was increased to 7.5 with a 29% ammonium hydroxide
solution. This resulted in the particle charge dropping to -8mV immediately, and to about -

20mV after 24 hours (FIG. 1).

EXAMPLE 2
[0034] This example illustrates the ability to control the thickness and charge density of
the aluminosilicate layer on the silica particles, and hence the particle charge, by adjusting the
pH. The particles were treated as described in Example 1, except that the pH was increased
to 9.0 instead of 7.5, using a 29% ammonium hydroxide solution. After 24 hours the zeta
potential of the particles was -30 mV (measured at pH 2.3).

EXAMPLE 3
[0035] This example demonstrates the effect on removal rate using the particles of the
present invention.
[0036] These polishing experiments were conducted using an Integrated Process
Equipment Corp. (IPEC, San Jose, California) Avanti 472 polishing tool and 200 mm test
wafers. All experiments used an IC 1000™ polishing pad (Rodel Inc., Phoenix, Arizona) and

the following process conditions:

Down force S psi
Back pressure 0 psi
Platen speed 60 rpm

Carrier speed 40 rpm



density density (Amn) (A (A (A 1 4 Control
0.5 4 Surface nodified

3052 821 799 2648

{0037] The control slurry was the commercially available Semi-Sperse® W2000 (Cabot
Microelectronics Corp., Aurora, Illinois). The experimental slurries used the same
formulation as the commercial slurry, except that the abrasive was replaced with the surface
modified abrasive described in Examples 1 and 2, above. In all treatments, the surface

modified abrasive was prepared just prior to addition to the slurry.

[0038] The first set of polishing experiments compared two different abrasive
concentrations (3 and 1% solids) and oxidizer concentrations (1 and 4% hydrogen peroxide).
[0039] The results, shown in Table 1, indicate that the higher concentration of oxidizer is

necessary for higher removal rates using the particles of the present invention. Additionally,

there was no effect on removal rates with the particle concentrations of 3 and 1% solids.

TABLE 1

Abrasive Particle Oxidizer Abrasive Particle W Removal Rate
(% solids) (wt. % H,O0) Treatment (A /min)
3 4 Surface modified 2622
3 1 Surface modified 1625
1 4 Surface modified 2649

EXAMPLE 4
[0040] This example demonstrates the effect of the abrasive particles of the present
invention on oxide erosion in tungsten pattern wafers.
[0041] The polishing experiments were conducted on the same equipment and using the

same base slurry as described above in Example 3. The control experiment used a slurry
containing the primary fumed silica particle that was modified as described in Example 1. As
above, the tungsten removal rates were determined with blanket wafers. The amount of oxide
erosion (in A) that occurred during substrate polishing using each of the polishing compositions
was determined for three regions of the substrate including regions of 50% line density (0.35
micron line with 0.35 micron spacing), 72% line density (0.9 micron line with 0.35 micron
spacing), and 83% line density (2.5 micron line with 0.5 micron spacing). This erosion
evaluation used Praesagus 200mm tungsten pattern wafers (Praesagus Inc., San Jose,
California).

[0042] The results of these polishing experiments are shown in Table 2. The results show
that the treated particle of the present invention improved erosion in wafers at 50 and 83%

density without adversely affecting the removal rate of tungsten. The results also indicate



2074 720 809 2387 1 4 Surface nodified 2993 593 802 2318 EXAMPLE 5

[ 0043] This exanpl e shows the effect of particle stability on tungsten
renoval rates and erosion. [0044] The slurries described in Exanple 3
above were allowed to age overnight at roomtenperature. The zeta
potentials of the aged abrasive particles were neasured as descri bed
above. The results showed that the zeta potentials of the surface
nodi fi ed abrasive particles were | ower than the expected val ues after
an overni ght incubation (pH 2.3). This indicated that the coval ent
alum nosilicate bonding is reversible at |ow pH The aged particles
were then used in the CWP process descrilbed above in Exanple 3. The
results indicate that the tungsten renoval rate was slightly higher,
but the er Ocﬁét?ﬂ%été‘ﬁx?ﬂ% d oAk i MBS rfa cEXAON T F abrai A0 TheTdNirsy , RXPSMIScontent

denonstrat es he surface nodified particles of the present
of 0.5%, reduced the removal rate but still improved the erosion when compared to the

unmodified particle. This experiment demonstrated that the surface modified abrasive
particle of the present invention improves the erosion effect while still providing a good

tungsten removal rate.

TABLE 2.
Abrasive | Oxidizer | Abrasive |W Erosion Erosion Erosion
Particle (wt. % Particle Removal | at50% at 72% at 83%
(% solids) | HoOy) Treatment | Rate density density density
(A/min) | (A) A A
1 4 Control 3052 821 799 2648
0.5 4 Surface 2074 720 809 2387
modified
1 4 Surface 2993 593 802 2318
modified
EXAMPLE 5

[0043] This example shows the effect of particle stability on tungsten removal rates and
erosion.

[0044] The slurries described in Example 3 above were allowed to age overnight at room
temperature. The zeta potentials of the aged abrasive particles were measured as described
above. The results showed that the zeta potentials of the surface modified abrasive particles
were lower than the expected values after an overnight incubation (pH 2.3). This indicated
that the covalent aluminosilicate bonding is reversible at low pH. The aged particles were
then used in the CMP process described above in Example 3. The results indicate that the

tungsten removal rate was slightly higher, but the erosion was slightly worse.

EXAMPLE 6
[0045] This example demonstrates that the surface modified particles of the present
invention have significantly reduced adhesion to the tungsten lines on a substrate after

chemical-mechanical polishing.



i nvention have significantly reduced adhesion to the tungsten |ines
on a substrate after chem cal - nechani cal polishing. 11 100461These
pol i shing experinents were conducted on an Ebara Frex 200 nm
polishing tool (Ebara Technologies Inc., Sacranento, California) and
using an I C 1 000TM pol i shing pad, under the foll ow ng process
conditions: Platen Speed Carrier Speed Sub-Carrier Pressure Back
Side Pressure Ring Pressure Slurry Flow 100 rpm 55 rpm 225 hPa (3.1
psi) 225 hPa (3.1 psi) 200 hPa (2.7 psi). 150 m/mn [0047] The
slurry treatnents were as descri bed above in Exanple 2, with the
control slurry having fumed silica as the abrasive particle. The
inventive treatnent slurry contained the surface nodified abrasive

particles O(E)OMEG Pfrféﬁ@]?ﬁusiﬂﬂg EffelifBnts RERRBE®RRM @ Sn 4R B64rh PRS 20D AtepolAidg
having a zeta potential of g{eater than -20 nV. The SlurQ%P s tested
C

usi ng a "sttapld&bae Tpamploaichice SR5THREG: SRR AP PSiRS A 1ak pelishing
resi due on gadfwHagsthe ol prodess adaditionkhi s reci pe invol ves the best

conbi nati on ano er ,sequence, ditioning reci pe and cl eani ng
net hodol ogy. V%qu%€§$§$ t he slurr§8€ﬂ?h a "nodified" recipe known to
generate a | ot dfareaiSpesd e resi duesSartpmhe surface of a tungsten

waf er. The def e&tu'*)_\eag.ryer%sﬂgasur €y P, t(@_qeﬁgﬁf ers follow ng
e

pol i shing. The ectivity was defined as the nunber of particle
counts at the su¥atkhSiedtesstie waf er 2dehRct@ Péidi ng a Kl a- Tencor SP1
tool . [0048] The gigsHlelstrsdr € shown 200 f@bl(2.79si).As can be seen, the
slurry containing the g@rticles ofﬁhge resent invention showed a
dramatic reduct iDWY R efectivity & i ntaining a good renova
rate for tupgstien. THBlEy Geatments were as described above in Example 2, with the control

slurry having fumed silica as the abrasive particle. The inventive treatment slurry contained
the surface modified abrasive particles of the present invention, prepared as described above,
and having a zeta potential of greater than -20 mV. The slurry was tested using a “standard”
polishing recipe known to minimize particle residue on a tungsten wafer surface. This recipe
involves the best combination among wafer sequence, conditioning recipe and cleaning
methodology. We also ran the slurry with a “modified” recipe known to generate a lot of
particle residue at the surface of a tungsten wafer. The defectivity was measured for the
wafers following polishing. The defectivity was defined as the number of particle counts at
the surface of the wafer detected using a Kla-Tencor SP1 tool.

[0048] Tﬁe results are shown in Table 3. As can be seen, the slurry containing the
particles of the present invention showed a dramatic reduction in defectivity while

maintaining a good removal rate for tungsten.

TABLE 3.
Standard Modified
Control 18 745
Inventive 8 177

[0049] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in

its entirety herein,



Standard Modified Control 18 745 Inventive 8 177 [0049] Al |
references, including publications, patent applications, and patents,
cited herein are hereby incorporated by reference to the sane extent
as if each reference were individually and specifically indicated to
be incorporated by reference and were set forth inits entirety
herein. 12 100501The use of the terns "a" and "an" and "the" and
simlar referents in the context of describing the invention
(especially in the context of the following clains) are to be
construed to cover both the singular and the plural, unless otherw se
i ndi cated herein or clearly contradictetk by context. The terns
"conprising," "having," "including," and "containing" are to be

construed ?lﬁssﬁﬁ en-gnge: fttl'?ert%ns(“ia" fna “ag’eﬁ'ﬂi “4}d> ar‘xd'k(ﬁlxlﬂé}' r&@renfUh tHeQbntext of

limted to,") unless otherw se noted. Recitation of ranges of values
herei n ar e dessribing theripventieni(esrscigBy inshgeoniextefdhe fRpvingslaifon 2pto be
referring icpgdivédieablet bb@ tRAGRELSE RAI At Bluvad| udRsd Gthdrivitg indidakddretelitor
range, unless otherw se indicated hereln, and,gﬁch sgpar@%e yal&e is
i ncor por at &AhERTAgte Bé&‘?‘\*‘?"é‘af'i‘eotr‘?“%fs CPPPSEENe PR Md i VEHTRR
recited hergintinidg’! aréret feadsstahes as ofeedndedneing (ica mebeing Sinflodimgcbut notany
sui tabl e ondernhesn OlRel I 36k NRLAALGCLASER &\ el dEh WeSherth ear |y
contradicte by ¢ONLExt . e use of any and al |l exanples, or

exenpl ary ligteayigd tpesefvs.ag 2 shorthgahmathod ofyefsuingdeflividyally 0 edch SeRFFAH b
merely to hglihehidih AUTaRRL Enldd SetleRMS thiiodedtittbil ARG edoR beaRiCvalue is
limtation _on the scope of'the,lnventlon,gnles§ othgrmnseléﬁal °§' No
| anguage | nPPmREAEHEtorbEspEFiffAtionas it e g Luplageited herpt Fﬁ%ﬁe hy
non- cl ai nedlegkrideEindreiAsarttggefoimadd it anyt fuitalpde arden uniesoftherviseiimlieatdd ferein or
[ 0051] Pref er,r ed. enbodi i S 1 j i j

el udi ng. HENGeE RoaganRlcrd] o el PHE B AnP bl HERERPIE or DRI

i nventi on. lvemaget(e-enssugh ay"hprowided bereinyis inteagesbmeraiyrie Better i) upurashibe

appar ent t QuJfQGEarRidoty it Padels 1iHitdibn bitht B@pabt the! ROBntioR adlieBdothdt@ise
foregoi ng description. The inventors ex(gﬁt ski | Igd artisans to laimed
enpl oy suctflaimed: No lspguage Indhesrspification shopldibe qustiugd avipdicating iy Agn-Figime
t he i nvent i dindnOasiRscRfidled the Peacat &t ineentiran as specifically

descri bed in. Accordi ngl this .invention inc al . .

o 11 cat i JEtng SEFEATEhanere b BERish R dRFLUEEeR jusine g b
cl ai ms appendtiednbren 6t the awerers fortcagging putdiypihvantitn. eV artionssteas erefergay
conbi nat i O%w@od%?ﬁ%@%%é&%%gé%ﬁggglo?{:@fe'I)tri SndrP sl kn BOER LPbiEreading the

variations thereof is-enconpa _invention unless otherw se
i ndi cat ed Hereeping 8scoptinsr g inventassekpecttHief agisens dQyerpRioL Sihariiations as

appropriate, and the inventors intend for the invention to be practiced otherwise than as

specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.



13 CLAIM5 1. A chem cal -mechani cal polishing conposition conprising:
a. at |east one oxidizer b. at |east one catal yst having nultiple
oxi dation states; and c. an abragsive conprising an abrasive
particle consisting essentially of a Efi mary particle nodified with
an alum nosilicate |ayer, and wherein the abrasive particle has a
zeta potential neasured at pH 2.3 of about -5 nmV to about -100m V.
2. The conposition according to cl@LmiMSwverein the abrasive
particles have a zeta potential of about -10 nV to about -50nV.
3. The conposition according to claim1l wherein the primary particle
is selected fromchigicAlRRaiNSbIEhinEGoposftiohice@prisdgdni na, cer a, and
clay. 4. The conposition of claim3, wherein the primary particle is
silica. 5. The #depodirrrdicaccording to claim 1 wherein the oxidizer
i's hydrogen pey idone catalyst Hivind BRIHRRARLbA QRte@GhPr ding to claim5
wherei n the hydrogen peroxide concentration is fromabout 1 wt.%to
about 6 wt. % of an dheasive PRIt abrasive particle pppsisipgsedtialiloef aEEsEdi ng
to claim i@, 4. -t | f LASIHVR; el j
from abOLFt]a rt%%%%@d\}wﬁ'édﬁ tgl oﬁﬁla[;l ou{El Bsgl?é\/a\l}e.q&eg’fané ﬁ’gelg% tl'i)e(’s)dsb }Iﬁvg %E& gﬁ h%aeie%
conposi t iporentil nedagtired 4 piled eff abonthemy thiabent i180midred silica. 9. The
conposition of claim1 wherein the catalyst is ferric nitrate.
10. The conposi frhf&bn@fosiﬁ!)@aamnig% LIRGT 1 GO fhhshre Phi@bled hABH LRI Ch
inhibits the catalyst fromreacting wth the oxidizing agent. 11. The
conposi t ipetenddl of heaum 190 Wireabetn SOth¥. st abilizer is malonic acid. 12. A
nmet hod of chem cal nechanical polishing, said nmethod conprising:
providing a subshd ke oGaBREdSIdRE b e@&ﬂ%éreﬁllthézﬁ{&\t%garageﬁsa@&tbds hi ng
conposition according to any one of clains 1, or 5-7,

from the group consisting of silica, alumina, ceria, and clay.

4. The composition of claim 3, wherein the primary particle is silica.
5. The composition according to claim 1 wherein the oxidizer is hydrogen peroxide.

6. The composition according to claim 5 wherein the hydrogen peroxide

concentration is from about 1 wt.% to about 6 wt.% of the composition.

7. The composition according to claim 1 wherein the concentration of the abrasive

particles is from about 0.05 wt.% to about 4 wt.% of the composition.
8. The composition of claim 4 wherein the silica is fumed silica.
9. The composition of claim 1 wherein the catalyst is ferric nitrate.

10. The composition of claim 1 further comprising a stabilizer which inhibits the

catalyst from reacting with the oxidizing agent.
11. The composition of claim 10 wherein the stabilizer is malonic acid.

12. A method of chemical mechanical polishing, said method comprising:
1 providing a substrate comprising tungsten;

(i1) providing a polishing composition according to any one of claims 1, 2 or 5-7,



14 (iii) contacting the substrate with a polishing pad and the
pol i shing conmposition, (iv) noving the substrate relative to the
pol i shing pad and the poli shing conpoiétion, and (v) abrading at

| east a portion of the substrate to pOfish the substrate. 13.
An abrasive particle for use in chem cal nechani cal polishing
conprising a silica particle having an alum nosilicate |ayer, wherein
t he abrasive gaNhti cbadtiag tie saetatepathendolisling@dsud éd palishptd cAmpogition,

about -5 nV tog. about -100 . .14, The .abrasi particle of
CPatm 15 wher i s Mo bRT s § et S Ser S B e masur e
at pH 2.3 of about cohfositVnf sndabout -50 nV. 15. The abrasive

article of claim1 erein the siljca particle . is fumed silica
P (\% a ra\cll\f?lg at least a portion otl tﬁe su%strate to polish the substrate.

13. An abrasive particle for use in chemical mechanical polishing comprising a silica
particle having an aluminosilicate layer, wherein the abrasive particle has a zeta potential

measured at pH 2.3 of about -5 mV to about -100 mV.

14. The abrasive particle of claim 13 wherein the abrasive particle has a zeta potential

measured at pH 2.3 of about -10 mV to about -50 mV.

15. The abrasive particle of claim 13 wherein the silica particle is fumed silica



