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COMPOSITION FOR TUNGSTEN BUFFING

BACKGROUND OF THE INVENTION
{6001} Chemical-mechanical polishing (CMP) compositions and methods for polishing
{or plananzing) the surface of a substrate are well known i the art. Pohishing compositions
{also known as polishing slurries, CMP slurnies, and CMP compositions} for polishing metal
tavers (such as tuagsten) on a semiconductor subsirate may include abrasive particles
suspended in an aqueoas solution and chemical accelerators such as oxidizers, chelating
agents, catabysts, and the like,
160021 In a conventional CMP operation, the substrate {wafer) to be polished is mounted
on a carigr {polishing head) which 15 in tuen mounted on a carner assembly and posiiioned
contact with a pohishing pad in & CMP apparatus {polishing tool). The carrier assembly
provides a controliable pressure to the substrate, pressing the substrate against the polishing
pad. The substrate and pad are moved relative to one another by an external dniving force,
The relative motion of the substrate and pad abrades and removes a portion of the material
fromy the surface of the substrate, thereby pohshing the substrate. The polishing of the
substrate by the relative movement of the pad and the substrate may be further aided by the
chemical activity of the polishing composition {e.g.. by an oxidiving agent and other chemical
compounds present in the CMP composition) andior the mechanical activity of an abrasive
suspended n the polishing composttion.
{6003} In typrcal tongsten plug and interconnect processes, tungsten 15 deposited over a
diglectric and within openings formed therein. The excess tungsten over the dielectric laver
is then removed daring a CMP operation to form tungsten plugs and interconnects within the
dielectric. As senuconductor device feature sizes continue to shrink, meeting local and
wlobal planarity requarements has become more difficult i CMP operations {e.g., in tungsten
CMP operations). Array erosion {also referred to as oxide evosion), plug and hne recessing,
and tungsten etching delects are known to compromise planarity and overall device integrity.
For example, excessive array erosion may lead to difficulties in subseguent lithography steps
as well as cmsse electrical contact problems that can degrade elecinical parformance.
Tungsten etching/corrosion and plug and line recessing may also degrade electrical
performance or even cause device fatlure.
{0004} In order 1o meet the local and global planardy reqinrements commercial tungsten

CMP operations sometimes employ nnluple pohishing steps. For example, a first step may
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be enploved o remove bulk tangsien metal frony the substrate while a second step may be
emiployed o remove any remaining tungsten and various binder lavers from the anderlying
diglectric faver. A second polishing step is sometimes also enyploved o remove defzcts from
the waderlving dielectric layver. While such mulii-step polishing operations nay improve
device planarity, there remains d need m the industry for further improvements, pariicularly
for tmgsten OMP shurrtes (or compositions} that are suitable for use 18 3 second polishing

step.

BRIEF SLIMMARY OF THE INVENTION
[b0S] A chemical mechamical polishing composition for polishing a substrate having a
tungsten faver is disclosed. The composition inchudes a water based liguid carrier and
colloidal sitica abrasive particles dispersed m the hauid carnier. 380 percent or mors of the
cotloidal stlica abrasive particles mclude three or more aggregated primacy particles., The
cotlowdal silica abrasive particles further have a permanent positive charge of at least 6 mV,
A method for chemical mechanical polishing a subsirate mcluding a tungsten laver is further
disclosed. The methed may nclude contacting the substrate with the above described
polishing composition, moving the polishing composition relative to the substrate, and
abrading the substrate to remove a portion of the tungsien from the substrate and thereby

polish the substraie.

BRIEF DESCRIPTION OF THE DRAWINGS

{6006} For o more complete understanding of the disclosed subject matter, and
advantages thereof, reference s now made to the following descriptions takes in conjunction
with the accompanying FIG. 1 which depicts a transmission electron micrograph {TEM) of
example collotdal silica particles from a dispersion i which 30 percent or more of the
cottoidal sitica particles 1n the dispersion inclade three or more gggrepated primary particles,

DETAILED DESCRIPTION OF THE INVENTION
6007} A chemical mechanical polishing composition for polishing a subsirate having a
ftumgsten faver is disclosed. The composition includes a water based hquid carrier and
colloidal silica abrasive particles dispersed i the tiquid carrier. 30 percent or more of the
colloidal silica abrasive partickes include theee or more aggrepated primary pattcles. The
cotloidal silica abrasive particles {urther bave a permanent positive charge of at least &6 mV,

whi

o=

The polishing composition may further optionally include from 1 weight percent to 4 wai

percent of the colloidal silica abrasive particles, an iron contamning accelerator, an oxidizer,
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an amine compound i sohsion in the Rguid carter, & pH i a range from 3 o 4, andfor an
electrical conductivity of less than 1000 gSfom. A mean particle size of the colloidal silica
particles may optionally be in a range from 40 am o 70 nm.

{6008} A mathod for chemical mechanical polishing a substrate mcluding a tungsten
fayer is further disclosed. The method may inchude contacting the substrate with the above
described polishing composition, moving the polishing composition relative o the substrate,
and abrading the subsirate {0 remove a portion of the tungsten from the substrate and thereby
polish the substrate. A rate of removal of silicon dioxide may be greater than or equal to a
rate of removal of wingsten duning polishing.

6009} The polishing composition contains a dispersion of abrasive coloidal sitica
particles suspended 1 a liquid carrier {e.g., water}. As used heremn the term colloidal silica
particles refers 1o silica particles that are prepared via o wet process rather than a pyrogenic or
flame hiydrolysis process which produces structurally different particles. A suitable
dispersion may inchude both aggregated and non-aggregated cotloidal sihea particlas. As i
known 1o those of ordinary skill in the art, non-aggregaied particles are individually discrete
particles that may be spherical or nearly spherical in shape, but can have other shapes as well
(such as generally elliptical, squave, or rectangular cross-sections). These non-aggregated
particles are referred to as primary particles. Aggregated particles are particles i which
nudtiple discrete particles (privoary particles) have clustered or bonded together to form

gregates having generally irvegular shapes. The colloidal silica dispersion used n the

C“Cl

&
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diselosed polishing compeostiions may be said 1o be at least partially agerepated in that 30
percent of more of the colloidal silica particles in the dispersion include three or more
aggregated primary particles

[0016} Preferably. the colloidal silica is a precipitated or condensation-polymerized
stlica, which may be prepared using any method knowa to those of ordinary skill i the art,
such as by the sol gel method or by silicate 1on-exchange. Condensation-polymenzed silica
particles are ofien prepared by condensing S{OH)4 to form substantially spherical particles.
The precarsor S{OH)s may be obfaimed, for exanyde, by hydrolysis of high purity
alkoxysilanes, or by acdification of agueous siheate solutions. ULS. Patent No, 5,230,833
discloses one method for prepaning colloidal silica particles in solution.

[8011} A partially agpregated dispersion i which 30 percent or miore of the colloidal
silica particles in the dispersion nclude three or more aggregated primary particles may be

prepared, for example, using a rudti-step process in winch privary particles are first grown
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i solution, for exampde as deseribed 0 the "833 patent. The pH of the solution may then be
adjusted to an acidic value for a predetermined time pertod to promote aggregation {or partial
aguregation). An optional final step may allow for further growth of the aggrepates {and any
remainmg primary particles
160121  FIG. 1 is a transmission electron micrograph {TEM) of example colloidal silica
particles from a dispersion in which 30 percent or more of the collowdal silica particles in the
dispersion include three or more aggregated primary particles. The example TEM depicts
primary particles at 1, aggregates incladimg two primary particles at 20, and aggregates
mcluding three or more primary particles at 3. The example TEM shown includes 12
colloidal silica particles, three of which are primarv particles, two of which are aggregates
including two primayy particles, and the remaining seven of which are aggregates including
thiree or more primary pmjdes_
160137 The particle size of a particle is the diameter of the simallest sphere that
encompasses the particle. The partially aggregated dispersion may have auy suitable pagticle
size, e.g., an average particle sive {aggregate size} m a range from 3 to 150 nm. The abragive
particles may have an gverage particle size {aggregate sive) of 20 nm or more {e.g., 25 mn or
more, 30 mn or more, 40 nm or more, or 45 nun or more). The abrasive particlzs may have an
average particle sive (aggregate sized of 100 am or {ess {e.g., 90 nm or less, 50 nm o1 less, 70
nmor less, or 65 nm or less). Accordingly, the abrasive particles may have an average
particle size {apgregate size) in a range from 20 am to 90 mm {e.¢., from 25 am to 90 nm, or
from 30 nm to 90 nm). Preferably, the dispersion has an average particle size in a range from
46 to 70 nm or in a range from 43 to 65 nm. The particle size of the colloidal silica particles
may be measured using a dynamic bght scattering tool such as the Zetasizer®: available from
Malvern Instruments® {Worcestershive, UKD,
{0014} The pohshing composition may include any suitable amount of colloidal silica
particles. The polishing composition typically includes 0.01 wi. %% or more collowdal sihica
{e.g., 0.05 wit. % or more). More typically, the polishing composition may include 0.1 wi. %
or more (g, 1 wi %oor more, 5wt % or move, 7wt % or more, 10 wit %o or more, or 12
wi, % or more) collowdal silica particles. The amount of colloidal silica particies m the
polishing composition is typically 30 wi. % or less, and more typrcally 20 wt. % or less (e g,
PS5 wi % or less, 10wt % or less, 5wt % or less, 3 wi. % or less, or 2 wit. % or less).
Preferably, the amount of colloidal silica particles in the polishing cmmmsi‘iien 1S i a range

from 0.01 wi. 96 10 20 wi. %, and more preferably Fom 3,05 wi. %6 to 15 wt. % (e.g., from 0.1
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wt, % 1o Bt %, from Tt wi %ato 4w %, from 01 wi % to 3wk %, from ik wi M to 2
wt, %, or from 8.2 wi. % to 2 wi. %),

{6015} The liqumd carrter is used to factuate the application of the abrasive and any
optional chenmcal additives 1o the surface of a smitable substrate 1o be pohished {e.u.,
planarized). The hguid camier may be any suilable carmer (e.g., solvent) including lower
alcohols (e.g., methanol, ethanol, etc.}, ethers (e.g., dioxane, tetrabydrofuran, etc.), water, and
mixiures thereof. Preferably, the hiquid carrier comprises, consists essentially of, or consists
of water, more preferably detonized water.

[b016} The colloidal silica particles have a positive charge of at least 6 mV m the
polishing composition. The charge on dispersed particles such as colloidal sihea particles s
conmunonly referred o in the art as the zeta potential {or the electrokinetic potential). The reta
potential of a particle refers to the electrical potenuial difference between the electrical charge
of the ions swrrounding the particle and the electrical charge of the bulk solution of the
polishing composition (e.g., the lquid carrier and any other components dissolved thersm).
The zeta potential i3 typically dependent on the pH of the agueous median:. For a given
polishing composition, the isoelectric point of the particles is defined as the pH at which the
zela potential is zero. As the pH 13 increased or decreased away from the isoglectric pomt,
the surface charge {and hence the refa poteniial) is correspondmgly decreased ov increased (to
negative of positive xeta potential values). The zeta potential of & dispersion such as a
polishing composition may be obtained using the Model DT-1202 Acoustic and Electro-
acoustic spectrometer avatlable from Dispersion Technologies, Inc {Bedford Hills, NYL
{80171 The colloidal silica particles m the polishing composition have a permanent
positive charge of ¢ mV or move {e.g., 10 mV or move, 15 mV or move, 20 mV or more, 23
mV or more, of 30 mV or more). The colloidal silica particles in the polishing composition

may have a permanent positive charge of 530 mV or less (e g, 45 mV or less, 40 mV or less,

©w

or 33 mV or less). Preferably, the colloidal silica particles have a permanent positive charge
i g range from 6 mV 1o S0 mV (eg., [0 mV 1o 45 mV, 15 mV to 40 mV, or 20 mV 1o 40
my).

{0018} By permanent positive charge it 15 meant that the positive charge on the silica
particles is not readily reversible, for example, via flushing, dilution, filtration, and the like.
A permanent positive charge may be the result, for example, of incorporating a cationic
compound on and/or in the particle. The cationic compound may include, for example, a

nietal cation, a mitrogen containing compound such as an smine, andfor a phosphonium
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compound. A pernanent positive charge may vesults, for example, from a covalent
mteraction between the particle and the cationic compound and 18 in contrast to a reversible
positive charge that may be the result, for example, of an electrostatic mteraction between the
particle and the cattonic compound. 1 will be understood that the present disclosure is not
hnmted to any particudar means of oblaiming the permuanent positive charge.

16019F  Notwithstanding, as used berem, a permanent postitve charge of at least 6 mV
means that the zeta potential of the colloidal silica particles rentains above 6 mV afier the
following three step [iliration test. A volome of the polishing composition (e g, 200 mi} s
filtered through a Millipore Ultracell regenerated cellulose ultrafiltzation disk {e.g., having a
MW cutodl of 100,000 Daltons and a pore size of 6.3 nm). The remaining dispersion (the
approximately 63 md of dispersion that is retaived by the ultrafiltzration disk} is collected and
replenishied with pH adjusted dejonized water. The deiowized water is pH adjusted to the
ariginal pH of the polishing composition using a suitable inorganic acid such as nitric acid,
This procedure is repeated for a total of three filiration cveles. The zeta-potential of the iriply
filtered and replenished polishing composition 13 then measwed and compared with the zeta
potential of the original polishung compesition. This three step filtration test is further
Hlustrated below by way of example {Example 6).

{60201 While not wishing to be bound by theory, it 18 believed that the dispersion retained
by the vlirafiltration disk {the retamned dispersion) includes the silica particles and any
chenncal compeonents {e.g., cationic species) that may be associated with the swrface of the
particles {e.g., bonded, attached, electrostatically interacting, or in contact with the particle
surface). At least a portion of the hquid carrier and the chenucal components dissoltved
therein pass through the whirafiliration disk. Replenishing the retained dispersion fo the
original volume is believed to upset the equilibrium n the original pohishing composition
such that the chemical components associated with the particle surface may tend towards a
new equilibriam. Components that are strongly associated {e.g.. covalently bonded) with the
particle surface rentain on the surface such that there tends o be little i any change in the
positive zeta potential of the particle. In contrast, a portion of components that have a weaker
association {e.g., an electrostatio mteraction) with the particle surface may relum (o the
solution as the system tends towards the new equilibriim thereby resulting in a reduction in
the positive zeta potential. Repesting this process for a otal of three wlirafiitration and

replenishing cyceles is believed to amplify the above described effect.
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{821} It is preferred that there 15 litile difference betwesn the zets potential of the
colloidal silica particles 1 the origimal polishing composition and the collowdal silica particles
i the polishing composition afler the above described three step filtration test (aller
correcting for 1onic strength differences resulting from the {iliration test). For example, i1
preferred that the veta potential of the collowdal silica particles i the original polishing
composition 1s less than 10 mV greater thas the colloidal silica particies after the three siep

filtration test {e.g., less than 7 mV greater, fess than § mV greater, or even less than 2mV

greater).
{0022} The polishing composition is acidic having a pH of less than 7. The polishing

composition typically has a pH of 2 or more (e.g., 2.5 or more, or 3 or more). Preferably, the
polishing compusition: has a pH of 6 or less (e.g., S or less, or 4 or tess). More preferably, the
polishing composition has a pH in a range from 210 6 {e.p., from 2.5 t0 5, or from 3 o 4},
The pH of the polishing composition may be achieved andior mamtained by any suttable
means. The polishing composition may include substantially any suitable pH adjusting agents
or buffering svstems. Foy example, saitable pH adjusting agenis may mclude pitric acid,
sulforic acid, anvmonium hvdroxide, and the like while suitable buffering agents may incloade
phosphates, sulfates, acetates, horates, ammonium salis, and the hike,

{6023} The disclosed polishing compositions have been observed to achieve a higher
stheon dioxade (TEQS) polishing rate and therefore a fower W TEOS selectivity when the
electrical conductivity of the polishing composition 1s low. Example polishing composttions
may thereforg advantageously have an electrical conductivity of less than 2000 uSiem {(8.2.,
fess than 1500 pS/iom, less than 1000 uSiom, or less than 308 pSiom, or less than 6(%)
uSicm).

[6024]  Opuonal embodiments of the polishing composition may further include an iron
containipg accelerator. An iron containing accelerator as used herein is an fron comaining
cheniecal compound that increases the removal rate of tungsten during a tungsten CMP
aperation. For example, the won containing accelerator may include an wron containing
catalvst such as is disclosed m L1.S. Patent Nos. 5,958 28 and 5,980,775, Such an iron
containing catalys may be soluble in the hguid camer and may include, for example, fetvie
(iron 1) or fervous (iron 1) compounds such as ron nitrate, iron sulfate, tron halides,
melading fluonides, chlorides, bromides, and iodides, as well as perchiorates. perbromates
and peniodates, and organic iron compounds zuch as iron acetates, acetylacetonates, citrates,

ghrconates, malonates, oxalates, phthalates, and saccinates, and mixnures thereof,
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{8251 An iron containing acceleraior may also nchude an ron comtaining activaior (e.g.,
a free radical producing compound} or an won containing catabyst associated with (e.g.,
coated or bonded to) the surface of the colloidal silica particle such as is disclosed in ULS.
Patent Nos. 7.000,530% and 7,077 880, For example, the wwon containing acceleralor may be
bonded with the silanol groups on the surlace of the colloidal surface particle. In one
embaodiment the won contatning accelerator may include a boron contatning stabilizer and an
ron containing catalyst. In such embodiments the stabilizer and catalyst may ocoupy
substantially any percentage of the available surface sites on the collotdal silica particles, for
example, greater than %, greater than S0%, or greater than 80% of the available swface
sites.

{60261 The amount of iron containing accelerator in the polishing composition may be
varted depending vpon the oxidizing agent used and the chemical form of the accelerator.
When the preferred oxidizing agent hydrogen peroxide {or 118 analogs) is used and a soluble
iron contamning catalyst 1s used {such as ferric mitrate), the caialyst may be present in the
composition i an amouni sufficient to provide a range from 1 io 3000 ppm Fe based on the
toval weight of the composition. The polishing composition preferably ncludes 2 ppm Fe or
more {e.g., & ppin or more, 18 ppm or more, or 20 ppm or morg}. The polishing composition
preferably includes 300 ppm Fe or less {e.g., 200 ppm or less, 100 ppi or less, or 30 ppm or
fess). The polishing composition may thus include a range from 2 to 500 ppm Fe {e.g., from
3 {0 200 ppim, from 3 o 100 ppm, or from {0 to 50 ppm).

|8027% Embodiments of the polishing composition mcluding an iron containing
accelerator may further mchude a stabilizer. Without such a stabilizer, the sron containing
accelerator and the oxidizing agent may react in a manner that degrades the oxidizing agent
rapidly over time. The addition of a stabilixer tends to reduce the effectiveness of the iron
containing accelerator such that the choice of the type and amount of stabilizer added to the
polishing composition may bave g significant impact on CMP performance. The addition of
a stabilizer may lead 1o the formation of a siabilizer/accelerator complex that inhibits the
accelerator from reacting with the oxiduang agent while at the same time allowing the
accelerator to remam sufliciently active so a3 to promote rapid ungsten polishing rates.
{8028} Usefol stabilizers include phosphoric acid, organic acids, phosphonate
conpounds, niriles, and other ligands which bind to the metal and reduce its reactivity
toward hyvdrogen peroxide decomposition and mixture thereof The acid stabilizers may be

used in thetr confugate form, e.g., the carboxylate can be used mstead of the carboxyhie acid.



WO 2015/143270 PCT/US2015/021666

9

For purposes of this apphication the tenm "acid” as it 15 used 1o describe useful stabilizers also
means the conjugate base (or bases} of the acid stabilizer. For example the term "adipic acid”
means adipic acid and its conjugate bases. Stabilizers can be used alone or i1 combination
and significantly decrease the rate al which oxidining agents such as hyvdrogen peroxide
decompuoses.

160291 Prefarred stabilizers mclude acetic acid, phosphoric acid, phibalic acid, citric acid,
adipic acid, oxalic acid, malonic acid, aspartic acid, succimc acid, pluiaric acid, pumelic acid,
suberic acid, azelaic acid, sebacic acid, maleic acid, glutaconic acid, muconic acid,
ethylenediaminetetraacetic acid (EDTA), propylencdiaminetetraacetic acid {PDTA), and
nixtures thereof. The preferrad stabilizers may be added to the compositions and shuties of
this fnvention w an mnount ranging from 1 equivalent per won coptaining sccelerator (o 3.0
weight percent or more. As used herein, the term "equivalent per iron containing accelerator”
means one molecule of stabilizer per iron species in the composition. For example, 2
equivalents per iron contaming accelerator means two molecules of stabilizer for each won
species.

[6038]  The polishing composition may further wclude an oxidizing agent. The oxidizing
agent may be added to the polishing composition during the slurry manufacturing process of
Just prioy to the CMP operation fe.g.. i a tank Jocated at the senuconductior fabrication
facility). Preferable oxidixing agents include morganic or organic per-compoonds. A per-
compound as defined by Hawley's Condensed Chenuical Dictionary is a compound containing
at least one peroxy group (-0--0-} or a compound containing an element in s nghest
oxidation state. Examples of compounds containing at least one peroxy group inclade but are
not limited to hvdrogen peroxide and its adducts such as wrea hydrogen peroxide and
percarbonates, organic peroxides such as benroyl peroxade, perscetic acid, and di-t-buatyl
peroxide, monopersulfates (SO, dipersulfates (5:;0:), and sodiam peroxide. Examples of
componnds containing an element in its highest oxidation state inclade but are not hmited to
perodic acid, periodate sults, perbromic acid, perbromate sals, perchlovic acid, perchlorate
salts, perboric acid, and perborate salts and permanganates. The most preferred oxidizing
agents is hydrogen peroxide.

[0031} The oxidizing agent may be present in the polishing composition in an amouant
ranging, for example, from 0.1 to 10 weight percent, In preferred embodiments in which a
hydrogen peroxide oxidizer and a soluble iron containing accelerator are used, the oxidizer

nay be present in the polishing composition 1n an amount ranging from 0.1 o 6 weight
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percent {e.g., from (1.2 to 5 weight percent, from (.3 10 4 weight percent, or from £1.3 to 3
weight percent).

{6632} The polishing composition may optionally further mclude a compound that
infubits tungsten eichmg. Suable indubitor compounds mbibi the conversion of solid
tgsten into seluble tungsien compounds while at the same tme allowing for effective
removal of solid tungsten vig the CMP operation. Classes of compounds that that are useful
inhibitors of tungsten etching include compounds having nitrogen containing functional
groups such as nitrogen containing heterovcles, alkyl ammonium ions, amino alkyls, and
anuno acids. Useful amino alkyvl corrosion inhibitors include, for example, hexylamine,
tetramethyl-p-phenylene diamine, octylamme, diethylene triamine, dibutyl benzylamine,
aminopropyistancl, aminopropylsitoxane, dodecylamine, mixtares thereof, and synthetic and
natarally occwrring anuno acids incloding, for example, fvsine, tyrosine, platanune, ghitamic
acid, cystine, and glveine (aminoacetic actd).

{80331 The mbubitor compound may altermatively andfor addigonally motude an anung
compound in solution in the hguid carrier. The amine compound (or compounds) may
include g privaary anupe, a secondary amine, a tertiary amine, or a quaternary amine. The
aming compound may further inclade a monoamine, a diamine, a triamine, g tetranune, or an

aming based polvmer having a large mumber of repeating amine groups {e.g., 4 or more amine

CTOUPS}.
16034} In certain embodiments of the polishing compound the amine compound may

include a long chain alkyl group. By long cham alkyvl group # is meant that the amine
compound inchides an alkyl groap baving at least 10 carbon atoms {e.g., at least 12 carbon
atoms or at least 14 carbon atoms). Such amine compounds may iclude, for example,
dodecylamine, tetradecylamine, hexadecylamine, octadecylanune, oleyvlamine, N-
methyldioctvlamime, N-methyloctadecylamine, cocamidopropylamine oxide,
benzyldimethyihexadecyvlanmmonnnm chlonde, benzalkonnnm chloride,
cocoalkylmethyvlipolvoxyethviene (15) ammowum chiornide,
cetadecvimethyl{polyoxyethylene {133} ammonium chloride, and the ke

{80351 In certain embodiments of the polishing composition the amine compound may
wclude a polveationic amine. A polycationic amine (as the term is used herein) is an amine
compound having multiple {(two or more) anune groups m which each of the amine groups is
cationic {i.e., has a positive charge). Thus the polycationic amine may include a

polvguaternary aming. By polyquaternary amine it 1s meant that the amine compound



WO 2015/143270 PCT/US2015/021666

i1

wmctudes from 2 1o 4 guateriiary ammoniam groaps sech that the polvguaternary aming is 2
diguaternary anyne, a iriquaternary amine, or a tetragquaternary amine compound.
Diquaternary amine compounds may include, for example, N,N'-

methylenebis{ dimethylietradeclammonium bromide}, 1, 1.4 4-tetrabutyipiperazinediiam
dibromide, NN NN N.-pentamethyl-N-taHow-1, 3-propane-diammonmiam dichloride, NN~
hexamethyviensbis{irbutylammonim hvdroxide), decamethontum bromide, didodecyl-
tetramethyl-1 4-butanediammium diodide, 1, 3-dimethyl-1,5-diaroniabicyclof3.2. 2 nonane
dibropude, and the like. Triquatemary amine compoands may inclade, for example,

N N6 -didoeey NN NG ) N{6)~tetramethyl- 1 6-hexanedimminium diodide.
Tetraguaternary aming compounds may include, for example,

methanetetrayvetrakis{ letramethyviammonium bropude). The polyquaternary aming
compound may further inclade a long chain alkvl group (e g.. having 10 or more carbon
atoms}). For example, a polygyaternary amine compound having a long chain alky! group
may inchade N, N'-methvienshis (dimethylietradeclammeoenium bronude), NN NN K-
pentameathy}-N-tallow-1 J-propane-diammonium dichloride, didodecyi-tetramethvl-1,4-
butanediaminium ditodide, and N{D N(6)-didodecyI-N{ 1IN L, N6, N{6-tetramethyl-1 6-
hexanediapnnium ditodide.

{6036} A pobveationic aming may also be polveationic in that each of the anune groapy s
protonsted (and therefore has a positive charge}. For example, & dicationic amine such as
tetramethyl-p-phenylenediamine includes two tertiary amine groups that may be protonated
{and therefore positively charged) at polishing composition pH values less than the pKa of
the amine compound.

{0037} In certain embodiments of the polishing composition the amune compound may
include an amine bused polymer. Such a polymer includes four or more anine groups. The
amine based polymer may include, for example, trethylenetetraming,
tetraethvlenepentanune, pentaethylenchexamine. and polvmers including the following amine
containing functional groups methacryloylox-ethy! trimethyl smmonium methylsulfate,
diallyl dimethyl ammmonium chioride, and methacryviamido-propy! trimethyl ammonium
chioride.

0038} The polishing composition may include substantially any suitable concentration of
the ainine compound. In general the concentration is deswrably high enough (o provide
adeqaate etch mhibition, but low enocugh so that the compound 15 soluble and so as not o

reduce tungsten polishing rates below acceptable levels. By soluble it is meant that the
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compound 1s fally dissolved in the higuad carrier or that 1t forms micelles i the liqued carrier
ot 1s carried m mucelles. It may be necessary 1o vary the concentration of the amine
compound depending upon sumerous and various factors, for example, including the
sofubitity of the amine compound, the sunther of amine groups in the amine compouad, the
fength of an alkyl group i the amine compownd, the relationship between etch rate inhibition
and pohishing rate mhibition, the oxadizing agent used, the concentration of the oxidizing
agent, and so on. In certam desirable embodiments, the concentration of the amine
compound in the polishing composition is in a range from 0.1 uM to 10 mM {i.e,, from 107
to 107 molar). For example, in embodiments utilizing an amine based polymer having a high
molecular weight, the concentration may be on the lower end of the range {e.g . from 107 to
107" melar). In other embodiments utilizing a comparatively simple amine compound
{having fewer amine groups and a lower molecular weight), the concentration may be on the
higher end of the range (¢ g.. from 107 10 107 molar),

{89391 The polishing composition may opiionally further include a biecide. The bioaide
may include any suitable bocide, for example an sothiazohinone biocide. The amount of
biocide in the polishing composition typically is in a range from 1 ppm to 30 ppm, and
preferably from | ppm to 20 ppn.

{6046} The polishing composition may be prepared usiny sy suitable techniques, many
of which are known to those slalled in the art. The polishing composition may be prepared i
a batch or continuous process. Generally, the polishing composition may be prepared by
combining the components thereof in any order. The term “component™ as used herein
includes the individual ingredients {e.g., the colloidal sthica, the iron comtaining accelerator,
the amine compound, efc.)

[6041]  The colloidal silica may be dispersed iy the aqueous bguid carmer. Qther
components sach as an irop coptaining accelerator and a stabilizer may then be added and
mixed by any method that 1s capable of incorporating the components mto the pohishing
composition. The oxidizing agent may be added at any time during the preparation of the
polishing composition. For example, the polishing composition may be prepared prior {0 use,
with one of more components, such as the oxidizing agent, being added st prior lo the CMP
operation (e g, within | mimste, or within 10 minates, or within | howr, or within | day, or
within 1 week of the CMP operation}. The polishing comiposition also may also be prepared
by mixing the components at the surface of the substrate {e.g., on the polishing pad} during

the CMP operation.
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{80421 The polishing composition may be supplied as a one-package system comprising a
collotdal silica having a permanent positive charge of at least 6 mV, an amine compound, an
optional iron contaming accelerator and stabilizer, an optional biocide, and water. The
oxichizing agent desirably is supplied separately from the other components of the polishing
composition and is combined, e.g., by the end-user, with the other components of the
polishing composition shorily before use (e.g., 1 week or less prior to use, 1 day or less prior
to use, 1 howr or less prior to use, 1) minutes or less prior (o use, or 1 minute or lass prior to
use). Various other two~contaimer, or three- or more-conlainer, combinations of the
components of the polishing composition are within the knowledge of one of ordinary skill in
the art.

{0043} The polishung composition of the invention may also be provided as a conventrate
which 1s intended 1o be diluted with an appropriste amouant of water prior to use. In such an
embodiment, the polishing composition concentrate may include the colloidal silica having a
permaent positive charge of af Iesast ¢ mV, the amine compound, the optional on
containing accelerator and stabilizer, the optional biocide, and water, with or without the
oxidizing agent, in amounts such that, upon dilution of the concentrate with an appropriate
amount of water, and the oxidizing agent if not already present in an appropriaie mnount,
each component of the polishing compostion will be present in the polishing composition m
an amount within the appropriate range recited above for each component. For example, the
collondal silica having & permanent positive charge of at least 6 mV, the anine compound.
the optional iron containing accelerator and the stabilizer, may each be present in the
polishing composition in an amount that 15 2 times (e.g., 3 times, 4 times, § times, ot even 1
times) greater than the concentration recited above for cach component so that, when the
concentrate is diluted with an equal volume of (e.g., 2 equal volumes of water, 3 equal
vohimes of water, 4 equal volames of water, or even 9 eqaal volumes of water respectively),
along with the oxidizing agent m a suitable amount, each component wall be present in the
polishing composition in an amount within the ranges set forth above for each component,
Furthermore, as will be understood by those of ordinary skill in the art, the concentraie may
contain an appropriate fraction of the water present m the [lnal polishing composition in order
to ensure that other components are at feast partially or fally dissolved in the concentrate.
[6044]  Although the polistung composition of the invention may be used to polish any
substrate, the polishing composition is particalarly useful in the pohishing of a substrate

comprising at least one metal including tungsten and at least one dielectric material. The
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tengsten laver may be depostiad pver one o more barrier fayvers, for example, mcluding
titanim and titanium murde (TiN}. The dielectric layer may be a metal oxide such as a
silicon oxide layer derived from tetraethviorthosilicate (TEOS), porous metal oxide, porous
or non-porous carbon doped silicon oxide, fuorine-doped silicon oxide, glass, orgamie
polvmer, floorinated organic polymer, or any other suttable high or low-k insulating layer.
The composiiion is particularly well sutted for use 1 a tungsten CMP buffing operation in
which i is desired for the tungsten and TEQS polishing rates to be about equal (1e.. a
W.TEOS selectivity of 1:1). For example, the composition may be used to achieve a TEOS
polishing rate at least 30% of the tangsten polishing rate (e.g., at least 8% of the wngsten
polishing rate, or ai least 1% of the tungsten polishing rate, or at least 13(% of the tungsten
polishing rate, or even at least 200% of the tungsten polishing rate}. The W:TEOS selectivity
of the polishing composition may be obtained via blanket wafer measurements or patierned
wafer measurements,

{89451 The polishing method of the nvention is particularly suited for use in comjunction
with a chemical-mechanical polishing {OMP) apparatus. Tvpically, the apparatus comprises
a platen, which, when in use, i3 in motion and has g velocity that results from orbital, hnear,
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 subswate (o be polished by contacting and moving
relative 1o the surface of the polistung pad. The pohshing of the subsirate takes place by the
substrate being placed n contact with the polishing pad and the polishing compuosition of the
invention and then the polishing pad meoving relative 10 the substrate, so as to abrade at least a
portion of the substrate (such as tungsten, tHaniom, Utanimm nitvide, andfor a diglecinic
material as described beremn) to polish the substrate.

[6046] A substrate can be planarized or polished with the chemical-mechanical polistung
composition with any suitable polishing pad {e g, polishimyg surface). Switable polishing pads
mchde, for example, woven and non-woven polishing pads. Moreover, suitable polishing pads
can comprise any sultable polvmer of varving density, hardness, thickness, compressibility,
ability to rebound upon compression, and compression moedulus. Suitable polyiners include, for
example, polvvinyichionde, polyvinvifluonide, nylon, uorocarbon, polycarbonate, polyester,
polyacrylate, polyether, polyethylene, polyanude, polyurethane, polystyrene, polypropylene,
coformed producis thereof, and mixtures thereof,

{0047} The following examples further Hlustrate the mvention but, of course, should not

be construed as 1n any way himiting its scope.
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EXAMPLE 1
{0048} The silicon oxade {TEOS) polishing rate was evaluated wn this example for various
polishing compositions. This example demonstrates the sffect of collpidal silica particle
aguregation on the TEOS polishing rate. The TEOS polishing rates were pbtained by
polishing eight inch walers having a TEOS layer using a Miurra® CMP tool (available from
Apphied Materials) and an IC1610 polishing pad at down-foree of 1.5 psi, a platen speed of
100 rpm, and a slarry flow rate of 130 mifmim. Three colloidal silica particle dispersions
were evalaated. Fach of the dispersions had a primary particle size of 30 nm. The first
dispersion { 1A} was made up of predominantly non-aggregated primary colloidal silica
particles. The second dispersion (1B} was made up of predomingtely aggregated colloidal
stlica particles in which more than 50% of the aggregates included two primary particles.
The third dispersion (1C) was made up of aggregated collodal silica particles in which
greater than 30% of the aggregates included three or move primary particles. Each of the
dispersions was diluted with detonized water such that 1t incloded 1.5 waight percett
coltoidal sifica abrasive particles. Each of the polishing compositions had a pH of 3.2 and
further mcluded 0.015 weight percent benzotriazole, 0.015 weight percent 3-Amuno-1H-
teirazole anhyvdrous (ATA), 0.010 weight percent DL Alanine, and 0.5 weluhi percent
hyvdrogen paroxide. Table 1 shows the TEOS polishing rate obtamned for each colloidal silica
dispersion.

Table |

Collowdal Sikica Solids TEOS Polishing
Dispersion {percent) Rate (&/min)
tA 2 IR}
iB 2 i
iC 2 1106

{90491 As is apparent from the results set forth m Table 1, colloidal silica dispersion 1C
{made up ol aggregated collowdal silica particles 1n which greater than 30% of the aggregates
included three or more primary particles) exhibits a significantly increased TEOS polishing

rate as compared with colioidal silica dispersions 1A and 1B,

EXAMPLEZ
160507 The silicon oxide (TEORS) polishing rate was evaluated in thus example for various
polishing compositions. This example demonstrates the effect of collowdal silica particle
aggregation on the TEOS polishing rate. The TEOS polishing rates were obiained by

polishing eight inch wafers having a TEOS layer using a Mirra®t OMP tool {available from
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Applied Matesials) and an ICHO10 polishing pad at down-forces of G.75, 1.5, and 3.0 pst, &
platen speed of 100 rpm, and a slurry flow rate of 1530 mlimin. Two colloidal silica particle
dispersions were evaluated. Each of the dispersions had a primary particle stz of 20 nm.
The first dispersion (2A) was made up of predominately ageregaied collowdal sthica particles
i1 which more than 50% of the ageregates mchuded two primary particles. The second
dispersion (2B) was made up of aggregated collotdal silica particles in which grester than
309 of the aggregates included three or more primary particles. Each of the dispersions was
diluted with detonized water such that it included the indicated weight percent colloidal sihica
abrasive paricles. Each of the polishing compositions had a pH of 3.4 and further included
0.0267 weight percent malonic acid, 0.02 weight percent of an amine modified
hyperbranched polymer, and 2 weight percent hivdrogen peroxide. Tabde 2 shows the TEOS
polishing rate obtained for each composition.

Table 2

Collowdal Silice Solids Dow-force TEOS Polishing
Dispersion {percent} {psi) Rate {A/min)
2A 2 1.5 Gt}
2A 2 3 770
2B 1 1.8 SR
28 i 3 1310
28 2 Q75 634}
2B 2 1.8 1130

{6051} As is apparent from the resalts set {orth in Table 2, colloidal sihca dispersion 2B
{made ap of aggregated colloidal silica particles in which greater than 309 of the aggregates
mcluded three or more primary particles) exhubits o significantly increased TEOS polishing
rates as compared with colloidal silica dispersion 2A. For example, even at half the sohds (3
s. 2%} and half the polishing down-force (1.5 vs 3 psi} dispersion 2B exhiluts a greater
TEOS polishing rate than dispersion 2A (880 vs 770 Asmin). At comparable solids (2%) and
down-force (1.5 psi) dispersion 2B exhubits g TEOS polishing rate approximately twice that

of dispersion 2A {1130 vs 640 Afmin).

EXAMPLE 3
{6052} The sthcon oxide (TEOS) polishing rate was evaluated in this example for various
pohishing compositions. This example demoustrates the effect of collowdal silica particle
aggregate size on the TEOS polishing rate. The ageregate size for each of the collowdal

silicas was measured using 8 Zetasizer® avatlable from Malvem Instruments®. The TEQR
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podishing rates were oblained by polishing sight ich walers having 2 TEOS laver using a
Mirra® CMP tool (available from Applied Materials) and an 1C1010 polishing pad st down-
forces of 1.5 psi, a platen speed of 100 rpun, and a slury Bow rate of 150 mifmin. Colloidal
sihica dispersions were prepared in which the dispersion was made up of aggregaied colloidal

stltca particles in which greater than 30% of the aggregeates included three or more privuary
particles. The average apgregate size ranged o 25 to 88 nm. Each of the dispersions was
diluted with detonized water such that it contained 3.0 weight percent colioidal silica abrasive
particles. Each of the polishing compositions had a pH of 4.0 and farther inchuded 0.0025
weight percent Dowfax® C1OL (available from Dow Chemical Company), (.1 weight
percemt S-amino-Hietrazole anhydrous, 0.03 weight percent acetic acid, 0.0014 weight
percent of a Kathowk micrebicide {available from Dow Chenncal Companyy, and .25
weight percent hydrogen peroxide. Table 3 show the TEOS polishing rate obtaned for each
composition.

Tahle 3

Colloidal Silica | Aggregate TEQS Polishing
Dispersion Size {nm) Rate (Aiming

34 25 400

38 M3 350

30 32 &10

3D 39 {90

3E 42 130
3F 45 TR
3G 48 1110
3H 50 1190
31 37 1140
33 64 1340
3K 67 94{}
3L 88 8{3{1

{6053} As is apparent [rom the results set forth in Table 3, a colloidal silica dispersion
made up of aggregated colloidal silica particles in which greater than 3096 of the aggregates
inchuded three or more primary particles exhibnts o maxtmum TEOS polishing raie when the
ageregate size is S0 mm. The TEOS polishing rates are highest in o range of apgrepgate sives
from 40 to 70 nm or from 45 (0 65 am.

EXAMPLE 4
|03} The silicon oxide {TEOS) polishing rate was gvaluated in this example for various
polishing compositions. This example demonstrates the effect of the pH of the polishing

composition on the TEQOS polishing rate. The TEOS polishing rates were obtained by
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podishing eight inch wafers having 2 TEOS layer wsing a Mirra® CMP tool {available from
Applied Materials) and an ICIO10 polishing pad at down-forces of 4 and 5 psi, a platen speed
of 100 rpm, and a sharry How rate of 250 nl/min. A colloadal silica dispersion was prepared
inn which the dispersion was made up of aggregated collowdal silica particles w which greater
tran 30% of the aggregates ncluded three or more privoary particles, The dispersion was
diluted to 2% solids and pH adjusted to pH values of 2.2, 2.3, and 3.0 using nitric acid. Table

4 shows the TEOS polishing rate obtained for sach composition,

Tahile 4
Polishing pH Down-force TEOS Polishing
Composition {psi) Rate (Adnun)
44 Z2 4 Bl
22 ) 1026
45 2.5 4 1140
2.5 5 1430
4 3.0 4 2350
30 5 2444
[8055]  Asis apparent [rom the results set forth in Table 4, g colloidal silica dispersion

made up of aguregated collowdal silica particles in which greater than 3% of the apgregates
moluded three or more primary particles exhibits a significantly increased TEQS polishing

rate when the pH s greater than 2.5,

EXAMPLE S

40561 The wengsten polishing rate, tungsten etch rate, and silicon oxide {TEOS)
polishing rate was evaluated m this example for vanious polistung compositions. This
example demonstrates the effect of the pH, iron concentration, and the conductivity of the
polishing composition on the tungsten polishing rate, wungsten etch rate, and silicon oxide
(TEOS) polishing rate. The tungsten and TEOS polishing rates were obtained by polishing
eight inch wafers having either a tapgsten or a TEOS laver usig a Logitech Model 1 CDP
Polisher (Logitech Lid., Glasgow, UK} and an IC1010 polishing pad at a down-force of 3 psi,
a platen speed of 1hpm, and a slurry flow rate of 125 mi/min. Colloidal silica dispersions
were prepared in which the dispersion was made up of aggregated colloidal sihica panticles w

which greater than 30% of the aggregates included three or more primary particles. These
dispersions were added to mixtures including malonic acid, ferric mitrate nonahyvdrate
{Fe(NO: 3 9H{), and water to obtain the polishing conypositions shown in Table 5. The pH

of the polishing compositions were adjusted to 2, 3, or, 4 {as indicated) using nitric acid. The
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the tungsten polishing rate, tungsten etch rate, and sihicon oxide {TEOS) polishing rate

obtaingd for each composition.

Table 8
Polishing pH | FelNOu:s9H0 | Sohids Addiive Conductivity
Composiion | {ppm) {percent) {uSiom)

SA 3 S0 0.5 NA S30

5B 3 200 0.5 NA 747

SC 3 30 2 NA 3H3

5D 3 200 2 NA 747

SE 2 200 2 NA 4130

3F 4 200 2 NA 719

5G 3 200 2 200 ppm 812

K804
Table &
Pohishing W Polish W Ekh TEOS Rate W TEQS
Composition {A/min) { A/min) {8 /mim Selectivity
A 1200 &G 16RO 0.6:1
3B 1400 187 350 4411
5C 1170 “H 3120 041
3D 2170 {48 1270 1.7:1
SE 1390 170 4240 3.3:1
SF 2240 174 764 2.9:1
50 1840 171 7440 2.5:1
[8057} As is apparent [rom the results set forth in Tables § and 6 the use of a colloidal

silica dispersion made up of aggregated collnidal silica particles in which greater than 30%; of
the ageregates included three or more primary pariicles enabley the W and TEOS polish rates
to be wned over a wide range. For example, varving the pH, the iron concentration, snd the
sohids concentration enabled W TEOS selectivities to be achieved over a range from #04:1 1o
4:1W. As is also apparent from the resulis m Tables 3 and 6 polishung composition 3G
having a higher conductivity than counterpart pohishing composition 3D had a sigmficantly
tower TEOS polishing rate. Moreover, polishing compositions 3A and 3C haviag aa
electrical conductivity of less than 600 uS/om were observed to have W TEOS a selectivity
of less than 1:1 and TEOS removal rates of greater than 1500 A/min. This comparison
illustrates that controlling slurry conductivity can be useful in controlling the TEOS removal

rate and the W TEQS selectivity,
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EXAMPLE 6
{0058} ZFeta potential measprements and conductivity measurements were obtained for
treated silica samples before and afier filuation. A 200 ml volume of gach composition was
fittered through a Milhipore Ultracell regenevated celluiose ultrafilration disk (having a MW
cutoff of 10,000 Daltons and a pore size of 6.3 nm). The remaming dispersion {the
ispersion that was retamed by the ultrafiliration disk) was collected and replenished 1o the
original 200 mi volume using detonized water adjustad to the starting pH of 3 using nitric
acid. This procedure was repeated for a total of three ultrafiltration cycles {each of which
mcluded an ultralilration step and a replerushing step). After three filtrabon cycles, the
conductivity of the {iltered/replenished polishing compuosition was adjusted back to the
original value using potassium chlovide. The veta~-potentials and electrical conductivities of
the polishing compositions were measured before and after the altrafilivation procedure (e,
for the original polishing composition and the triply ulira~filtered and replenished polishing
compuasition). The zeta-potentials were measured using a Maodel DT 1202 Acoustic and
Electro-acoustic spectrometer {available from Dispersion Technologies).
[6039}  Table 7 shows the measured zeta potentigls and conductivities for polishing
composiions 6A and 68. Polishing composiiion 0A contained a 35 nm colloadal silica m
which greater than 30 percent of the aggregates included three or more primary particies
while polishing composition 7B contained a 533 sm colloidal silics treated with
tetrabutylammonium hydroxide. As described above, the zeta potential and elecirical
conductivity of the original compositions were measured before and after above described
uhirafiltration procedure.

Table 7

Pohshing | Conductivity | Conductivity Adjusted Zeta Zeta
Composition Before Alter Conduciivily Potential Potential
{usfomy {msfom) {usiem} Before After
(mV'} (V)
0A 459 418 458 14 9
6B 1083 1030 NA 16 3
[8060]  Asis apparent Irom the results set forth in Table 7, the reta potential of sample 6A

is essentially un-changed by filivation mdicating that the collvidal silica has a permanent

positive charge of 9 mV. The seta potential of sample 68 decreased from 0 0 3 mV

mdicating that the positive charge on the collosdal sihica was not permanent.
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{61} All references, tncluding publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
mdividually and specifically mdicated to be incorporated by reference and were set forth in
its entirety herein.

6062} The use of the terms “a” and “an” and “the”™ and simdar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the phural, unless otherwise indicated herein or
clearhy contradicted by context. The terms “comprising,” “having,” “includimg,” and
“contaming” are to be constraed as open-ended terms (1.e., meamng “including, bt pot
timited 10,7 unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as & shorthand method of referring individeally (0 each separate value
{utling within the range, anless otherwise indicated herein, and each separate valoe is
mcorporated into the specification as i it were individually recited herein. Al methods
deseribed herein can be performed m any suitable order unless otherwise mdicated herein or
utherwise clearly contradicied by context. The use of any and all examples, or exemplary
tanguage {e.p, “such as”) provided heren, is intended mevely o better Hlunungte the
invention aud does not pose a limitation on the scope of the myvention unless otherwise
claimed. No language m the specification should be construed as mdicating any non-claimed

elerent as essentiad to the pracuice of the invention,

{60631 Preferred embodiments of this invention are described heremn, incloding the best
mode known o the inventors for carrying out the invention. Variations of those preferred

embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoimg description. The mventors expect skilled artisans to employ sach vanations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specificalty described herein. Accordingly, this ivention inchudes all modifications and
equivalents of the subject matter recited in the clanms appended hereto as permutted by
applicable law. Morcover, any combingtion of the above-deseribed elements in all possible
variations thereof 1s encompassed by the invention unless otherwise indicated herein or

utherwise clearly contradicied by coutext.
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CLAIMS

1. A chemical mechanic polishing composition comprising:

a water based Hauid carrier;

collodal silica abrasive partivles dispersed 1o the Hquad carmier, wherein 30 parcent oy
more of the colloidal silica abrasive particles mclude three or more aggregated primary
particles, the colloidal silica abrassve particles having a permanent positive charge of at least
fmy,

an jron contaming accelerator; and

an oxidizer,

2. The composition of clatim 1, wherein the won containing gccelerator comprises

a soluble iron containing catalyst

3 The composition of claim 1 Auther comprising a stabiliver bound to the

soluble won containing catalyst, the stabilizer being selected from the group consisting of
phosphoric acid, acetic acid, phthalic acid, citric acid, adipic acid, oxalic acid, malonic acid,
aspartic acid, succinic acid, glotanic acid, punelic acid, suberk acid, arelaic acid, sebagic
acid, maleic acid, glutaconic acid, muconic acid, ethylenediaminetetraacetic acid,

propylenedianunetetraacetic acid, and mixtures thereofl

4. The composition of claim |, wherein the oxidirer compnises hvdrogen
peroxide.

5. The composition of claim I, having a pH in a range from 3 to 4.

6. The composition of claim |, having an electrical conductivity of less than

HOO0 nSiem,

7. The composition of claim 1, having an elecirical conductivity of less than 600
uSiom.
& The composition of claim 1, wherein the collowdal stlica abrasive particles

have a mean particle size in a range fom 40 nm to 70 nm,

9. The composition of claim 1, wherein the coloidal silica abrasive panticles
have a mean particle size in a range fom 45 nm {o 63 nm

Hy The composition of claim 1, comprising from 1 weight percent to 4 wejght

percent of the collotdal silica abrasive particles.
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11, The composition of claim 1, further comprising an amine compound in

solution m the liquid carrier.

12, The composition of claim 1, wherem:

the compuosition has a pH in a range fom 3 o 4,

the composition has an electrical conductivity of tess than 1000 uSicm,

the composition has from 1 weight percent to 4 weight percent of the colloidal silics
abrasive particles; and

the colloidal sihica abuasive particles have a mean particle size 1w a range from 40 nm

o 70 nm,

13, A chemical mechanic polishing composition comprising:

3 water based ligwmd caryier;

colloidal silica abrasive patticles dispersed 1 the tipud carvier, the colleidal silica
abrasive pavticles having a permanent positive charge of at least 6 mV, wherein 30 percent or
more of the colloidal silica abrasive particles mclude three or more aggregated primary
particles; and

an oxidizer;

wherein the polishing composition includes from 1 weight percent to 4 weight percent

of the colloidal silica abrasive particles.

14, The composition of claim 13, wherein the exidizer comprises hydrogen

peroxide.
15, The composition of claim 13, having a pH 1 a range fom 3o 4,

16, The composition of claim 13, having an electrical condoctivity of less than

OO0 pSiom.

17 The composition of claim 13, having an electrical conductivity of less than

600 uSiem.

18, The composition of claim 13, wherein the coBlotdal silica abrasive particles
have a mean particle size in 3 range from 40 rm o 70 nm.

19, The composition of claum 13, wherein the colondal silica abrasive particles

have a mean particle size wy a range from 43 mn o 63 noy
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20.  The conposition of claim 13, Arther comprising an amine compound in

solution m the liquid carrier.

21 A method of chenuical mechanical polishing a substrate mcluding tungsten and
silicon dioxide lavers, the method comprising:
(a} contacting the substrate with a polishing composition comprising:

{13 a water based hquid carner;

{11}  colloudal sifica abrasive particles dispersed in the hiquid carrier,
wheretn 3 percent or move of the collotdal silica abrasive particles melude three or
more aggregated primary particles, the colloidal silicn abrasive particles having a
permanent positive charge of at least 6 mV;

{11}  an on containmg accelerator; and

{ivy  anoxidizer
(b moving the polistung composition relative o the substrate; and
{c} abrading the substrafe to remove a portion of the tungsten from: the subsiraie

and thereby polish the substrate.

22. The method of claim 21, wheren a rate of removal of silicon dioxide in (o) s
greater than or equal to a rate of removal of tngsten i {¢).

23, The method of clamm 21, wherem the polishing compostiion hasapH i a
range from 3 to 4,

24, The method of claim 21, wherein the polishing composition has an electrical
conductivity of less than 1000 pS/em.

25, The method of claim 21, wherein the collotdal silica abrasive particles in the

potishing composition have a mean particle size m a ranze from 45 an to 63 nm.
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