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MIXED ABRASIVE TUNGSTEN CMP COMPOSITION

BACKGROUND OF THE INVENTION
{6001} Chemical mechanical polishing (CMP} compositions and methods for polishing
{or planarzing) the surface of o substrate are well known in the avt. Polishing 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 1o the substrate, pressing the substrate apainst 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 activily of the polishing composition {e.g., by an oxidizing agent and other chemical
components present i the CMP composition) andfor 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 gxample, excessive array erosion may lead to difficulties in subsequem‘ lithography steps
as well as cmsse electrical contact problems that can degrade elecinical parformance.
16004}  The sennconductor industry 1s also subject o continuing downward pricing
pressure, [n order to matiain an economicaily favorable CMP process, high throughput is
comunonly requred thereby necessitatig 2 high tungaten removal rate (as well as high

removal rates of any barnerbinder layers). The downward pricing pressure also extends to
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the UMP comsumables themselves (v.g., the slurries and pads). Such pricing pressure poses g
challenge to the sturry formulator as the pressure to reduce costs often conflicts with desired
slurry performance metrics. There 1s a real need in the industry for a tungsten CMP sluiy

{composition} that provides tmproved planacity at lmgh throughput and raduced costs.

BRIEF SUMMARY OF THE INVENTION
160051 A chenucal mechanical pohshing compesition for polishing a substrate having a

tangsien laver is disclosed. The polishing composition includes a water based higuid carrier,
first and second colloidal stlica abrasives dispersed in the Hguid carvier, and an iron
contatning accelerator. The first colloidal silica abrasive and the secoud collmdal sihea
abrasive each have & permanent positive charge of @t least 10 mV, Moreover, an average
particle size of the second silica abrasive is at least 28 nanometers greater than an average
particle size of the first stlica abrasive. A method for chemical mechanical polishing a
substrate including a tungsten layer 1s further disclosed. The method may include contacting
the subsirate with the above desciibed polishing composition, moving the polishing
composition refative 10 the subsirate, and abrading the substrate to remove a portion of the

tungsten from the substrate and thereby polish the substrate,

BRIEF DESCRIPTION OF THE DRAWINGS
{6006} For a more complete understanding of the disclosed subjeet matter, and
advantages thergof, reference is now made to the following descriptions taken i conjunction
with the accompanying FIG. | which depicts pavticle size distributions m a plot of height
{hgde) versus particle diameter (nmj for polishing compositions 94, 9B, 9C, 9D, and 9E of

Example 8.

DETAILED DESCRIPTION OF THE INVENTION
(LU In one embodiment, a chenical mechamcal polishing composition for polishing a
substrate having s tungsten layer includes a water based Haguid carrier and first and second
colloidal sitica abrasives dispersed in the hiquid carrier, and an iron contaiing accelerator.
Each of the colloidal silica abrasives has a permanent positive charge of at least 10 mV. The
average particle size of the second colloidal silica is at least 20 nanometers greater than the
average particle size-of the first colloidal stlica. The polishing corgposition may forther
optionatly include a stabiltzer bound to the iron containming accelerator, a hyvdrogen pevoxide
oxidizer, andfor a pH m arange from 1.5 0 5.0. The first and second colloidal sibica

abrasives may also be treated with an aminosilane compound.
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{80081 The first silics abrasive includes colfoidal stlica particles. As wsed bersin the tarm
colloidal silica particles refers to silica particles that are prepared via a wet process rather
than a pvrogenic of Rame hydrolvsis process which produces structurally different particles.
The collowdal silica parficles may be aggregaied or non-aggregated. Non-ageregated pariicles
are individually discrete particles that nray be spherical or nearly sphencal in shape, but can
have other shapes as well {such as generally elliptical, square, or rectangular cross-sections}).
Apgregated particles are particles it which nmultiple discrete particles are clustered or bonded
together (o form aggregates having generally nrregular shapes.

[o0a9} Preferably, the colloidal sihica is precipitated or condensation-polymenized silica,
which may be prepared using any method known 1o those of sedinary skilf in the ant, such as
by the sol gel method or by silicale jon-exchange. Condensation-polymerized silica particles
ave often prepared by condensing SHKOH), to form substantially spherical particles. The
precursor Si{OH )y may be obtained, for example, by hydrolysis of high purity atkoxysilanes,
or by acidification of aqueous silicate solutions. Such abrasive particles may be prepared, for
example, m accordance with LIS, Pat. No. 3,230,833 or may be obtained as any of various
conunercially available products such as the BINDZIL S0¢80, 304310, and 40/130 products
from EKA Chenucals, the Fuso PL-1, PL-2, PL-3, aud PL-3H poducts, and the Naleo
10344, 10350, 2327, and 2329 products, as well as other similar products avatdable from
DuPont, Bayer, Apphed Research, Nissan Chemical {the SNOWTEX products), and Clariant.
{60167 The second silica abrastve may inclode substantially any swiable sihea abrastve
particles, for example, including the aforementioned colloidal sthica and pyrogenic {fumed)
sifica. Pyrogenic silica is produced via a flame hydrolysis process i which saitable
feedstock vapor (such as sitheon tetra-chloride) 18 combusted 1n a flame of hvdrogen and
oxygen. Molten particles of roughly spherical shapes are formed m the combustion process,
the diameters of which may be varied via process parameters. These molten spheres,
commonly referred to as primary particles, fuse with one another by undergoing collisions at
their contact points to form branched, three dimensional chain-hike aggregates. Fumed silica
abrasives are commercially available from a number of suppliers mcluding, for example,
Cabot Corporation, Evonie, and Wacker Chamie.

{0011} The particle size of a particle suspended in a dispersion may be defined in the
wdustry using various means. In the embodiments disclosed hervein, the particle size is
defined as measured by the CPS Disc Centrifuge, Model DC24000HR {avadable from CPS

Instruments, Prawieville, Louisiana). The abrasive particles may have any suitable particle
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size. The abrasive particles may have an average particle size of 1 no or more {ep., 20 am
ar more, 40 nm or more, 5O am or more, 88 nm or more, or 100 mm or move). The abrasive
particies may have an average particle size of 200 nm or less {e.g., 180 nm or fess, 130 nm or
bess, 130 nm or fess, 110 nm or less, or 80 nm or less). Accordingly, the abrasive pavticles
nay have an aversge particle stre In a range {rom 10 wm to 200 nm {e.g., from 20 nm to 180
nm, of from 50 1o 130).
8012} The first sihica abrasive has an average particle size that differs from an average
particle size of the second silica abrasive. For example, the average particle size of the first
sifica abrasive may less than that of the second silica abrasive. Alternatively, the average
particle size of the first silica abrasive may be greater than that of the second silica abrasive.
The first silica abrasive may have an average particle size that differs from the average
particle size of the second silica abrasive by at least 20 nm {e.g . at Jeast 30 nm). The average
particle size of the second silica abrasive is preforably at least 20 wn {e.g., at least 30 nm)
yreater than that of the first silica abrasive.
{0013} The average particle size of the first silica abrasive may be 10 am or more {e.g.,
30 i or move, 40 mm or more, or 50 mm or more). The average particle size of the first
silica abrasive may be 130 nm or less {e.g., 110 nm or less, 100 nm or less, or 20 mm or less).
Accordingly, the average partivle sive of the first silica abrasive may be in a range from 10
nantto 130 am {e.p., from 20 nmto 110 nm, from 40 to 100 nm, or from 50 (0 90 nm). The

.....

average particle size of the second silica abrasive may be B0 nm or more (2.2, 90 nm ov
more, 100 nm or more, or 110 nm or more). The average particle size of the second siica
abrasive may be 200 nm or less {e.g., 180 nm or less, 1760 nm or less, or 168 nm or less).
Accordingly, the average particle size of the second silica abrasive may be tn a range from 80
pm 10 200 nmm {e.g., from 90 nm to 180 mn, or from 100 to 160 nm).

{0014} The [irst and second silica abrasives may include a partially aggregated cotlowdal
sthica. By partially aggregated it is meant that 5 percent or more of the collowdal sihica
abrasive particles include two or more aggregated pnimary particles {e.g., two, three, four, or
more aggregated primary particles). Thus in an embodiment i which each of the first and
second sibica abrasives wclude partially aggregated collodal silica, 50 percent or more of the
colloidal silica abrasive particles i the first sifica abrasive inclade two or more aggregated
primary particles and 30 percent or more of the colloidal silica abrasive particles in the
second silica abrasive inchude two or more aggregated primary particles. For example, a

polishing composition nay include a first silica abrasive in which 50 percent or more of the
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abrasive particles mchuade two aggregated primary particles and a second silica abrasive in
which 30 percent or more of the abrasive particles mclude two aggregated primary particles.
{6015} A partially aggregated dispersion in wihich 30 percent or more of the colloidal
sthica abrasive particles mclade two or more aggregated primary particles may ba preparad,
for example, using & multi-step process s which primary particles are frst grown i solution,
for example as described in the 833 patent. The pH of the solution may then be adjusted to
an acidic value for a predeternuned time period to promote aggregation {or partial
aggregation). An optional final step may allow for further growih of the aggregates (and any
remaining primary particles).
{8016} In embodiments in which the first and second silica abrasives both have a
permaneni positive chavge, disclosed polishing compositions may include a nuxed abrasive or
a single abrasive having a bimodal distribotion. By mixed abrasive it is meant that distinct
first and second dispersions are mixed together after the abrasive particles have been fully
growa. A single abrasive having a bimodal distribution is a dispersion m which the colloidal
sitica particles have been processed 30 as to grow abrasive particles having a bimodal
distribution.
{6617} The polishing composition may include any suitable amount of silica abrasive
particles. The polishing composition may mclude 8.01 weight percent or more of sach of the
{irst sihica abrasive and the second silica abrasive {e.g., 0.02 weight percent or move, abowt
05 weight percent or more, or 0.1 weight percent or mm‘e}, The polishing composition may
include 1 weight percent or less of each of the first silica abrasive and the second silica
abrasive {e.g., 0.8 weight percent or less, 0.6 weight percent or less, or (.4 weight percent or
fess). Accordingly, the amount of each of the first sthica abrasive and the second silica
abrasive may be in a range from 0.01 weight percent to 1 weight percent {e.g., from (.02
weight percent (o 0.8 weight percent, from .05 weight percent t0 9.6 w me percent, of from
0.1 weight percent 1o 0.04 weight percent). The total amount of sthea abrastve {the sum of
the amount of the first silica abrgsive and the amount of the second silica abragive) may be
fess than 2.0 weight percent {e.z., less than 1.5 weight percent, or less than 1.0 weaight
percent, or even less than 0.5 weight percent).
{0018}  The liquid carrier 15 used to facilitate the application of the abrasive and any
optional chemical addinives to the surface of a suttable substrate to be polished (e.g.,
planarized). The liqqud carrier may be any suitable carrier {2.g., a solvent} including lower

aleohols {e.g., methanol, ethanol, etc.}, sthers (e g, dioxane, tetrabvdrofuran, efc ), water, and
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migiures thereof, Preferably, the hauid carrigr comprises, consists essextially of, or consists
of water, more preferably deionived water,
{6619} The first silica abrasive includes colloidal silica particles having a positive charge

of at least 10 mV in the polishing composion. The charge on dispersed particles such as

L4

cotlowdsl silica particles s commonly refemed to in the art as the veta potential (or the
electrokinetic potential). The zeta potential of a particle refers (o the electrical potential
difference between the electricat charge of the jons surrounding the particle and the electrical
charge of the bulk sohstion of the pohishing composition (e.g., the liquid carrier and any other
components dissolved therein). The zeta potential is typically dependent on the pH of the
aqueons medigm, For a given polishing composition, the isoelectric pomnt of the particles is
defined as the pH at which the zeta potential is zero. As the pH is increased or decreased
away from the isoelectric point, the surface charge {and hence the reta potential) is
correspondingly decreased or increased (to negative or positive zeta potential values). The
zeta potential of a dispersion such as a polishing composition may be obtained using
comunercially available imstrumentation such as the DT-1202, an electro-acoustic
spectrometer avatlable from Dispersion Techunologies, Tnc.

{6626} The colloidal sifica particles of the {irst silica abrasive i the polishing
composition have a permanent positive charge of 180 mV or more {a.g., 15 mV or more oy 20
mV or more). The collowdal silica particles of the fivst silica abrasive in the polishing
composiion may have a permanent positive charge of 50 mV or less (e.g.. 45 mV or less, 40
mV or less, or 35 mV or less). Preferably, colloidal silica particles of the first silica abrasive
have a permanent positive charge in a range from 10 mV to SO mV (e.g., from 15 mV o 40
my).

[6021} By permanent positive charge it 1s meant that the posttive charge on the silica
particles is not readidy reversible, for example, via flushing, ditotion, Gltration, and the ke
A permanent positive charge may be the result, for example, of covalently bonding a cationic
species with the collodal sihica. A permanent positive charge is in contrast to a reversible
positive charge {a non-permanent positive charge) that may be the result, for example, of an
electrostatic mieraction between a cationic species and the colloidal silica.

j68221 Notwithstanding, as used heremy, a permanent positive charge of at least 10 mV
means that the zeta potential of the sihiea particles remains above 10 mV afler the following
three step altrafifiration test. A portion of a polishing composition {e.g., wmitially a 200 ml

sample) is passed through a Mithipore Ultracell regenerated cellulose vlivafiloation disk {e.g,
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having a MW cutoff of 100,000 Daltons and a pore size of 6.3 nm}. The remaining
dispersion {the approximately 63 ml of dispersion that is retamed by the whrafiltration disk) i3
collected and replenished to the original volume with pH adjusted deinnized water. The
deronized water 13 pH adjusted 1o the onginal pH of the polishing composition using a
sutiable morganic acid or base such as mitrie acid or potassium hydroxide. This procedure is
repeated for a total of three ultrafiltration cvcles {each of which mcludes an ultrafilteation step
and a replenishing step). The zeta-potential of the triply ultra-filtered and replenished
polishing composition is then measured and compared with the zeta potential of the original
polishing composition. This three step ultrafiltration test i further Hlustrated below by way
of examaple {in Example &),

{6023} While not wishing to be bound by theory, it is believed that the dispersion retaiued
by the nhrafilivavion disk {the retained dispersion} inchides the silien particles and any
chenncal compeonents {e.g., cationic species) that may be associated with the swrface of the
particles {e.g., bonded to, attached to, electrostatically imteracting with, or 1n contact with the
particle surface). Al least a portion of the hauid carnier and the chenucal components
dissolved therein pass through the ultrafiltration disk. Replenishing the retained dispersion to
the original volume is beligved to upsed the eqmlibvium in the onginal polishing composition
such that the chemical components associated with the particle surface may tend towards a
new equnlibriom. Compounents that are strongly associated {e.g., covalently bonded) with the
particle surface remain on the surface such that there tends to be little i any change in the
positive zeta potential of the particle. In contrast, a portion of compuonents that have a weaker
association {e.g., an electrostatic interaction) with the particle surface may retamn o the
solution as the systemn tends towards the new equilibrium thereby resulting 1 a reduction in
the positive zeta potential. Repeating this process for a total of three ultrafiltration and
replenishing cycles 1s believed to amplify the above deseribed effect.

{0024} Tt 1s preferred that after correcting for iome strength chfferences there s hitle {or
no} difference between the zeta potential of the silica particles in the origing! pelishing
composition and the silica parficies in the tmiply uliza-filtered and replenished polishing
composition obiained from the above described three step ultrafilivation test, 1t will be
understood that prior to correcting for iomie strength differences, the measured zeta potential
may be observed to increase due to the reduced tonic strength of the tnply ultra-filtered and
replenished polishing composition. After correcting for jonic strength differences, i 1s

preferred that any reduction 1y the positive charge (reduction in the positive zeta potenual) on
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the particles resulting from the aforementioned three step ultraliltration test ix less than 10
mV {e.g. less than 7 mV, less than 3wV, or even less than 2mV )

{6025} Silica abrasive particles containing an anunosilane compound may have a
permanent positive charge. Thus a permanent positive charge may be achisved, for example,
via reating the particles with at least one aminosilane compound. Such compounds imclude
primary aminosilanes, secondary aminostlanes, tertiary aminosilanes, quaternary
aminosilanes, and nulti-podal {e.g.. dipodal) aminosilanes. The anunosilane compound may
include substantially any suitable aminosilape, for example, a propyl group containing
anunostlane or an aminosiane compound imcloding a propyl anuine. Examples of suitable
aminosilanes may inchide bis(2-hydroxyethyl)-3-aminopropyl triatkoxysilane,
dithylapnpomethy lrialkoxysifane, (N N-diethyl-3-apunopropyDirlalkoxysilang}, 3-(N-
styryhmethyl-Z-aminoethviaminopropyt trintkoxvsilane, asmnopropy! trialkoxysilane, {(2-N-
benzylaminoethyl)-3-aminopropyl trialkexysiluned, triatkoxysilyl propyi-N N N-tnmethyl
ammeoinm clloride, N-{irialkoxvsilviethyDbenzyvi-N N N-nimethyvl ammonmmy chloride,
(i methvidialkonyvsilyvlpropyl-Nomethvl amine, bis{inialkoxysibvipropyinwea, hig(3-
{(trialkoxysilyDpropyti-ethylenedianine, bis(trialkoxysilylpropeDamine,
bis(trialkoxysitvipropyhamine, and muxtures thereof

{6026} Any suitable method of tresting the sthica particles, many of which are known 1o
those of ordinary skill in the art, may be used. For example, the silica particles may be freated
with the aminosilane contpound before mixing with the other componenis of the polishing
compasition or the anunosilane and the colloidal silica particles may be added simulianeously
to the other components of the polishing composition.

{0027} The anunosilane compound may be present in the polishing composition tn any
suttable amount. The amount of anunosilane utilized may depend on several factors, for
example, mchiding the particle size, the surface area of the particle, the particular
aminosilane compound used, and the desired charge on the particle. In general the amount of
aminosilane used increases with decreasing particle sixe (and therefore increasing surface
area) and increasing charge on the particle. For example, to achieve @ permanent positive
charge of 23 mV or mwore, 20 ppm or more of amynoesiiane may be used for a dispersion
having a pavticle size of 110 mm, 70 ppm or more of annnostlane may be used for a
dispersion having a particle size of 75 nmy, and {30 ppim or more of aminosilane may be used
for a dispersion having a parlicle size of 3§ nm. Thus the polishing composition may mnclade

5 ppm ot more {e.g., 10 ppmor move, 15 ppm or wore, or 20 ppm or more) of the
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aminosilane compound. The polishing composition preferably inchudes an amount of
anunosilane sufficient to provide the desived permanent positive charge without usimg an
exvess. Thus the pohishing composition may mchude 300 ppin ot less (2.g., 300 ppm or less,
or 200 ppm or less, or 130 ppm or less) of the aminosilane compound. Preferably, the
polishing composition includes a range from 5 ppm to SO0 ppm {e.g., from 10 ppm te 300
prs, front 13 ppm to 200 ppm, or from 20 ppm to 150 ppm) of the aminosilane compound.
80281 Polymer amines may be used o impart a permanent positive charge {(or a semi-
permanent positive charge that requires more than three ultra-filtration cveles to reverse} to
certain sihea abrasive particles. While such polvmer amines may provide a permanent {or
semi-permanent) positive charge to the silica particles, the presence of certain polymer
mmines may have a negative effect on tungsten removal rates w sonte CMP compositions and
CMP operations. Therefore, it may be preferable i certain embodiments that the polishing
compasition be substantially free of polymer amines {(and that the permanent positive charge
be maparted via other means).

{0029} In certain disclosed embodiments, the second silica abrasive may have a neatval
charge or @ non-permanent positive charge. By neutval charge it is meant that the zeta
potential of the silica abrastve particles is near zerp, for example, in a range from about <8 (o
5 mY. Siica abrastve particles having 8 newiral charge are gengrally mntreated. A sdica
abrasive having a non-permanent positive charge s one in which the abrasive particles have a
reversible (or partially reversible) positive charge of greater than 5§ mV {e.g. via flashing,
dilution, filtration, and the like). The above described ultra-Giltration test may be used to
discriminate between stlica abrasive particles having permanent and nog-permanent positive
charges. For example, silica abrasive particles having a non-permanent positive charge are
particles in which the positive charge is reduced below some threshold (e.g., 10 mV) after
uhira-filtration and veplemshing. Likewise, silica abrasive particles having a non-permanent
positive charge are particles in which the positive charge may decrease after correcting for
iouie strength differences {2.g., by more than 3 mV, or by more than 10 mV). This
distinction between a permanent and pon-permanent positive charge is further illustrated
Exampls 8.

6030} Silica abrastve particles in contact with a cation containing component e, a
positively charged species) may have a non-permaneit positive charge. Thus a non~
permaneni posttive charge may be achieved, for example, via treating the particles with at

feast one cation containing component. The treatment component may be selected, for
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example, from ammonnan salts (oreferably guaternary amine compounds), phosphioniam
sahts, salfonium salts, imidazoliom salts, and pyridininm salts. Ammonium salis may inchide
R'R'R'RIN'X; phosphonium salis may include R'RR'RPX": and sulfonium salis may
inchude RIRTRIS™N, where R, R, RY, and R represent independently a C1-Cs alkyl, a Cr-
C* arvialkyl, or & Ce-Che arvl. These groups can, of course, be further substitated with one
or mere hydroxyt groups. The anton X can be any suttable anion that prefembly does not
react with other components of the polishing composition. Non-hmiting examples of suitable
anions mnclade hydroxide, chloride, bromude, flaoride, nitrate, sulfate, hvdrogen sulfate,
methanesulfonate, methvisulfate (Le., CHLOS0), and the ke, The cationic component in
an ammonium salt may include, for example, tetramethylammoniam, tetraethylammoniam,
tetrapropylampioniem, tetrabutylammonium, tetrapentviammoniam,
ethyltrimethvlanmonnan, and diethyldimethyvlammonium. The cationic component in a
phosphonivm salt may include, for example, tetramethylphosphonium,
tetracthviphosphonam, tetrapropylphosphonium, tetrabutyiphosphonium,
tetraphenyfphosphonium, methyliriphenyiphosphonmm, sthyliniphenviphosphomsum,
butyltriphenylphosphomium, benzvitriphenylphosphonam, dimethyldiphenyviphosphonium,
hydroxymethyliriphenviphosphonium, and hydroxyvethyvliriphenviphosphonium. The cationic
component i a sulfoniam salt may include, fiy example, ttimethyisulfonnan and
miethyisulfonium. The cationic component in an imidazolium salt may include, for example,
1-gthyl-3-methylimidazolium, -butvi-3-methylinidazolivm, 1-benwyl-3-methylimidazohom,
I-hexyi-3-methylimidarzoliam, and 1-ethvi-2 3-dimethyliinudazolium. The cationic
component in a pyridinton salt may include, for example, amethylpyridiniumn,

{0031} The polishing composition is generally acidic baving a pH of less than 7. The
polishing composition typically has a pH of 1 or more (e.g., 1.5 or more, v 2 or more).
Preferably, the polishing composition has a pH of 6 or less (e.g., S orless, or 4 or less). More
preferably, the polishing composition has a pH in avange from 1 to 6 {e.g., from .51 5, or
from 2 1o 4, or from 2 10 3.5}, The pH of the polishing composition may be achieved andior
maintained by any suitabie means. The polishing composition may include substantally any
suttable pH adjesting agents or buffering svstems. For example, suitable pi adjosting agenis
may include nitric acid, sulfuric acid, phosphone acid, phthahe aad, oitrie acid, adipic acid,
oxalic acid, malomic acid, maleic aaid, ammomum hydroxide, and the like while suitable
buffering agents may nclude phosphates, sulfates, acetates, malonates, oxalates, borates,

ammoniom salts, and the ke,
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{8032} Optional embodiments of the pelishing composition may further inclade an von
containing accelerator. An ron containing accelerator as used herein is an fron contaimng
chemical component that increases the removal rate of tungsien during a fungsten CMP
opervation. For example, the iron contaming accelerator may include an ron contmning
catatyst such as is disclosed in ULS. Patents 3 938 288 and 3 980,775, Such an fron
containing catalyst may be soluble m the liquid carmer and may include, for example, ferric
{iron H1) or ferrous {iron I} compounds such as iron nitrate, iron sulfate, won halides,
mncluding fluonides, chlorides, bromides, and odides, as well as perchlorates, perbromates
and periodates, and organic won compounds such as iron acetates, acetviacetonates, cirates,
gluconates, malonates, oxalates, phthalates, and succinates, and mixtures thereotf.

{0033} An iron containing accelerator may also include an ivon containing activator (e g.

-

a free vadical producing compound) or an ron containing catalyst associated with (e.g |
coated or bonded 10} the surface of the colloidal silica particle such as 15 disclosed in U.S,
Patents 7 029,508 and 7,077,580, For example, the tron containimg accelerator may be
bonded with the silanol groups on the surface of the colloidal surlace particle. 1o one
entbodintent the fron contaning accelerator may include a borown contaming stabilizer and an
on containing catalyst. In such embodiments the siabilizer and catalyst may occupy
substantially any percentage of the available surface siies on the colloidal silica particles, for
example, greater than 1%, greater than 50%, or greater than 80% of the available sorface
sites.

0034} The amount of iron containing accelerator in the pelishing composition may be
varied depending upon the oxidizing agent used and the chemical form of the accelerator.
When the preferved oxidizing agent bydrogen peroxide (or s analogs) is used and a soluble
ron contaimng catalyst is used {such as ferric nitrate), the catalyst may be present in the
composition in an amownt sefficient to provide a range from 1 1o 3064 ppm Fe based on the
total weight of the composition. The polishimg composition preferably includes 1 ppm Fe or
more {e.g., 5 ppm or more, 10 ppm or move, of 20 ppm or move). The polishing composition
preferably includes 300 ppm Fe or less (e.g.. 200 ppm or fess, 100 ppum or less, ov S ppm o
fess). The polishing composition may thus inchade a range from 1 1o 360 ppm Fe (e.g., from
3 1o 200 ppmy, from 5 1o 100 ppm, or from 10 (o 50 ppm).

[6035} Embodiments of the polishing composition including an iron containing
accelerator may further inclade a stabilizer. Without sach a stabalizer, the won containing

gocelevator and the oxidizing agent may react in o manney that degrades the oxadizing agent
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vapidly overtime, The addition of a stabilizey lends 10 reduce the effectiveness of the iron
contatming accelerator such that the choice of the type and amowunt of stabibizer added to the
polishing composition may have a significant impact on CMP performance. The addition of
a stabihizer may lead o the formation of 3 stabihrer/accelerator complex that mbhabuis the
accelerator from reacting with the oxidizing agent while at the samse time allowing the
accelerator (o remam sufficiently active so as to promote rapud tungsten polishing rates.
8036} Useful stabilizers include phosphoric acid, organie acids, phosphonate
compounds, niriles, and other ligands which bind to the metal and reduce its reactivity
toward hydrogen peroxide decomposition and maxture thereof. The acid stabilizers may be
used in their conpugate form, e.g., the carboxylate can be used instead of the carboxylic acid.
For purposes of this application the term "acid” as it is used to deseribe useful stabihizers also
means the comugate 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 in combination
and significantly decrease the rate at which oxidizing agewts such as hydrogen peroxide
decomposes.

(6037} Preferved stabilivers nclude acetic acid, phosphoric acid, phthalic acid, ciine aod,
adipic acid, oxalic acid, malonic acid, aspartic and, sucemie acid, ghutaric acid, primedic acid,
suberic acid, avelaic acid, sebacio acid, malete acid, ghuaconic acd, mucomc acid,
ethylenedianunetetraacetic acid (EDTA), propylenediaminetetrascenc acd (PDTA}, and
mixtures thereof. The preferred stabilizers may be added to the compositions and slurries of
this invenilon i an amount ranging from 1 equivalent per ron comtaining accelerator to 3.0
weight percent o move. As ased berein, the term "equivalent per iron containing accelerator”
means one molecule of stabiliver per won species m the composition. For example, 2
equivalents per won containing accelerator means two molecules of stabilizer for each bron
species,

{00381 The pohishing composition may further inchude an oxadizang agent. The oxidizing
agent may be added to the polishing composition during the slurry manufacturing process or
just prior to the CMP operation {e.2.. in a ank located at the semiconductor fabrication
facility). Preferable oxidizing agents include morganic or organic per-compounds. A per-

;

[
red

compound as defined by Hawley's Condensed Cherical Dictionary is 8 compound containi
at least one peraxy group (-Q--0-) or a compound containing am clement in its highest
oxidation state. Examples of compounds contaiming at feast one peroxy group inchede but are

not hionuted to hydrogen peroxide and its adducts such as urea hydrogen peroxide and
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percarbonates, organic peroxides such as benzoyl peroxide, peracetic acid, and di-t-butyl
peroxide, monopersulfates (SO<), dipersulfates (S:05 ), and sodium peroxide. Fxamples of
compounds containing an element in its highest oxidation state mclude but are not limited to
pertodic acid, periodate salts, perbromic acid, perbromate salis, perchloric acid, perchiorate
salts, perboric acid, and perborate salts and permanganates. The most prelerred oxsdizing
agenis 15 hydrogen peroxide.

80391 The oxidizing agent may be present in the polishing composition in an amount
ranging, for example, from (L1 to 18 weighi percent. In preferred embodiments in which g
hydrogen peroxide oxidizer and a soluble iron contaming accelerator are used, the oxidizer
may be present i the polishing compeostiion in an amount ranging from 0.1 10 6 weight
percent {e.g., from 0.2 to § weight percent, from 0.5 to 4 weight percent, or from 1 to 3
weight percent).

160407 The pohishing composition may optionally further include a compound that
inhibils tungsten etching. Suitable inhibitor comprounds inhibit the conversion of solid
tengsten o soluble ungsten compounds while at the same time allowing for effective
removal of solid tungsten via the CMP operation, Classes of compounds that that are useful
mfbitors of tungsien etching mclude compounds having nmitrogen contaming functional
groups such as nitrogen containing heterocveles, atkyl ammoniam ions, amno alkyvls, and
amino acids. Useful amino alkyl corrosion inhibitors include, for example, hexylanune,
tetramnethyl-p-phenviene diamine, octylamine, diethvlene mamine, dibutyl benzylanune,
aminepropylstanol, anunopropylstloxane, dodecylamine, nuxtures thereof, and svithetic and
naturally occarring amino acids including, for example, lvsine, tyrosine, ghstamine, glotamic
acid, cysteine, and glycine {aminoacetic acid).

[6041}  The nhibitor compound may alternatively and/or additionally include an amine
compound in solution in the liquud carrier. The amine compound {or compounds) may
mclude a primary amine, 8 secondary anune, a fertiary amine, or a guaternary amine. The
amine compound may further include 8 monoamine, a diamine, a trimnine, 8 fetramine, or an
amine based polymer having a large number of repeating anune groups {e.g.. 4 or more anune
SIOUPS ).

0042} In certain embodiments of the polishing compound the amine compoond may
melude a long chamn alkyl group. By long chain alkyl group it is meant that the anyine
compound includes an alkyl group having at least 10 carbon atoms (e g, at least 12 carbon

atoms or & least 14 carbon atoms). Such amine compounds may inclade, for example,
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dodecviamine, tetradecylanune, hexadecylamine, octadecylamine, oleviamine, N~
methyldioctylamine, Namethvloctadecylanune, cocamidopropylamine oxide,
benzyldimethythexadecylapmonium chloride, benzalkonim chioride,
cocoalkyvimethviipolvoxvethyvlens (153} ammonium chionide,
actadecyimethyl{polvoxyethylene (15}] ammoniom chloride, cetyltrimethy lammonium
bromide, and the like,

160431 In certain embodiments of the polishing composition the amine compound may
include a polycationic amine. A polycationic amine (as the term 18 wsed herein) is an amine
compound having multiple {two or more} amune groups i which each of the amine groups is
cationic {1.e., has a positive charge). Thus the polycationic amine may include 8
polvguaternary amine. By polvguaternary anune it is meant that the amine compound
fchudes from 2 to 4 quaternary anwnonian groups such that the polyquaternary anune is a
diguaternary amine, a triquaternary anmune, oF g telraquaternary gmine compound.
Diquaternary aming compounds mav inchude, for example, NN
methylenebis{dimethvltetradeclammonium bromude), 1.1 4 4-tetvabutyipiperazineditum
dibromide, N NN N N'-pentamethyi-N-tallow-1 3-propane-diannnoninm dichloride, N)N'-
hexamethvienebis(inibwyviammonmem hydroxide}, decamethoniom bronude, didodecyl-
fetramethyl- 1 4-butanediamumium diodide, 1 3-dimethy-1 3-dizzoniabicyclo(3.2 Dnonans
dibromide, and the like. Triguaternary amine compounds may include, for example,
N{TEN(odidoecy-NODNODNGG) NG Hetramethyl-1 6-hexanediambmum dijodide.
Tetraquaternary amine compounds may include, for example,

methanetetray letrakis(tetramethylammonium bromide}. The polvquaternary amune
compound may further melude a long cha alkyl group (e g, baving 10 or more carbon
atoms). For example, a polyguaternary amine compound having a long chain alky! group
may inchide N N-methylenebis {dimethviietradeclammoniiam bromide), NN N N N
pentamethyl-N-tallow-1 3-propane~-diammonium dichlonde, didodecylvetramethyl-1 4-
butanedigminivm ditodide, and N(1 )L, N{6)-didodecy N NCDNGGLN{O)-tetramethyl-1,6-
hexanediamimuam diiodide,

{144} A polycationte anmne may also be polyveatiome in that sach of the aming grivgs 13
protonated {and therefore has a positive chargey. For example, a dicationic annoe such ag
tetramethyl-p-phenylenediamine includes two tertiary amine groups that may be protonated
{and therefore positively charged} at polishung composttion pH values less than the pKa of

the amine compound.
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{045 In certain smbodiments of the polishing composition the amine compound may
mclude an amine based polvmer. Such a polymer inclades four ov move amine groups. The
aming based polymer may include, for example, tniethylenetetraming,
tetracthylengpentanune, pentacthylenchexamine, and polvmers including the lollowing anune
containing functional groups methacryloviox-ethyl trimethyl smmonivm methylsalfate,
diallyl dimethyl assnontm chloride, and methacrylamido-propyl rimethyt ammonium
chioride,

046} The polishing composition may include substantially any suitable concentration of
the inlubitor compound. In general the concentration is desirably high enocugh to provide
adequate etch inhibition, but ow enough so that the compound is soluble and so as not to
reduce tungsten polishing rates below acceptable {evels. By scoluble o iy meant that the
compound is flly dissolved in the lguid carrier or that # forms nicelles in the hquid carrier
ar is carried in micelles. It may be necessary to vary the concentration of the inhibitor
compoud depending upon pumerous various factors, for exanyde, includmg the solubility
thereof, the number of amine groups therewn, the fength of an alky! gwroup, the relationship
between etch rate inhibition and polishing rate inbibition, the oxidizing agent used, the
concentration of the oxidizing agent, and so on. In certain desirable embodinents, the
concentration of an amine compound in the polishing composition may be in a range from ¢
oM 1o 10 mM (e, from 107 to 107 molar). For example, w embodiments utihzing an
amine based polymer having g high molecular weight, the concentration may be on the fower
end of the range {e.g.. from 107 1o 107 mola). 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 {e.g., from 107 1o 107
misiar),

0047} The polishing composition may optionally further inclade a biocide. The biocide
may include any suitable biocide, for example an isothiavolinone biocide. The amount of
biocide mn the polishing composition typically 15 1o a range from | ppin to 50 ppm, and
preferably from | ppm to 20 ppm.

{0048} The polishing composition may be prepared using any sutlable technigues, many
of which are known 1o those skifled i the art. The polishing compositton may be prepared n
a batch or continuous process. Generally, the pohishing composition may be prepared by

combining the components thereof in any order. The term “component” as used herein
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wnctudes the individoal ingredients {e.g., the colloidal silica, the iron containing accelerator,
the amine compound, efc.).

{6049} For example, a {irst silica abrasive may be dispersed in an agueous ligud carrier
to obtain a first dispersion. The first digpersion may then be treated, for example, with an
amninosilane compound so as o produce a collowdal silica abrasive having a permanent
positive charge of at least 10 mV. A second silica abrasive may be dispersed in an aqueous
fiquid carrier to obtain a second dispersion. The secownd dispersion may then be treated, for
example, with a quaternary amine compound so as to prodace a silica abrasive having a non-
permanent positive charge. The first and second treated dispersions may then be mixed
topether prior 1o adding the other components {such as an won comaining aceelerator and &
stabilizer). Alterpatively, the other components niay be added to one of the treated
dispersions prior to miking the first and second dispersions together. The first and second
dispersions and the other components may be blended topether using any suitable techniques
for achieving adequate mixing. The oxadizing agent may be added at any time during the
preparation of the polishing compostiion,  For example, the polishing composition may be
prepared prior to use, with one or more components, such as the oxidiving agent, bemng added
just prioy to the CMP operation {e.g., within | minuwte, or within 10 minutes, or within 1 hour,
or within 1 day, or withan 1 week of the CMP operation). The polishing composiiion also
niay also be prepared by muxing the components at the surface of the substrate {e.g., on the
polishing pad) during the CMP operation.

980506} The polishing composition may be supphied as a one-package svstem comprismg a
first silica abrasive baving a permanent positive charge of at least 10mV, a second sifica
abrasive having a neutral or non~permanent positive charge, and other optional components
such as an iron containing accelerator, a stabilizer, a tungsten etching inhibitor, a biocide, and
the like. The oxidizing agent desirably is supphied separately from the other components of
the polishing composition and 15 combined, e.g.. by the end-user, with the other components
of the polishing composition shortly before use (e.g., 1 week or less prior to use, 1 day or less
prior to use, | howr or less prior to use, 10 nunutes or less prior 10 use, or | nunuts or less
prior to use). Various other two-container, or three- or more-container, combinations of the
components of the polishing composition are within the knowdedge of one of ordinary skl in
the art.

{0051} The pohishing composition of the invention may also be provided as a concentrate

which 1s intended 1o be diluted with an appropriate amount of water prior to use. In such an
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smbodiment, the polishing composition concentrate may mnclude the first silica gbrasive
having a permaent postiive charge of at least 10mV, the second silica abrasive having a
newtral or non-permanent posiive charge, water, and other optional components such as an
iron containing accelerator, a stabilizer, a tungdien etching inhibitor, and a biocide, with or
without the oxidizing agent, i amounts sach that, upon difation of the concentrate with an
appropriate amsount of water, and the oxidizing agent f not alveady presesnt in an appropriate
amownt, each component of the polishing composition will be present in the polishing
composition i an amount within the appropriate range recited above for each component.
For example, the first sitica abrasive baving a permanent positive charge of at least 10mV,
the second sthica abrasive having a neutral or non-permanent positive charge, and other
optional components such as an iron containing accelerator, a stabilizer, a fungsten efching
shthitor, and a biocide, may each be present in the polishing composition in an amount that
is 2 times {e.g., 3 timees, 4 times, § times, or even 10 times) greater than the concentrabion
recited above for each component so that, when the concentrate is diluted with an equal
volume of (e.g., 2 equal vohanes of water, 3 egual volumes of water, 4 equal volumes of
water, or even 9 equal volumes of water respectively), along with the oxadixing agentna
sutiable amount, each component will be present in the polishing comyposition in an amount
within the ranges set forth above for sach component. Furthermore, as will be undearstood by
those of ordinary skill in the art, the concentrate may contmn an appropriate fraction of the
water present in the final polishing composition 1 order to ensure that other components are
at least partially or fully dissolved m the concentrate.

{80821 Although the pohishing composition of the invention may be used to polish any
substrate, the polishing composition s particularly useful in the polishing of a substrate
conprising at least one metal including tungsten and at least one dielectric matenial, The
ftumgsten faver may be deposited over one or more barrier lavers, for example, incloding
titaniem and/or titaniam ninde (TiIN}. The dielectric layer may be ¢ metal oxide such as a
stlicon oxide layer dertved from tetracthylorthosilicate (TEOS), porous metal oxide, porous
or non-porcus carbon doped siticon oxide, fluorine-doped silicon oxide, glass, organic
polvmer, Duorinated organic polymer, or any other suitable hagh or low-k imsulating layer.
[0033} The polishing method of the invention 1s particularly suited for use in conjunction
with a chemical mechanical polishung (CMP) apparatus. Typically, the apparatus includes a
platen, which, when in use, is in motion and has a velocity that results from orbital, Hoear, or

circular motion, 4 pohshing pad in contact with the platen and moving with the platen when
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in motion, and a carrvier that holds a sabstrate to be polished by comtacting and moving
relatve 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 the polishing compostiion of the
invention and then the polishing pad moving relative to the subsirale, so as to abrade al feast a
porion of the subsirate (such as tungsten, Wamum, Wanium witride, sndfor a dielectiic
material as described herein} to polish the substrate.

|80541 A substrate can be planarized or polished with the chemical mechanical polishing
composition with any suitable polishing pad (e.g., polishing surface). Sastable polishmg pads
mnclode, for example, woven and non~-woven polishing pads. Moreover, suttable polishing pads
can coniprise any suitable polymer of varving density, hardness, thickness, compressibility,
atnhiy to rebound uporn compression, and compression modulos. Suttable polvmers inelude, for
example, polyvinylchioride, polvvinyifluoride, nyvlon, fluorocarbon, polycarbonate, polvester,
polvacrvlate, polyether, polvethylene, polvamide, polvurethane, polystyrene, polvpropylene,
coformed products thereof, and muxtures thereof

{80351 The following examples further usirale the wvention bul, of course, should not

be construed as in any way Hmiting s scope.

EXAMPLE ]
6056} In the Examples disclosed herein, mixed silica abrasive polishing compositions
were prepared vsing first and second silica abrasives selected from nine silica abrasive
dispersions. Dispersions Al B1, Cl, and D1 incloded colloidal sihica dispersons treated
with an aminosttane {amnopropyl triatkoxysilane) such that the colloidal sitiva particles had
a permanent positive charge of greater than 10 mV., Dispersions A2, B2, C2. and D2
mcluded colloidal silica particles dispersed in an aqueous solution. The collowdsl sihea
abrasives v A1, AZ, B1, B2, C1, €2, DI, and D2 each comtained a partially aggregated sihica
abrasive i wluch 30 percent or more of the colloidal silica abrasive particles mclude two
aguregated primsary particles. Dispersion F2 mcloded an vntreated fumed sibica having
surface area of 150 m'iy which was dispersed in an squecns solution. Further details
regarding these nine sthica abrastve dispersions are presented in Table 1. The primary
particle sizes ware estimated using conventional spherical extrapolation of BET surface area
measurements. The ageregate particle sives were obtained using 8 CPS Dhse Ceninfuge,

Model DC24000HR {avatlable from CPS Instruments, Praitieville, Loulsianal.
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TABLE |

Abrasive | Primary Size | Aggregate Size | Anunosilane Traated
{nm} (nmj}
Al 135 360 Yes
B1 35 35 Yes
Cl 56 90 Yes
j2 EN) 115 Yos
A2 15 30 No
B2 35 35 No
2 36 90 No
D2 75 [is N
F2 {60 Ne

[0037} The tungsten (W) polishing rate was evaluated in this example for vanious
polishing compuositions, zach of which mceluded first and second sifica abrasives selected

from dispersions Al, Bi, Cl, and D1 in Example §. The first and second silica abrasives in
this example each ncluded a colloidal silica having a permanent positive charge of greater
than 10 mV. This example demonstrates the effects of the relative amounis of the first and
second silica abrasives and the particle sizes of the first and second silica abrasives on the W
polishing rate. Each of the polishing compositions had a pH of 2.5 and incladed 0.031

weight percent ferric nitrate nonahydrate (Fe(NQq ) 9H:0), 0.04 weight percent malonic

acud, and 2.4 weight percent hvdrogen peroxide. The W polishing rates were obtained by
polishing eight inch blanket wafers having a W laver using a Mura® CMP ool {available
fronm Applied Materials) and an 1CHIO pohishing pad at down-force of 2.8 psi, a platen speed
of 103 rpm, a head speed of 97 rpm, and a shury flow raie of 150 mbmin. The polishing time
was two mimites. The weight percentages ofihe first and second silica abrasives and the

corresponding W removal rates are shown on Table 2.
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TABLE 2
Polishing First Abrastve | Second Abrasive | W Polishing
Composition (Wi, ¥ {wi, %) Rate { Admin)
24 3. 75% Al £,.25% B1 2700
2B 4.5% Al 0.5% B 3450
2C 3.25% Al 0.75% Bl 3680
D 3.75% Al £.25% C1 4020
28 0.5% Al 0.5% C1 4110
2F {.25% Al £.75% O 4100
2G {.75% Al {1.25% D1 3500
2H 4.5% Al G.5% D 3990
21 0.23%% Al (.73% D1 S0
23 3.754% Bl 2881 4014
2K 6.53% Bi 0.5% C1 3R

|38} As is gppavent from the resulis set forth in Table 2, high tungsten removal rates
can be achieved using a wide range of mixtures of silica abrasive particles having a
permane positive charge greater than 10 mV. In particular, high W polishing rates may be
achisved when thers is at least a 20 nan difference iy particle siee belwean the first and
second silica abrasives.

EXAMPLE 3
|59 The wogsten (W) polishing rate was evaluated in this example for various
polishing cum’posiﬁon:‘s‘? each of which included first and second silica abrasives selected
from dispersions Al, B, C1, and D1 in Example 1. The {irst and second silica abrasives in
this example each included a collondat sitica having a permanent positive charge of preater
than 10 mV. This example also demonstrates the effects of the relative amounts of the first
and second silica abrasives and the particle sizes of the first and second silica abrasives o the
W polishing rate. Bach of the polishing compositions had a pH of 2.5 and included 0.031
waight percent fernic nitrate nonahydrate, (.04 welzht percent malonic acid, and 2.4 waight
percent hydrogen peroxide. The W polishing rates ware oblained by polishing etght ingh
blanket walers having a W layer using a Mura® CMP tool (available from Apphed
Materials) and an IO polishing pad at down-force of 2.3 psi, a platen speed of 103 1pm, a
head speed of 97 rpm, and a shary flow rate of 150 mibfmun. The polishing time m this

example was one nunate. The weight percentages of the first and second silica abrasives and
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the corresponding W removal rates are shovwn on Table 3. Note that polishing composition
3A and 3B correspond with polishing compositions 2E and 2H m Example 2 with the only

difference being in polishing time.

TABLE 2

Polishing First Abrasive | Second Abrasive | W Polishing
Composition {wt. %) {wi. %) Rate {Amin)
3A 3.5% Al £.5% C1 3040
3B {.5% Al 0.5% D} 2860
3C 0.25% Bl 0.753% Ci 2500
3D 0.75% Bl 0.25% M 2040
3E 03 Bl {3.5% DI 2700
3F £.253% Bl 0.75% DI 2450
3G 0.75% CH 0.25% DI 22380
3 0.58% C1 (3.5%, Dl 2100
31 (1.25% 1 .75% D 930

{6060} As s apparentt from the resalts set forth iy Table 3, high tangsien removal rates
can be achieved using a wide range of nuxtores of sifica abrasive having a permanent pogitive
charpe preater than 10 mV. The polishing rates appear to be highest when the first sihca
abrasive has a particle size less than 60 nm when both particles have a permanemt positive
charge.

EXAMPLE 4
{6061} The tungsten (W) polishing rate was svaluated in thus exanyple for various
pohishing compositions, threg of which included first and second silica abrasives selected
from dispersions Bl and D1 o Examiple 1. This example demonstrates the effects of the
relative amounts of the first and second sthica sbrastves on the W polishing rate. Each ol the
polishing compositions had a pH of 2.5 and ncluded 8.031 weight percent ferric mirate
nonahydrate, (.04 weight percent malonic acid, 2500 ppm glycine, and 2.4 weight percent
hydrogen peroxide. The W polishing rates were obtained by polishing eight inch blanket
wafers having a W layer using a Mirra® CMP ool (available from Applied Materials) and an
1ICH010 polishing pad at down-force of 2.5 psi, a platen speed of 103 rpm, a head speed of 97
rpm, and a slurry flow rate of 150 miAmin. The polishing time m this example was one
minpte. The weight percentages of the Hrst and second silica abrasives and the

corresponding W removal rates are shown on Table 4.
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TABLE 4

Polishing First Abrastve | Second Abrasive | W Polishing
Composition (Wi, ¥ {wi, %) Rate { Admin)

44 .08 B 1740

4B FO% T @36

4 (3. 75% B1 (3.25% D g

4D H.25% Bl 0.75% D1 1720

48 0.5% B1 0.5% D1 1420

6062} As s apparent from the results set forth m Table 4 polishing composition 4C
including a mixture of dispersions Bl and D1 achieved a higher W polishing than polishing

compositions 4A and 4B including dispersions Bl and D1 alone.

EXAMPLE 3
80631 The tungsten (W) polishing rate was evaluated in this example for various
polishing compositions, {oar of which included first and second silica abrasives selected from
dispersions Bi, B2, and C1 in Example 1. This example demonstrates the effects of the
relative amounts of the first and second silica abrasives on the W polishing rate and the time
1o clear the water (the end point thime). Fach of the polishing compositions had apH of 2.3
and included (.03} weight percent ferric mitrate nonabvdrate, .04 weight percent malonic
acid, 2500 ppm glycine, and 2.4 weight percent hvdrogen peroxide. The W polishing rates
were obiained by polishing eight inch blanket wafers having a W laver using a Mura® CMP
tool {avaiable from Applied Materials) and an KC 1010 polishing pad at down-force of 2.5
psi, a platen speed of 103 rpm, a head speed of 97 rpm, and a shavy Bow rate of 150 mifnun,
The polishing time in this example was one minute. The weight percentages of the first and
second silica abrasives and the corresponding W removal rates and wafer clemy time are
shown on Table 5.

TABLE &

Polishing | First Abrasive | Second Abvasive | W Polishing Wafer Clear
Composition {wi %) {wi. %) Rate {A/min} Time (sec)
"""""""" sa | Lo%Cc2 | L 1sae | 13§
5B 0.75% C2 0.25% B2 2190 133
SC 0.25% C2 0.75% B2 2190 141
5D 0.75% C2 0.25% Bi 2350 125
SE 0.25% C2 0.75% Bl 2220 125
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{p06d} As is apparent from the resulis set forth in Table 5, mixed abrasive polishing
compositions 5B and 3C (ncluding mixtures of dispersions B2 and C2) achieved higher W
polishing rates than the contrel composition (SA). Muoreover, mixed abrasive polishing
compositions 3D and 5E (mclading nuxtures of a colividal silica having a permanant posilive
charge (B1) and s colloidal silica having a non-permanent positive charge (C2}) achneved
higher W polishing rates than any of the other compositions. Mixed sbrasive polishing
compositions 3D and SE were also observed to clear the waver in less time than the other

composttions indicating the potential for a higher throughpat CMP process.

EXAMPLE 6
[8065]  The twngsten (W) polishing rate was evaluated in this example for various
polishing compositions, five of which included first and second silica abrasives selected from
disparsions B, D2, and F1 in Example 1. This example demonstrates the effects of the
relative wmounis of the first and second silica abrasives on the W polistung rate and the thme
to clear the waler {the end pomnt time). Each of the polishing compositions bada pH of 2.5
and included 04131 weight percent fernie nifvale nonabydrate, ¢4.04 weight percent malonic
acid, and 2.4 weight percent hydrogen peroxide. The W polishing rates were oblained by
polishing eight inch blanket wafers having a W layer using a Mirma® CMP ool {avanlable
from Applied Materials) and an IC1010 polishing pad at down-force of 2.5 psi, a platen speed
of 103 rpm, a head speed of 97 rpm, and a shurry {low rate of 150 mi/mun. The polishing time
m this example was two mmutes. The weight percentages of the first and second silica

abrastves and the corresponding W removal rates are shown on Table 6.

TABLE 6
Polishing | First Abrasive | Second Abrasive | W Polishing Waler Clear
Composition {wi %) {wi, %) Rate (A/omn) Time (sec)
6A {1.8% B1 Juat 103
68 {.2% B 0.9% Fl 370 91
& {.3% Bl 1.7%: Fl S5%) 8y
6D {1.4% B $.45% Fl 3870 91
&k {3.2% B1 0.6% D2 5390 B
6F 3.4% Bl 3.4% D2 3368 83

066} As 15 apparent from the results set forth in Table 6, maxed abrasive polishing

composttions 68, 6C, and 6D (ncluding mixwures of dispersions Bl and F2) achieved higher
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W podishing rates and g shorter wafer clear time than the control conmposition 6A. Mixed
abrasive polishing compositions 6F and 6F (Gncluding mixtures of dispersions Bl and D2)
also achizved lugher W polishing rates and a shorted waler clear time than the control
composition 6A.

EXAMPLE 7
160671 The tungsten (W) polishing rate was evaluated in this exaople for varous
polishing compositions, six of which inchuded first and second silica abrasives selected from
dispersions B, €1, and D2 wn Example 1. This example demonstrates the effects of the
relative amounts of the fivst and second silica abrasives on the W polishing rate and the time
to clear the water (the end pomnt time}. Each of the polishing composttions had a pH of' 2.3
{adjasted vsing nitric acid} and included 0.031 weight percent fervic nitrate noushydrate, .04
weight percent malonic acid, 100 ppm tetrabatviammonium hydroxide (TBAH), and 2.4
weight percent hydrogen peroxide. The W polishing rates were obtained by polishing eight
inch blanket wafers having a W layer using a Mira® CMP 100! (available from Applied
Materials) and an IC 1010 polishung pad at down-foree of 2.5 psi, a platen spead of 103 rpm. 2
head speed of 97 rpin, and a shurry flow rate of 150 mb/min. The polishing time in this
example was two mimues. The weight perceniages of the first and second silica abrasives

and the corresponding W ramovat rates ave shown on Table 7.

TABLE 7

Polishing Firsi Abrasive | Second Abrasive | W Polishing Wafer Clear
Composition {wt. 43 {wt. %6) Rate { A/mim Time {sec)

TA 0.8% Bt 35490 i3

8B (3.2% B 13% D2 5000 &3

7C (3.2% Cl 13% D2 5270 &8

mn 0.1 C 0.1% D2 3750 HH)

TE 0.1% Cl 0.3% D2 3760 Q6

¥ 0.2% Cl 0.1% D2 3580 26

TG (.15% 0.2% D2 4119 27

{6068} As is apparent from the resolts set forth in Table 7, polishing compositions 78 and
U {iwlnding mixtures of dispersions Bl and D2 and €1 and D2 achieved higher W
potishing rates and shovter wafer clear times than the control composition 7A despile having

st over half the sohds loading. Polishung compositions 7B, 7F, and 7G (ocluding mixtores
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of disparsions C1 and D2) achieved approximately equal W polishing rates and shovier wafer
clear times than the control composition 7A despite having half or less the sohds loading.
Polishing composition 7D (including a nuxture of dispersions C1 and D2) achieved an
approximately equal Wopolishing rate and waler clear hume as compared 1o the control

composition 7A despite having one quarter the solids foading (0.2 vs. (0.8 weight percent).

EXAMPLE S
160697 Zeta potential measurements and conductivity measurements were obtained for
various polishing compositions before and after filration. A 200 mi volume of each
composition was filtered {concentrated) throagh a Millipore Ultracell regenerated celhulose
uhraftitration disk (having & MW cutoff of 100,000 Daltons and a pore size of 6.3 nmj. The
remaining dispersion (the approximately 63 mi that was retained by the ulirafiltration disk}
was collected and replentshed to the original 200 ml volume using deionized water adjusted
to pH 2.6 with nitric scid. This procedure wag repeated for a total of three wltraliliration
cyeles {each of which includes an ultrafiltration step and a replenishing step). The zeta-
potentials of the polishing compositions were measared before and afier the ultrafiltration
procedure (e, for the original polishing composition and the triply ultra-filtered and
replenished polishing composition) using a Model DT 1202 Acoustic and Electro-acoustic
spectrometer {(available from Dispersion Technologies). The elecinical conductivities of the
polishing compositions were measured before and after the ultrafiliration procedure using 8
standard conductivity meter.
160707 Table 8 shows the measured reta potential and conductivity values for polishing
composiitons 84, 8B, 8, and 8D made {rom dispersions C1, €2, and D2 described in
Example 1. Polishing composition 8A was prepared using dispersion C1 by dibusting with DI
water 1o 4 Hinal colloidal sitica concentration of 2 weight percent and adjusting the pH 10 2.6
psing nitric acid, Polishing composition BB was prepared using dispersion 2 by diluting
with DI water {0 a final sifica concentration of 2 weight percent and adjusting the pH o 2.6
using nitric acid. The colloidal silica was treated using 0.01 weight percent TBAH to obtamn
particles having a non-permanent positive charge. Polishing composition 8C was prepared
using dispersion C2 by diluting with DI water (0 a final silica concentration of 2 weight
percent and adjusting the pH to 2.3 using mitric acid. The colloidal silica particles remained
untreated. Polishing composition 8D was prepared by diluting and mixing dispersions €1

and D2 such that the final mixture included 1.2 weight percent of the collosdal silica particles
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from the C1 dispersion and 0.6 weight percesnt of the collondal silica particles from the D2
dispersion. The D2 dispersion was further weated with 0.01 weight percent TBAH to obtain
particles having a non-penmanent posutive charge. Polishing composition 8D further included
0.031 weighi percent ferric nitrate nonahydrate and 0.04 weiyhi percent madonic acid.

16071  As described above, the zeta potential and electrical conduchivity of the onginal
compositions were measured before and after the above described sliraliltration procedure.
Corrected zeta-potential values of the triply ulira-filtered and replenished polishing
composttion {corrected for fonic strength differences as indicated by the conductivity change
by the addition of one molar potassium chloride} are also shown. In this example, total solids

toss was less than 3 percent and therefore a solids correction was not apphed.

TABLE &
Polishing Zeta Conductivity Zeta Conductivity Zeta
Compositon Potential Before Potential After Potential
Before {usiom} After {usfom) Ceonrected
{mV) {m\) {mV}
8A 41 2130 56 1156 4
8B i} 130 3 1083 3
8C 4
5D 17 3100 Il 3000 i1
{8072} As is apparent from the resulis set forth in Table &, the zeta potential of polishing

composition 8A was not changed by filtration indicating that the colloidal silica bad a
permanent posttive charge of 41 mV, The zeta potential of polishing composition 8B
decreased from 10 to 3 mV indicating that the positive charge on the collmdal stlica was not
permanemt. The zeta potential of polishing composition 8C (the untreated colloidal silica
particles) was essentially neutral (4 mV). The zeta potential of polishing composition 8D
believed that the aminosiiane treated particles retained their permanent positive charge (as in
polishing composition 8A), while the non-permanent positive charge on the TBAH weated
particles i3 bebieved o have decreased sigmficantly {as in polishing composition 88}, Tlus
combination 13 believed to have caused the modest decrease in zeta potential,

EXAMPLE ®
160731 The particle size distribution was evaluated for five polishing compositions
prepared using dispersions B, Cl, and D2 from Example 1. Polishing conypositions 94, 9B,

and 9C were prepared by diluting dispersions B, Cl, and D2 respectively with DI water fo a
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final colloidal silica concentration of | weight percent. Polishing composition %D was
preparved by difuting and mixing dispersions Bl and D2 such that the fina] mmxture mcluded
0.2 weight percent of the colloidal silica particles from the Bl dispersion and 0.3 weight
percent of the collowdal silica particles from the D2 dispersion. Polishing composition 9E
was preparved by difuting and mixmg dispersions C1 and D2 sach that the Gual moxtore
snchuded 0.2 weight percent of the colloidal sthica particles From the C1 dispersion and 0.3
weight percent of the colloidal silica particles from the D2 dispersion. In polishing
composttions 9D and 9F, the D2 dispersion was farther treated with 100 ppm by weight
TBAH to obtain particles baving a non-permanent positive charge. Polishing compositions
9D and 9E Rurther incladed 193 ppm by weighs ferric nitrate nonahydrate, 2530 ppm by weight
malonic acid, and 7 ppm by weighi Kathon biocide. The pH of each of the five polishing
compositions (2A, 98B, 9C, 9D, and 9F) was adjosted 1o 2.3 using nitvic acid.

160747 The particle size distribution of each of the polishing compositions was evaluated
using a CPS Disc Centrifuge, Model DU24000HR (availabde from CPS Instruments,
Prawieville, Louisiana). A standard gradient was prepared using the CPS Instruments
Autogradient (using 8% and 24% sucrose solutions). The particle size distributions are
shown on FIG. 1.

{6075} A3 15 apparent from the results set forth w FIG. 1, the evahuied polishmg
compositions have distinet particle size distributions. Polishing composition %A has a
particle size distribution with a peak at 50 nm. Polishing composition 9B has a particle sive
distribution with a peak at 70 nm.  Polishing composition ¥C has a particle size distribution
with a peak at 115 nm. Polishing composition 9D has a bimodal distribation with a first peak
at 30 nm and a second peak at 115 nm. Polishing composition 9E has a bimodal distribution
with a first peak at 75 nm and a second peak at 110 am.

0076} It will be understood that the recitation of ranges of values hesein are merely
mtended to serve as a shorthand method of referring individually to each separate value
fatling within the range, unloss otherwise indicsted herewn, and each sepavate value is
mcorporated into the specification as i it were individually recited herein. Al methods
described heremn can be performed in any sutable order unless otherwise mdicated heren o
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
tanguage {e.p., “such as™) provided herein, is intended merely t© better Hlununate the

inveniion and does not pose a limitation on the scope of the mvention unless otherwise
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clatnred. No language # the specification should be coustrued as indicating any non-claimed
element as essential to the practice of the invention.

{6077} Preferred embodiments of this mnvention are described herein, mcluding the best
mode known o the inventors for carrving out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregong description, The inventors expect skilled artisans to employ such variations as
appropriate, and the iventors intend for the tnvention o be practiced otherwise than as
specifically described herein. Accordingly, this invention inclades all modifications and
equivalents of the subject matter recited m the claims appended hereto as permitied by
applicable law. Moreover, any combination of the above-deseribed elements in all possible
variations thereot is encompassed by the invention unless otherwise indicated herain or

otherwise clearly contradicted by context.
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CLAIMS
1. A chemical mechanical polishing composition comprising:

a water based Hauid carrier;

a first collodal silica abrasive dispersed m the hauid carvier, the first colloidal sibica
abrasive having a permanent positive charge ol at least 10 mV;

a second collowdal sitica abrasive dispersed in the hquid carrier, the second collowdal
stlica abrasive having a permanent postiive charge of at feast 18 mV; and

an iron contaiming accelerator;

wherein an average particle size of the second collowdal silica abrasive is at least 20
npanometers greater than an average particle size of the first collowdal stlica abrasive,

2. The composition of clatm 1, wherein sach of the first colloidal sihca sbrasive

and the second colloidal silica abrasive bave a permanent positive charge of at least 20 mV,

B

3 The composition of claim |, wherein each of the first collowdal silica abrasive
and the second colloidal silica abrasive is treated with an aminosilane compound.

4, The composition of claim 3, wherein the aminostane compound is a propyl

group conlamimg aminositane.

LAy

The composition of clabm 3, wherein the anynosiane compound is selected
from the group consisting of such as bis(2-hydroxvethyD-3-aminopropyl alkoxysilane,
diethylapinomethylirialkoxysilane, (N N-disthyi-3-aminopropyiiriatkoxysilane), 3-(N-
styryimethyl-Z-aminoethviaminopropyl triatkoxysilane, apnnopropy! trialkoxysilane, (2-N-
benzylaminoethyt)-3-aminopropy! trialkoxysilane), tnatkoxysilyl propel-N N N-tnmethyl
ammoniam chioride, N-{triatkoxysilylethyDbenzyl-N N N-trimsethy] ammomun chiloride,
{bis{methyldiatkoxysilylpropyl)-N-methy! amine, bis{iriatkoxysitvipropylnrea, bis(3-
(triatkoxysilylpropyi-ethylenediamine, bis(triatkoxysilvipropyDamine,

bis{trialkoxysilyipropyhamine, and mixtures thereofl

6, The composition of claim 1, wherein:

{(a} the average particle sive of the firsi colloidal silica abrasive 15 1 a range from
26 to 110 nanometers; and

{b) the average patticle size of the second colloidal silica abrasive 15 1n a range

from 90 1o 1RO panometers,
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7. The conprosition of claim 1, wherain the first colloidal silica abrasive and the
second colloidal sihica abrasive comprise colloidal silicas in which 30 percent or more of the

colloidal silica abrastve particles mclude fwo or myore aggregated primary particles.

S
b=d

3. The composttion of claim I, having g pH i 2 range from 1.5 o 3.
9. The composition of claim |, wherein the ron containing accelerator comprises

a sohuble ron containing catalyst and the composition further comprises a stabitizer bound to
the soluble iron contmming catalyst, the stabilizer being selected from the group consisting of
acetic acid, phosphoric acid, philalic acid, ciiric acid, adipic acid, oxalic acid, malonic acid,
aspartic acid, succinic acid, glotarie acid, pimelic acid. suberic acid, azelaic acid, sebacic
acid, malewe acid, ghutaconic acid, muconic acid, ethylenediaminetetraacetic acid,

propylenedianunetetraacetic acid, and muxtures thereofl
Hy The composttion of claim 1, further comprising a hvdrogen peroxide oxidizer,

11, The composition of claim 1, further comprising a tungsten etching nihibitor

mchuding an amine containing compound.

12, A method of chemical mechanical polishing a substrate including a tungsten
fayer, the method comprising:

{a} contacting the substrate with a polishing composition comprising:

{1} a water based hquid carrier

{11y & first colloidal silica abrasive dispersed in the liquid carrier, the first
colluidal sihca abrasive having a permsangnt positive chaves of at least 10 mV;

{in}  asecond collowdal silica abrasive dispersed in the hquid carnier, the
second colloidal silica abrasive having a permanent positive charge of at least 10 mV;
and

{iv}  an won containing accelerator;

wherein an average particle size of the second colloidal silica sbrasive s at
least 20 nanometers greater than an average particle size of the fivst collmidal silica
abrasive;
(b  moving the polishing composition relafive to the substrate; and
{c) abrading the substrate to remove a portion of the tungsten from the substrate

and thergby polish the substrate,
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i3, The method of claim 12, wherein each of the first colloidal silica abrasive and
the second colloidal silica abrasive 1s treated with a propyl group containing aminosilane

compound.

I4. The method of claim 12, wherew

{a} the average particle sive of the first colloidal silica abrasive s iy a range from
28 {0 {10 nanometers; and

{H the average particie size of the second colloidal silica abrasive is 1n a range

from 99 to 180 nanometers.

13 The method of ¢laim 12, wherem the first colloidal sihics abrasive and the
second colloidal silica abrasive comprise colloidal silicas in wiich 80 percent or more of the
colloidal silica abrastve particles mclude fwo or myore aggregated primary particles.

16, The method of claim 12, wheremn the polishing composition hasapHina

N

rvauge from 1.5 0 5

17, The method of claim 12, wherein the won containing accelerator comprises a
soluble ron contaiming catalyst and the polishing composition further comprises a stabiliver
bound to the soluble fron containing catalyst, the stabilizer being selecied from the group
consisting of acetic acid, phosphoric acid, phthalic acid, citnic acid, adipic acid, oxuahe aad,
malonic acid, aspartic acid, sucainic acid, glutaric acid, pimelic acid, suberic acid, azelaic
acid, sebacic acid, maleic acid, glutaconic acid, nwconic acid, ethvlenadiamingtetraacetic

acid, propvienediamineletraacetic acid, and mixtures thereof

18, The method of claim 12, wherein the polishing composttion further comprises
a hvdrogen peroxide oxadizer.

19, The method of claim 12, whevein the polishing composition further comprises

a tungsien etching inhibitor including an anige containing compound.



WO 2015/148295 PCT/US2015/021674

18000

16600

14000

12000

10000

HT (hg/g)

5 8000

HEIG

6600

4000

2000

0 25 50 75 100 125 180 175 200
PARTICLE DIAMETER (nm)

FIG 1



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/021674

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 21/304(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 21/304; B82Y 40/00; HO1L 21/306; B24D 3/02; CO9K 3/14; B24D 3/34

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: chemically-mechanically polishing (CMP), silica abrasive, positive charge, iron accelerator,
pH

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2005-0150173 A1 (ROBERT VACASSY) 14 July 2005 1-19
See paragraphs [0002]-[0020]; and claims 1-4.

Y KR 10-2005-0073044 A (MAGNACHIP SEMICONDUCTOR, LTD.) 13 July 2005 1-19
See page 2; claims 1-3; and figures 3-5.

A KR 10-2007-0102222 A (LG CHEM. LTD.) 18 October 2007 1-19
See paragraphs [0023]-[0066]; claim 1 and figure 2.

A KR 10-2013-0019332 A (UBPRECISION CO., LTD) 26 February 2013 1-19
See paragraphs [0007]-[0015]; claim 1; and figure 1.

A US 2013-0171824 A1 (YUZHUO LI et al.) 04 July 2013 1-19
See paragraphs [0075]-[0158]; and claim 1.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination

means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

17 July 2015 (17.07.2015) 17 July 2015 (17.07.2015)
Name and mailing address of the [SA/KR Authorized officer
International Application Division
« Korean Intellectual Property Office
N
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701, CHOL Sang Won

R Republic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8291

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2015/021674

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2005-0150173 Al 14/07/2005 AU 2003-220972 Al 22/09/2003
CN 1292033 C 27/12/2006
CN 1646651 A 27/07/2005
CN 1646651 C 27/12/2006
EP 1487931 Al 22/12/2004
JP 2005-519479 A 30/06/2005
JP 4620353 B2 26/01/2011
KR 10-0977940 Bl 24/08/2010
KR 10-2004-0094767 A 10/11/2004
TW 200303909 A 16/09/2003
TW 200417588 A 16/09/2004
TW 1234579 B 21/06/2005
TW 1289152 B 01/11/2007
US 2003-0168628 Al 11/09/2003
US 6682575 B2 27/01/2004
WO 03-076538 Al 18/09/2003

KR 10-2005-0073044 A 13/07/2005 None

KR 10-2007-0102222 A 18/10/2007 CN 101415525 A 22/04/2009
CN 101415525 B 21/12/2011
EP 2007550 Al 31/12/2008
EP 2007550 A4 28/09/2011
EP 2007550 Bl 05/03/2014
JP 2009-533863 A 17/09/2009
JP 5322921 B2 23/10/2013
KR 10-0832993 Bl 27/05/2008
TW 1349030 B 21/09/2011
US 2007-0243710 Al 18/10/2007
US 8062395 B2 22/11/2011
WO 2007-119965 Al 25/10/2007

KR 10-2013-0019332 A 26/02/2013 CN 103228756 A 31/07/2013
JP 2014-504441 A 20/02/2014
TW 201309787 A 01/03/2013
TW 1456035 B 11/10/2014
US 2013-0214199 Al 22/08/2013
WO 2013-024971 A2 21/02/2013

US 2013-0171824 Al 04/07/2013 EP 2613910 Al 17/07/2013
KR 10-2013-0139906 A 23/12/2013
TW 201229163 A 16/07/2012
WO 2012-032467 Al 15/03/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report

