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TITLE OF THE INVENTION

A POLISHING COMPOSITION INCLUDING AN
INHIBITOR OF TUNGSTEN ETCHING

BACKGROUND OF THE INVENTION

1. Field of the Invention.

This invention concerns a chemical mechanical polishing (CMP) composition
including a compound capable of etching tungsten and at least one inhibitor of tungsten
etching. The polishing compositioh is useful alone or in combination with other
chemicals and abrasives for polishing metal layers and thin-films associated with

semiconductor manufacturing where one of the layers or films is comprised of tungsten.

2. Description of the Related Art.

Integrated circuits are made up of millions of active devices formed in or on a silicon
substrate. The active devices, which are initially isolated from one another, are united to
form functional circuits and components. The devices are interconnected through the use of
well-known multilevel interconnections. Interconnection structures normally have a first
layer of metallization, an interconnection layer, a second level of metallization, and
sometimes a third and subsequent levels of metallization. Interlevel dielectrics such as doped
and undoped silicon dioxide (Si0,), are used to electrically isolate the different levels of
metallization in a silicon substrate or well. The electrical connections between different
interconnection levels are made through the use of metallized vias and in particular tungsten
vias. U.S. Patent No. 4,789,648, which is incorporated herein by reference, describes a
method for preparing multiple metaflized layers and metallized vias in insulator films. In a
similar manner, metal contacts are used to form electrical connections between
interconnection levels and devices formed in a well. The metal vias and contacts are
generally filled with tungsten and generally employ an adhesion layer such as titanium nitride
(TiN) and/or titanium to adhere a metal layer such as a tungsten metal layer to SiO,.

In one semiconductor manufacturing process, metallized vias or contacts are formed
by a blanket tungsten deposition followed by a chemical mechanical polish (CMP) step. Ina
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typical process, via holes are etched through an interlevel dielectric (ILD) to interconnection
lines or to a semiconductor substrate. Next, a thin adhesion layer such as titanium nitride
and/or titanium is generally formed over the ILD and is directed into the etched via hole.
Then, 2 tungsten film rs hlenket deposited over the adhesior_\'layer and into the via. The
deposition is continued untll the via hole is filled with tungsten Finally, the excess tungsten
is removed by chemical mechamcal pohshmg (CMP) to form metal vias. Processes for
manufacturing and/or CMP of ILD's are dlsclosed in U S. Patent Nos. 4,671,851, 4,910,155
and 4,944,836.

Ina typrcal chermcal mechamcal pohslnng, process the substrate is placed in direct
contact with a rotating pohshmg pad. A carrier applles pressure agamst the backside of the
substrate Dunng the pohshmg process, the pad and table are rotated while a downward
force is marntamed against the substrate back. An abrasive and chemrcally reactive solution,
commonly referred to as a "slurry" is depos1ted onto the pad during polrshmg The slurry
initiates the polishing process by chemically reacting with the ﬁlm being polished. The
polishing process is facilitated by the rotetional movement of the ped relative to the substrate
as slurry is provided to the wafer/pad mterface Polishing is contmued in this manner until -
the desired film on the msulator is removed

The slurry composmon is an rmportant factor in the CMP step. Depending on the
choice of the oxrdrzmg agent, the abrasrve and other useful addrtrves, the polishing slurry can
be tailored to provide eﬂ’ectlve pohshmg of metal layers at desrred polishing rates while
minimizing surface unperfectrons defects corrosron, and erosron of oxide in areas with
tungsten vias. Furthennore, the polrshmg slurry may be used to provrde controlled polishing
selectivities to other thm-ﬁlm materials used in current mtegrated circuit technology such as
titanium, titanium ritride and the like. .

Typically CMP pollshmg slumes contarn an abrasrve material, such as silica or
alumina, suspended in an oxtdrzmg, agueous medlum For example, U.S. Patent No.
5,244,534 to Yu et al. reports a sluny contarmng alumma, hydrogen peroxide, and either

potassium or ammonium hydroxide that i is useful in removing tungsten at predictable rates

with little removal of the underlying msrr_lattng layer. U.S. Peten_t 5,209,816 to Yu et al.
discloses a slurry comprising perchloric dcid, hydrogen peroxide and a solid abrasive material

in an aqueous medium. US Patent 5_7_340,370 to Cadien and Feller discloses a tungsten
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polishing slurry compﬁsfﬁ’é approximately 0.1IM potassiur;‘t; fefncyamde, approximately S
weight percent silica and potassium acetate. Acetic acid is added to buffer the pH at
approximately 3.5.

Most of the currently available CMP slurries contain large concentrations of
dissolved, ionic metallic components. As a result, the polished substrates can become
contaminated by the adsorption of charged species into the interlayers. These species can
migrate and change the electrical properties of the devices at gates and contacts and change
the dielectric properties of the SiO; layers. These changes may reduce the reliability of the
integrated circuits with time. Therefore, it is desirable to expose the wafer only to high purity
chemicals with very low concentrations of mobile metallic ions.

CMP compositions are increasingly being formulated with chemical ingredients that
are capable of etching tungsten in an effort to improve the rate at which tungsten vias are
polished. However, in many cases the resuiting CMP slurry compositions etch tungsten in a
manner that solubilizes the tungsten instead of converting the surface to a soft oxidized film
with improved tungsten abradeability. Due to these chemical compositions, recessing of the
tungsten plug due to undesirable tungsten etching occurs. Recessed tungsten vias, where the
surface of the tungsten is below that of the surrounding insulator surface, are a problem
because they can cause electrical contact problems to other parts of the device. In addition.
problems due to tungsten tecess may be caused by the fact that the resulting nonplanarity
may complicate the deposition of metal fayers on subsequent levels of the device.

Tungsten etching can also cause undesirable “keyholing” of tungsten vias. Keyholing
is a phenomenon whereby a hole is etched into the center of a tungsten via and, thereafter,
the hole migrates towards the sides of the via. Keyholing causes the same contact and filling
problems as recessing,

Anew CMP composition is needed that both polishes tungsten at high rates and that

does not cause undesirable tungsten plug recessing.

SUMMARY OF THE INVENTION

The present invention is directed to a chemical mechanical polishing composition

that is capable of polishing tungsten at high rates with minimat etching and/or corrosion.
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In addition, the chemical mechanical polishing composition of this invention is
able to polish substances vo}ith tungsten léyers at controlled rates with good trans-surface
uniformity. | |

This invention is also a state-of-the-art chemical mechanical polishing
compositioﬁ that is able to polish a substrate including tungsten vias and damascene at
very high rates to give a polished substrate that is capable of accepting a subsequent
layer of metallization without ﬁlling,- .6r contact proBlems caused by unacceptable
recessing or keyholing, . ' '

Furthermore, this invention is directed 'to methods for using the chemical
mechanical polishing composition of this invention in a slurry to polish a plurality of
metal layers in an integrated circuit including tungsten layers.

In one embodimént, this invention. is a chemical mechanical polishing
composition comprising a compound that is capable of etching tungéten, and at least one
inhibitor of tungsten etching. -

In another embodiment, this invention is a chemical mechanical polishing

. composition including a compound that is capable of etching tungsten, and at least one -

inhibitor of tungsten etching, wherein the inhibitor of tungsten etching is an amino alkyl

- -compound, a compound that forms alkylammonium ions at a solution pH less than about -

9.0, and mixtures thereof.

In another embodiment, this invention is a chemical mechanical polishing slurry
comprising from about 1.0 to about 15.0 weight percent silica, from about 0.001 to
about 0.2 weight percent ferric nitrate catalyst, from about 1.0 to about 10.0 weight
percent hydrogen peroxide, at least one stabilizer, and from about 0.001 to about 2.0°
weight percent of at least one inhibitor of tungsten etching.

In yet another embodiment, thié invention is a chemical mechanical polishing
slurry having a pH less than about 4.0 including from about 0.5 to about 15.0 weight
percent silica, from about 0.001 to about 0.2 weight percent ferric nitrate, from about
1.0 to about 10.0 weight percent hydrogen peroxide, at least one stabilizer, and from
about 0.001 to about 1.0. weight percent glycine.

This invention is also a method for polishing a substrate including at least one

tungsten layer. The polishing method begins by admixing at least one compound that is
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capable of etching thg’éien, at least one inhibitor of tungétan etching and deionized
water to give a chemical mechanical polishing composition having a pH less than 5.0,
wherein the compound capable of etching tungsten is a nitrogen containing compound.
The chemical mechanical polishing composition is then applied to the substrate, and a

5 pad is brought into contact with the substrate for a period of time sufficient to remove at
least a portion of the tungsten layer from the substrate.

DESCRIPTION OF THE CURRENT EMBODIMENT

10 The present invention relates to a chemical mechanical polishing composition
that comprises a compound that is capable of etching tungsten and at least one inhibitor
of tungsten etching, The chemical mechanical polishing composition is used to polish at
least one tungsten metal layer associated with a substrate selected from the group
including silicon substrates, TFT-LCD glass substrates, GaAs substrates, and other

15  substrates associated with integrated circuits, thin films, multiple level semiconductors,
and wafers. In particular, the chemical mechanical polishing composition of this
invention exhibits excellent polishing performance when used to polish a substrate
including one or more layers of tungsten, titanium, and titanium nitride layers of a
substrate in a single step.

20 Before describing the details of the various preferred embodiments of this
invention, some of the terms that are used herein will be defined. The “chemical
mechanical composition” refers to the combination comprising a compound that is
capable of etching tungsten and at least one inhibitor of tungsten etching that may be
used in conjunction with an abrasive pad to remove one or more layers of metal from a

25  multiple layer metallization.

The term *“chemical mechanical polishing slurry” or "CMP slurry", refers to
another useful product of this invention that comprises the chemical mechanical
composition of this invention and at least one abrasive. The CMP slurry is useful for
polishing a multiple level metallization which may include but is not limited to semi-

30 conductor thin-films, integrated circuit thin-films, and for polishing any other films,

surfaces and substrates where CMP processes are useful.
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One aspect of this invention is a chemical mechanical composition comprising a
compound that is capable of etching tungsten and at least one inhibitor of tungsten
etching. The chemical mechanical compo.si_tiqn of this invention is useful when
incorporated in a chemical mechanical. polishing slurry to bolish a metal layer including
tungsten. - The combinations disclosed herein are useful when incorporated into a CMP:
slurry or when used alone in conjunction with an abrbsive pad to polish metals and metal
based components including tungsten, titaniun_n, titanium nitride, copper, aluminum,
tantalum, tantalum nitride, and various mixtures and combih_atio_ns thereof.

The chemical mechanical composition of this ‘invention includes at least one
compound that is capable of etching tungsten. The term “c_:ombound capable of etching
tungsten” as used herein refers to a compound that corrodes tungsten by turning solid
tungsten metal or its oxide into a soluble tungsten corrosion product. A compound that is
capable of etching tungsten may include one or more compdnents tﬁat react with tungsten
metal or its oxide to form soluble tungsten corrosion products and/or it may refer to a
composition that is applied to tungsten at controlled conditions, such as high pH, high

_ temperature, high pressure or combinations thereof, that promote the conversion of

tungsten metal or its oxide into soluble tungsten corrosion products. .
Non-limiting examples of compounds that are capable of etching tungsten include
oxidizing agents, fluoride containing compounds, and organic acids such as oxalic acid
and malonic acid. ‘Many oxidizing agents eich tungsten at low rates at low pH. -
Sometimes, composition pH can enhance the tungsten etching rate of oxidizing agents.
The compound capable of etching tungsten of this invention may be a fluoride
containing additive. Fluoride containing additives useful as tungsten etchants may be any
known fluoride containing additives in an aqueous solution. 'Examples of useful fluoride
containing additives include fluoride salts, fluoride containing acids, fluoride polymers,
and any other organic or inorganic fluoride containing additives that react with titanium.
Aqueous compounds that are applied to tungsten at temperatures, and/or pH’s that
promote tungsten etching also fall within the definition of compounds that are capable of
etching tungsten. - When composition application conditions are controlled 10 cause
tungsten etching, then it is preferred that solution pH is the controlled composition

application parameter.
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The inhibitoés .d?f tungsten etching are effective at cotnposition pH’s up to about
9.0. It is preferred that the compositions of this invention have a pH of less than about

- 7.0 and most preferably less than about 5.0.

The compound capable of etching tungsten may be one or more oxidizing agents.
The oxidizing agent used is preferably one or more inorganic or organic per-
compounds. A per-compound as defined by Hawley’s Condensed Chemical
Dictionary is a compound containing at least one peroxy group (-0-O-) or a
compound containing an element in its highest oxidation state. Examples of
compounds containing at least one peroxy group include but are not limited to
hydrogen peroxide and its adducts such as urea hydrogen peroxide and percarbonates,
organic peroxides such as benzyl peroxide, peracetic acid, and di-t-butyl peroxide,
monopersulfates (SO;”), dipersulfates (S,0,7), and sodium pero_xidc.

Examples of compounds containing an element in its highest oxidation state
include but are not limited to periodic acid, periodate salts, perbromic acid,
perbromate salts, perchloric acid, perchloric salts, perboric acid, and perborate salts
and permanganates. Examples of non-per compounds that meet the electrochemical
potential requirements include but are not limited to bromates, chlorates, chromates,
jodates, fodic acid, and cerium (IV) compounds such as ammonium cerium nitrate.

Preferred oxidizing agents are hydrogen peroxide and its adducts such as urea
hydrogen peroxide and percarbonates, organic peroxides such as benzoyl peroxide,
peracetic acid, and di-t-butyl peroxide, monopersulfates (SOs ), dipersulfates (S:05),
sodium peroxide, and mixtures thereof A most preferred compound capable of etching
tungsten is hydrogen peroxide.

Oxidizing agents capable of: etching tungsten may be present in the qverall
chemical mechanical polishing composition in an amount ranging from about 0.5 to
about 50.0 weight percent. 1t is preferred that one or more oxidizing agents is present in
the polishing composition in an amount ranging from about 0.5 to about 10.0 weight
percent. '

Compositions of this invention include at least one inhibitor of tungsten etching.
The compound inhibits the conversion of solid tungsten into soluble tungsten

compounds while at the same time allowing the composition to convert tungsten to a
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soft oxidized film that can be evenly removed by abrasion. Classes of compositions that
are useful inhibitors of tungsten etching includé compouhds having nitrogen containing
functional groups such as nitrogen contmmng hetetoycles, alkyl ammonium ions, amino
alkyls, amino acids. Examples of useful corrosxon mhlbltors that include nitrogen
containing heterocyc_le_ﬁmctlonal _groups include 2,3,5-tnm.ethylpyrazme, 2-gthyl-3,5- -
dimethylpyrazine, quinoxaline, acetyl -pyrtole, pyridazine, histidine, pyrazine,
benzimidazole and mixtures thereof. | B

Examples of corrosion inhibitors that include a- mtrogen containing functional
group and at least one functional group selected from thml or sulfide functional groups
include glutat}uone (reduced), cysteine, 2-mercapato benzmudazo]e cystine, thiophene,

. mercapato pyridine N-oxxde thiamine hydrochlonde tetraethyl thiuram disulfide, 2,5-

dimercapto-1, 3-th|ad1azole and mlxtures thereof _

The term “alkyl ammonium jon” as used herem refers to nitrogen containing
compounds having functxonal groups that can produce allgyl ammonium jons in aqueous
solutions. The level of ?lkylammonium_ ions produced m aqueous solutions including

compounds with nitrogen containing functional groups is :_a function of solution.pH and

.the compound or compounds chosen. Examples of nitrogen containing functional group -

corrosion inhibitors that produce inhibitory amounts of alkyl ammonium ion functional
groups at aqueous solution pH':s. less than 90 include monoquat isies
(isostearylethylimididonium), cetyltrimethyl ammonium hydroxide, alkaterge E (2-
heptadecenyl-4-ethyl-2 o;:azoli_ne 4fm¢thanol), éliquat 336 (tricaprylmethyl ammonium
chloride), nuoSpet 101 (4,4 dimethyloxazolidine), teffgbut_ylammonium hydroxide,
dodecylamine, tetramethylammonium hydroxide and mixtug_"es thereof.

Useful amino alkyl c_:orrosion.inhibitors include, for __ex_zimple, aminopropylsilanol,
aminopropylsiloxane, dodecylaminé, mixtures thereof, :_.‘and. synthetic and naturally
ocbum'ng amino acids inéluding, for exfample,l'.lysine, tyrosine, glutamine, glutamic acid,
glycine, cystine, serine and glycine. | |

A preferred alkyl ‘ammonium ion functional group containing inhibitor of
tungsten etching is SILQUEST A-1106 silane, manufact\;;red by OSI Specialties, Ine.
SILQUEST A-1106 is a mixture of éﬁpmximatél_y 60 wt % water, approximately 30 wt

% aminopropylsiloxane, and approximately 10 wt %. aminopropylsilanol.  The
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anﬁnopropylsiloxané:-ﬁ%d aminopropylsilanol each fotm™ an inhibiting amount of

corresponding alkylammonium ions at a pH less than about 7. A most preferred amino

-alkyl corrosion inhibitor is glycine (aminoacetic acid).

The inhibitor of tungsten etching should be present in the composition of this
invention in amounts ranging from about 0,001 to about 2.0 weight percent and
preferably from about 0.005 to about 1.0 weight percent, and most preferably from
about 0.01 to about 0.10 weight percent.

The chemical mechanical composition of this invention optionally inciudes at
least one catalyst. The purpose of the catalyst is to transfer electrons from the metal
being oxidized to the oxidizer (or analogously to transfer electrochemical current from
the oxidizer to the metal). The catalyst or catalysts chosen may be metatlic, non-
metallic, or a combination thereof and the catalyst must be able to shuffle electrons
efficiently and rapidly between the oxidizer and metal substrate surface. Preferably, the
catalyst is an iron catalyst such as, but not limited to, inorganic salts of iron, such as iron
(I or III) nitrate, iron (Il or III) sulfate, iron (Il or II) halides, including fluorides,
chlorides, bromides, and iodides, as well as perchiorates, perbromates and periodates,
and ferric organic iron (I or III) compounds such as but not limited to acetates,
acetylacetonates, citrates, gluconates, malonates, oxalates, phthalates, and succinates,
and mixtures thereof.

The catalyst may be present in the chemical mechanical polishing composition in
an amount ranging from about 0.001 to about 2.0 weight percent, It is preferred that
the catalyst will be present in the chemical mechanical polishing composition in an
amount ranging from about 0.005 to about 0.5 weight percent. It is most preferred that
the catalyst will be present in the composition in an amount ranging from about 0.01 to
about 0.05 weight percent.

The amount of catalyst in the chemical mechanical composition of this invention
may be varied depending upon the oxidizing agent used. When the preferred oxidizing
agent hydrogen peroxide is used in combination with a preferred catalyst such as ferric
nitrate, the catalyst will preferably be present in the composition in an amount ranging
from about 0.005 to about 0.20 weight percent (approximately 7 to 280 ppm Fe in

solution).
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The concentration ranges of catalyst in the chemical mechanical polishing slurry
of this invention are generally reported as a weight percent of the entire compound. The
use of high molecular weight metal containing compounds that comprise only a small
percentage by weight of catalyst is well within the scope of catalysts in this invention.

The term catalyst when used herein also encompasses compounds wherein the catalytic

. metal comprises less than 10% by weight of the metal in the composition and wherein

the metal catalyst concentration in the CMP slurry is from about 2 to about 3000 ppm of
the overall slurry weight. - _

A preferred chemical mechanical composition of this invention includes hydrogen
peroxide and an iron catalyst. The' preferred inhibitors of tungsten etching for this

composition is glycine, aminopropylsilanol, aminopropylsiloxane, and mixtures thereof.

. The preferred inhibitors do not adversely effect the iron catalyst, they are relatively

stable to decomposition from peroxides, and they do not signiﬁcéntly reduce tungsten

. polishing rates.

The chemical mechanical compaosition of this invention may be combined with at -

least one abrasive to produce a CMP slurry. . The. abrasive is typically a metal oxide

: -abrasive, The metal oxide abrasive may be selected from the group including alumina,

titania, zirconia, germania; silica, ceria and mixtures thereof The CMP shurry of this .
invention preferably includes from about 0.5 to about 15.0 weight percent or more of an
abrasive. It is more preferred, however, that the CMP slurry of this invention includes
from about 1.0 to about 10.0 weight percent abrasive, and most preferably from about
1.5 to. about 6.0 weight percent abrasive. -

The metal oxide abrasive may be produced by any techniques known to those
skilled in the art. Metal oxide abrasives can be produced using. process such as sol-gel,
hydrothermal or, plasma process, or by processes for manufacturing fumed or
precipitated metal oxides. Preferably, the metal oxide is a fumed or precipitated abrasive
and, more preferably it is a fumed abrasive ‘such as fumed silica or fumed alumina. For
example, the production of firmed metal oxides is a well-known process which involves
the hydrolysis of suitabie feedstock vapor (such as aluminum chloride for an alumina
abrasive) in a flame of hydrogen and oxygen. Molten particles of roughly spherical

shapes are formed in the combustion process, the diameters of which are varied through
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process parameters. “;.ﬂlé;se molten spheres of alumina or s1m'iliar oxide, typically referred
to as primary particles, fuse with one another by undergoing collisions at their contact
points to form branched, three dimensional chain-like aggregates. The force necessary
to break aggregates is considerable and often considered irreversible. During cooling

s and collecting, the aggregates undergo further collision that may result in some
mechanical entanglement to form agglomerates. Agglomerates are thought to be loosely
held together by van der Waals forces and can be reversed, i.e., de-agglomerated, by
proper dispersion in a suitable media.

Precipitated abrasives may be manufactured by conventional techniques such as

10 by coagulation of the desired particles from an aqueous medium under the influence of
high salt concentrations, acids or other coagulants. The particles are filtered, washed,
dried and separated from residues of other reaction products by conventional techniques
known to those skilled in the art. .

A preferred metal oxide will have a surface area, as calculated from the method

15  of S. Brunauer, P.H. Emmet, and L. Teller, J. American Chemical Society, Volume 60,
Page 309 (1938) and commonly referred to as BET, ranging from about 5 m?/g to about
430 m%g and preferably from about 30m®/g to about 170 m*/g. Due to stringent purity
requirements in the IC industry the preferred metal oxide should be of a high purity.
High purity means that the total impurity content, from sources such as raw material

20  impurities and trace processing contaminants, is typically less than 1% and preferably
less than 0.01% (i.e., 100 ppm).

In this preferred embodiment, the metal oxide abrasive consists of metal oxide
aggregates having a size distribution less than about 1.0 micron, a mean aggregate
diameter less than about 0.4 micron and a force sufficient to repel and overcome the van

25  der Waals forces between abrasive aggregates themselves. Such metal oxide abrasive
has been found to be effective in minimizing or avoiding scratching, pit marks, divots
and other surface imperfections during polishing. The aggregate size distribution in the
present invention may be determined utilizing known techniques such as transmission
electron microscopy (TEM). The mean aggregate diameter refers to the average

30  equivalent spherical diameter when using TEM image analysis, i.e., based on the cross-

sectional area of the aggregate. By force is meant that either the surface potential or the
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hydration force of the metal oxide partlcles must be suﬁclent to repel and overcome the
van der Waals attractive forces between the particles.

In another preferred embodlment the ‘metal- ox:de abrasive may consist of
discrete, individual metal oxide parhcles having a primary partxcle diameter less than 0.4
micron (400nm) and a surface area rangmg from about 10 m */g to about 250 m*/g.

It is preferred that the metal oxide abrasive is silica havmg a surface area of from
about 120m%g to about 200m*/g,

Preferably, the metal oxide abrasive is inborporated into the aqueous medium of
the polishing slurry as a concentrated aqueous dlspersmn of metal oxides, which
concentrated aqueous dlspersmn of metal oxide abrasives typically ranges from about
3% to about 45% solids, and preferably between 10% and 20% solids. The aqueous
dispersion of metal o:;ideé may be produced utiiizing conventional techniques, such as
slowly adding the metal oxide abrasive to an appropriaté ' médium, for example,
deionized water, to foﬁn a colloidal dispersion. The particlés may be washed, dried and
separated from residues of other reaction prbdﬁcts by coh\zleﬁtional techniques known .
to those skilled in the art. The dlsperslon is typlcally completed by sub]ectmg it to high -
shear mlxmg conditions known to those sktlled in the art. The pH of the slurry may be

- adjusted away from the isoelectric point to ' maximize colloidal stability. -

Other well known: polishing slurry additives may '-be incorporated alone or in
combination into the chemical mechanical polishing slurry of this invention. A non-
inclusive list is inorganic acids, surfaétam_;s, and dispersing égents.

An optional additive which -ma'y be usg;:_ﬁxl with this invention is one which
stabilizes the inorganic or organic per ¢ompo_\1nd in the presence of a metal complex.
For example, it is weli known that hyd_rogeﬁ pgi'oxide is not stable in the presence of
many metal ions without the use of stabilizers. For this reason, the CMP composition
and slurries of this iﬁveni:ion may indude a siabilizer. Without the stabilizer, the
optional catalyst and the inorganic or~ofganic per compound may react in a manner that
degrades the per compound rapidly over time. The addition of a stabilizer to
compositions of this invention reduces the effectiveness of the catalyst. Therefore the
choice of the type and amount of stabilizer added to the composition is important and

has a significant impact on CMP performance.
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An additive which may be useful with this inVéstion is one which stabilizes
the oxidizer in the presence of the metal complex. It is well known that hydrogen
peroxide is not stable in the presence of many metal ions without the use of
stabilizers. For this reason, the CMP composition and slurries of this invention may
include a stabilizer. Without the stabilizer, the catalyst and the oxidizing agent may
react in 2 manner that degrades the oxidizing agent rapidly over time. The addition
of a stabilizer to compositions of this invention reduces the effectiveness of the
catalyst. Therefore the choice of the type and amount of stabitizer added to the
composition is important and has a significant impact on CMP performance.

The addition of a stabilizer to the compositions and slurries of this invention is
presently understood to create a stabilizer/catalyst complex that inhibits the catalyst
from reacting with the oxidizing agent. For purpose of this disclosure the term
“product of the mixture of at least one catalyst having multiple oxidation states and at
least one stabilizer” refers to an admixture of both ingredients as used in a
composition and slurry whether or not the combination of ingredients forms a
complex in the end product.

Useful stabilizers include phosphoric acid, organic acids (e.g., adipic, citric,
malonic, orthophthalic, and EDTA), phosphonate compounds, nitriles and other
ligands which bind to the metal and reduce its reactivity toward hydrogen peroxide
decomposition and mixture thereof. The acid stabilizers may be used in their
conjugate 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 describe useful stabilizers
also means the conjugate base of the acid stabilizer. For example the term “adipic
acid” means adipic acid and its conjugate base. Stabilizers can be used alone or in
combination and significantly decrease the rate at which oxidizing agents such as
hydrogen peroxide decomposes.

Preferred stabilizers include phosphoric acid, phthalic acid, citric acid, adipic
acid, oxalic acid, malonic acid, benzonitrile and mixtures thereof. The preferred
stabilizers will be added to the compositions and slurries of this invention in an
amount ranging from about 1 equivalent per catalyst to about 3.0 weight percent or

more and preferably in an amount ranging from about 1 equivalent per catalyst to
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about 15 equivalents per catalyst. As used herein, the term “equivalent per catalyst”
means one molecule of stabilizer per catalyst _1:_01i in the composition. For example 2
equivalents per catalyst means two mpl_ecqlgs_ §f stabilizer for each catalyst ion.

A more preferred stabiliz_eﬁ is fromr about 1 equi\'(aler_its per catalyst to about 15
equivalents per catalyst of malonic acid and .mbst preferably from about 1 to about 5
equivalents malonic acid. _

The chemical mechanical polishing composition of this invention has been found
to have a high tungsten (W) polishing rate as well as good polishing rates towards
titanium (Ti). In- addition, the chemical 'meéhmﬂcﬂ polishing composition exhibits
desirable low polishing rates towards the dielectric insulating layer.

The composition of this invention may be produced using any techniques known

- to those skilled in the art. For ex_amp_le,__ the compound capable of etching tungsten and

the compound which acts to inhibit tungsten etching may be combined before applying
the composition to a tungsten containing wafer or they may be independently applied to -
a polishing pad or to a tungsten wéfé; before or during tungsten wafer polishing. The
composition of this invention m'éy' generally be manufactured by combining the
ingredients together in any order. - - |

In one method, for example, the compound capable of etching tungsten and -
tungsteﬁ etching inhibitor are mixi;d ih_to an aqueous medium, such as deionized or
distilled water, at pre-determined concentrations under low shear conditions until such
components are completely dissolved in the rhec__lium. A concentrated dispersion of the
metal oxide abrasive, such as fumed silica, is ppﬁonally added to the medium and diluted
to the desired loading level of abrasive in the i_i__nal CMP slulffy. In addition, optional
catalyst and other additives such as one ér inpré stabilizers, may be added to the slurry
by any xﬁe’thod that is able to incorporate metal catalytic compounds of this invention in
an aqueous solution. The resulting slun-iés ére typical_lj filtered to remove large
contaminants, impurities, and so for_t_h _fr_of_n the slurry before it is used.

In another method, the stabilizer and catalyst are admixed to form a complex
prior to combining the complek with an ._ _oxidiﬁng agent such as hydrogen peroxide.
This may be accomplished by adéﬁ;;ing the stabilizer and a metal oxide abrasive

dispersion to give an abrasive/stabi!_iz_gr dispersion followed by admixing the catalyst.
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with the abrasive/é;tébfi_jzer dispersion to give a cataly;f/sfabilizer complex in a metal
oxide dispersion. fﬁe'loﬁdizing agent is then added to the édmixture. When the metal
oxide abrasive is alumina, then the stabilizer and catalyst should be admixed to form a
complex prior to admixing the complex with the alumina abrasive, otherwise the catalyst
may be rendered ineffective.

Some inhibitors of tungsten etching may decompose in the presence of hydrogen
peroxide or other compositions capable of etching tungsten. If there are compatibility
problems between the inhibitor of tungsten etching and other compound ingredients,
then the inhibitor should be combined with the other ingredients immediately before use.

The compositions of the present invention may be supplied as a one package
system comprising at least a composition capable of etching tungsten and an inhibitor of
tungsten etching. Optional components, such as an abrasive and any optional additives
may be placed in either the first container, the second container or in a third container.
Furthermore, the components in the first container or second container may be in dry
form while the components in the corresponding container are in the form of an aqueous
dispersion. For example, the first container may comprise an organic per compound
such as hydrogen peroxide, in liquid form while the second container comprises an
inhibitor of tungsten etching in dry form. Alternately, the first container may comprise a
dry per compound or fluoride containing compound while the second container may
comprise an aqueous solution of at least one inhibitor of tungsten etching. Other two-
container, and three or more container combinations of the ingredients of the chemical
mechanical composition and CMP slurry of this invention are within the knowledge of
one of ordinary skill in the art.

EXAMPLES

We have discovered that a composition including a compound capable of etching
tungsten and an inhibitor of tungsten etching is capable of polishing a multiple metal
layer comprising tungsten and titanium at high controlled rates while exhibiting an
acceptable low polishing rate towards the dielectric layer.

The following examples illustrate preferred embodiments of this invention as well

as preferred methods for using compositions of this invention.
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EXAMPLE 1

A chemical mechanical polishing shurry was prepared in order to evaluate the ability
of the resulting slurries to etch tungsten. A standard CMP slurry was prepared consisting of
5 an agqueous solution of 5.3 wt % silica, 53 ppm iron in the form of ferric nitrate, 3.75 wt %
'H;0,, and 0.05 wt % malonic acid. The silica was predispersed before combining it with the
other slurry ingredients as described in Example 3.
Small uniform pieces of a tungsten wafer were immersed in the CMP slurry for 30
minutes, recovered, dried, and the thickness measured by resistivity. The rate of tungsten
10  etching was then calculated in units of A/min. The standard slurry exhibited a tungsten
etching rate of 41 A/min. : N '
0.04 wt % of compounds viewed as potential inhibitors of tungsten etching were
added to the standard shurry after which the ability of the CMP shurry to etch tungsten was
evaluated. The results of the etching tests are reported in Table 1, below.
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Table 1
Tungsten Etching Evaluation
Slurry Additive Rate
A/min
1 None 41
2 2,3, 5-trimethylpyrazine 35
3 2-ethyl-3,5-dimethylpyazine 33
4 Quinoxaline 31
5 2-acetyl pyrrole 36
6 Pryridazine 31
7 Histidine 6
-8 Pyrazole 48
9 * S-nitroindazole 37
10 3,5-dimethylpyrazole 38
11 Pyrazine 31
12 Benzimidazole 36
13 Benzotriazole 40
14 Pyridine 45
15 monoquat isies (isostearylethylimididonium) 1
16 cetyltrimethyl ammonium hydroxide 3
17 Alkaterge e (2-heptadecenyl-4-ethyl-2 oxazoline 4- 9
methanol)

18 aliquat 336 (tricaprylmethyl ammonium chloride) 22
19 nuosept 101 (4.4 dimethyloxazolidine) 37
20 Tetrabutylammonium hydroxide 40
21 Tetramethylammonium hydroxide 40
22 Glutathione (reduced) 3
23 Cysteine 6
24 2-mercapto benzimidazole 35
25 ' Cystine 5
26 Thiophene 40
27 mercapto pyridine n-oxide 39
28 thiamine hydrochloride 11
29 tetraethyl thiuram disulfide 39
30 2,5-dimercapto-1,3-thiadiazole 47
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EXAMPLE 2

Chemical mechanical pohshmg slurries mcludmg various inhibitors of tungsten
etching were prepared in order to evaluate the ability of vanous the resulting slurries to
etch tungsten. A standard CMP slgrry was ]_;rgpared consisting of an aqueous solution .
of 5.0 wt % silica. The silica was predlspersed before combining it wiith the other slurry
ingredients as described in Example 3 The pred:spersed silica was combined with 50 ppm
iron in the form of ferric nitrate, 4 wt % Hzoz, and 3 equwalents malonic acid per atom
of iron catalyst. The pH of the resultmg slurry was adjusted to 2.3 with nitric acid.
Small uniform pieces of tungsten wafer were lmmersed in the CMP slurry for 30
minutes, recovered, dried and the thlckness measured by resistively. The rate of
tungsten etching was then calculated i _m_ umts A/min, The standard slurry exhibited
tungsten etching rate of 45 A/rrun Varymg amounts of inhibitors of tungsten etching
were added to the standard slurry after whlch the ability of the CMP slurry to etch
tungsten was evaluated identically tothe method used to evaluate the standard slurry -
tungsten etch rate. The rr;sult of thé qt;:hiné tesfé are reported in Table 2 below.

 Table2

Sample Formulation Lo Etch Rate (A/min)

31 None = .* - L .45
32 - 10.05% phenylalamne ; 29
33 10.05% lysine’ - . 8

34 1 0.05% tyrosine ' 26
35 ' 0.05% glutaimine. . 11
36 0.05% glhutamic Acid 16
37 0.05% glycine: - 14
38 0.01 S%I-ECYSt'ine' : 8

A second base chemical mechamcal pohshmg slurry was prepared. The slurry
consisted of 5.0 wt % fumed sxllca The s|11ca was predlspersed before combining it with
the other shury ingredients as descnbed in Example_ 3. The predispersed silica was combined
with 50 ppm iron in the form of '_t_‘err_ic nitrate, 0.05 wt % malonic acid, 4.0 wt %
hydrogen peroxide, 0.001 wt % Kathon 866 MW bactericide manufactured by Rohm &
Haas, and deionized water. The base 'slun'y was adjusted with nitric acid to a pH of 2.3.
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The slurry was coni_BinE_d with various amino acids of the type and amount set forth in
Table 3, below. The shuiry etch rate was determined as described above.

Table 3
Sample Formulation Etch Rate (A/min)
39 None 46
40 0.04% cysteine 7
41 0.05% cystine 5
42 0.05% serine 21
43 0.05% 3,3-dithiopropionic 40
acid
44 0.06% 2,5-diphenyl-1,6,6a- 36
trithiapentane

These results show that slurries containing compounds including thiols or
disulfides in- combination with a nitrogen containing functional group are effective at

reducing tungsten etching.

EXAMPLE 3

A polishing slarry was prepared in order to evaluate its performance on tungsten
wafer CMP. Performance parameters measured included tungsten polishing rates. A
standard abrasive slurry including 5.0 weight percent fumed silica was prepared. The
shurry was prepared by predispersing silica, having a surface area of 150m’/g under high
shear to make a concentrated dispersion. The dispersion was then filtered sequentially
with a 5 micron bag filter, followed by a 1 micron bag filter, followed by a 1 micron
cartridge filter, and finally with a 0.2 micron cartridge filter before diluting the silica
further and adding the remaining ingredients. The remaining slurry ingredients included
0.036 wt % iron catalyst in the form of ferric nitrate nonahydrate, 6.0 weight percent of
hydrogen peroxide, 0.05 weight percent malonic acid and deionized water with 0.05 wt
% pyridazine added as a tungsten corrosion inhibitor. The pH of the final slurry was
adjusted to 2.3 with nitric acid.

The CMP slurry was applied to chemically-mechanically polish a tungsten
patterned wafer having thickness of approximately 8000 A of tungsten using a
SUBAS00/SUBAIV pad stack manufactured by Rodel, Inc. The polishing was
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performed using a TPEC 472 tool at a down force of 5 psi, a slurry flow rate of 150
ml/min, a table speed of 60 rpm, and a spindle speed of 65 fpm.

Without the pyridazine tungsten corrosion inhibitor, the CMP slurry exhibited
tungsten plug recessing of about 350 Aona 0.5 micrometer plug. The addition of 0.05
wt % pyridazine tungsten corrosion inhibitor decreased tungsten plug recessing to about
230 A without any loss in other polishing performanc_e characteristics such as rate,
uniformitjr and erosion. "

EXAMPLE 4

A base slurry was prepared for this exémple. The base slurry included 5 wt %
fumed silica, 50 ppm iron in the form of ferric nitrate, 2.0 wt % hydrogen peroxide, 0.05
wt % malonic acid, 0.001 Wt % Kathon in water. The silica was predispersed before:
combining it with the other slurry ingredients as described in Example 3. After addition of
additives identified in Table 4, the pH was adjusted, as necessary, to the indicated pH

* using nitric acid or potassium hydroxide. The etch rates of each slurry were determined

- following the method described in Example 2.

Table 4
Slurry Additive pH W Rate Ang/min
45 None ' 2.3 29
46 0.02% oxalic acid 2.3 98
47 0.02% oxalic acid + 0.05% 23 . 45
‘glycine
48 0.05% dodecylamine - 2.3 i 0
49 0.03% Silquest A-1106 2.3 3
50 : None - 5.0 64
51 0.05% glycine 5.0 47
52 None 7.0 124
- 53 _0.05% glycine ' 70 - : - 101
54 0.03% Silquest A-1106 7.0 - 85
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The results ﬁom Table 4 show that the tungsten étcﬁ rate increase upon addition
of an organic acid, oxalic acid, to slurry 46, However, upon the addition of glycine, a
compound including a nitrogen functional group to an oxalic acid containing slurry, the
tungsten corrosion rate dropped. The addition of compounds including one or more
amino alkyl functional group such as dodecylamine, glycine and A-1106 also
significantly reduced the tungsten cotrosion rate in comparison to slurries that do not
contain an amino alkyl functional group. Finally, the results in Table 4 show that the
compounds including the nitrogen containing functional groups are able to inhibit
tungsten etching to pHs at least as high as 7.0.

‘What we claim is;
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CLAIMS

1. A chemical mechanical pbliShing-domposition comprising:
a compound that is capable of etching tungsten; and
at least one inhibitor of tungsten etchmg

2. The chemical mechanical polishing composition of claim 1, wherein the
inhibitor of tungsten etching is -a compound - that includes a nitrogen containing
functional group.

3. The chemical mechanical polishing composition of claim 1, wherein the
inhibitor of tungsten etching is a .compound including at least one functional group
selected from nitrogen containing heterocycles, sulfides, thiols, alkyl ammonium ions or

mixtures of functional groups in one compound.

4, The chemmal mechanical polishing composition of claim 2, wherein the
compound that includes a nitrogen containing ﬁmctxonal group isa mtrogen containing
heterocycle, a compound that forms alkylammonium ions, amino alkyls, amino acids and

mixtures thereof,

5. The chemical mechanical pqlishihg composition of claim 2, wherein the
compound that includes .a nitrogen containing functional groups is selected from the
group 2,3,5-trimethylpyrazine, 2-ethyl-3;5-dimethylpyrazine, quinoxaline, acetyl pyrrole,
pyridazine, histidine, ﬁyra_zine, benzimidazole and mixtures thereof.

6. The chemical mechanical poliShing composition of claim 1, wherein the
inhibitor of tungsten etching is selected from pglutathione (reduced), cysteine, 2-
mercapato benzimidazole, cystine, thiophene, mercapato pyridine N-oxide, thiamine
hydrochloride, tetraethyl thiuram disulfide, 2,5-dimercapto-1.3-thiadiazole and mixtures
thereof.
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7. The dheffiical mechanical polishing composition of claim 1, wherein the
inhibitor of tungsten etching is a compound including an alkyl ammonium ion fanctional
group selected from Monoquat Isies (isostearylethylimididonium), cetyitrimethyl
ammonium hydroxide, Alkaterge E (2-heptadecenyl-4-ethyl-2 oxazoline 4-methanol),
Aliquat 336  (tricaprylmethyl ammonium chloride), Nuospet 101 (44
dimethyloxazolidine), tetrabutylammonium hydroxide, dodecylamine,
tetramethylammonium hydroxide and mixtures thereof.

8. The chemical mechanical polishing composition of claim 2, wherein the
compound that includes a nitrogen containing functional group is a compound that

forms alkylammonium ions at a pH less than about 9.

9. The chemical mechanical polishing composition of claim 1, wherein the
inhibitor of tungsten is selected from naturally occurring amino acids, synthetic amino

acids, and mixtures thereof.

10.  The chemical mechanical polishing composition of claim 1, wherein the

inhibitor of tungsten etching is glycine.

11.  An aqueous solution of the chemical mechanical polishing composition of
claims 1-10.

12.  The chemical mechanical polishing composition of claim 1, wherein the
inhibitor of tungsten etching is at least one compound that forms alkylammonium ions in

an aqueous solution having a pH less than about 5.0.

13.  The chemical mechanical polishing composition of claim 1, including

aminopropylsilanol, aminopropylsiloxane, and mixtures thereof.

14,  The chemical mechanical polishing composition of claim 1, wherein the

component capable of etching tungsten has a pH capable of etching tungsten.

- This.Sheet Has Been Replaced
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15. The chermcal mechamcal pohshmg composition of claim 14, wherein the
pH of the compound -capable of etchmg tungsten is greater than about 4.0.

16.  The chemical mechanical poli_sh_g_ng composition of claims 1-15, wherein

the compound capable of etching tuhést_en is at !éast one oxidizing agent.

17.  The chemical mechamcal pohshmg composition of claim 16, wherein the
oxidizing agent is at least one per-compound

18.  The chemical mechanical polishing composition of claim 17, wherein the

per-compound is hydrogen peroxide.

19. - The chemical mechanical polishing composition of claim 18, including
from about 0.1 to about 50 weight percent hydrogen peroxide.

20. The chemical mechamcal polishing composition of claim 19, including

from about 0.5 to about 10 weight percent hydrogen peroxide.

21.  The chemical mechanical 'polishifng composition of claims 1-20, wherein

the compound capable of etching tungsten is at least one fluoride containing compound.

22.  The chemical mechanical pqﬁshing composition of claims 1-21, further

comprising at least one metal catalyst.

23.  The chemical mechanical polishing composition of claim 22, wherein the

. metal catalyst is an irbn_catalyst selected ﬁ’drn_ the group consisting of inorganic iron

compounds and organic iron compounds having multiple oxidation states.

24.  The chemical mechanical polishing coinp.osition of claim 23, wherein the

iron catalyst is ferric nitrate, -
. Thls Sheet Has-Been:Replaced

llIlIlIl T




10

15

20

25

30

v T s

-25.

is 2k o
25.  The chemical mechanical polishing composition of claim 24, including
from about 0,001 to about 2.0 weight percent ferric nitrate catalyst.

26.  The chemical mechanical polishing composition of claim 1, wherein the
compound capable of etching tungsten is hydrogen peroxide and wherein the
composition further includes from about 0.001 to about 0.2 weight pér’cent of an iron
catalyst.

27. A chemical mechanical polishing slurry including the chemical mechanical

composition of claims 1-26 and at least one metal oxide abrasive.

28.  The chemical mechanical polishing slurry of claim -27, wherein the metal
oxide abrasive is selected from the group including alumina, ceria, germania, silica,

titania, zirconia, and mixtures thereof

29.  The chemical mechanical polishing slurry of claims 27-28, wherein the

metal oxide abrasive is an aqueous dispersion of a metal oxide,

30.  The chemical mechanical polishing slurry of claims 27-29, wherein the
metal oxide abrasive consists of metal oxide aggregates having a size distribution less

than about 1.0 micron and a mean aggregate diameter less than about 0.4 micron.

31.  The chemical mechanical polishing slurry of claims 27-29, wherein the
metal oxide abrasive consists of discrete, individual metal oxide spheres having a
primary particle diameter less than 0.400 micron and a surface area ranging from about
10 m%/g to about 250 m%/g.

32.  The chemical mechanical polishing slurry of claims 27-31, wherein the
metal oxide abrasive has a surface area ranging from about 5 m%/g to about 430 m’/g.

—_—
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33. The chemical mechéinical polishing slurry of claim 32, wherein the metal
oxide abrasive has a surface area of from aboix_t 30 m%g to about 170 m%g.

34.  The chemical mechanical pohshmg slurry of clalms 27-33, wherein the

metal oxide abrasive is a preclpltated abraswe or a fumed abraswe

35. The chemlcal mechamcal pohshmg slurry of clalms 27-34, wherein the

metal oxide abrasxve is sxhca

36.  The chemical mechaniqal polishing slurry of claim 35, wherein the silica is

fumed silica.

37.  The chemical mechanical polishing composiﬁbn of claims 1-26, further
including at least one stabilizer. -

38.  The chemical mechanical polishing slurry of claims 27-36, further
including at least one stabilizer.

39. The chemical mechanical polishing composmon of claim 37 or the
chemlcal mechanical polishing slurry of claim 38, mcludmg at least one stabilizer
selected from phosphoric acid, phthahc ac1d, citric acid, adipic acid, oxalic acid,

malonic acid, benzonitrile and mixtures thereof.

40.  The chemical mechanical polishing composition or chemical mechanical
polishing slurry of claim 39, wherein the stabilizer .is from:j'about 1 equivalents per

catalyst to about 15 equivalents per catalyst of malonic acid. -

41. A chemical mechanical polishing slurry comprising:
from about 1.0 to about 15.0 weight pei'cent silica;

from about 0.001 to about 22 weight percent fef_ric nitrate;
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from%t’w‘*at 1.0 to about 10.0 weight percéfit 6F at least one stabilizer;

and:

from about 0.001 to about 1.0 weight percent of at least one inhibitor of

tungsten etching.

42. A chemical mechanical polishing slurry comprising:

from about 1.0 to about 15.0 weight percent silica;

from about 0.001 to about 0.2 weight percent ferric nitrate;

from about 1.0 to about 10.0 weight percent hydrogen peroxide;

at least one stabilizer; and

from about 0.001 to about 1.0 weight percent of at least one inhibitor of

tungsten etching.

43.  The chemical mechanical polishing shurry of claims 41 or 42, wherein the

inhibitor of tungsten etching is pyridazine.

44.  The chemical mechanical polishing slurry of claims 41-43, wherein the

stabilizer is from about 1.0 to about 15 equivalents per catalyst of malonic acid.

45. A chemical mechanical polishing slurry comprising:

from about 0.5 to about 15.0 weight percent silica;
from about 0.001 to about 0.2 weight percent ferric nitrate catalyst;

from about 0.5 to about 10.0 weight percent hydrogen peroxide;

at least one stabilizer; and

from about 0.001 to.about 1.0 weight percent of an inhibitor to tungsten

etching selected from glycine, aminopropylsilanol, aminopropylsiloxane,

and mixtures thereof, wherein the slurry has a pH less than about 9.

46.  The chemical mechanical polishing slurry of claim 45, wherein the

inhibitor of tungsten etching is glycine.
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47. The éherrﬁcal_mechﬁx_ﬁqa] p@lishing slurry of claims 45 or 46, wherein the
inhibitor of tungsten etching is the mixture of glycine, aminopropylsilanol, and

aminopropylsiloxane.

48.  The chemical mechanical pol';shing slurry of claims 45-47, wherein the
stabilizer is from about 1 to about 5 equivalents per catalyst of malonic acid.

49. A method for polishing a substraté including at least one tungsten layer
comprising the steps of ' '
(a)  admixing at least one compound that is capable of etching tungsten, at
least one inhibitor of tungsten etching and deionized water to give a chemical
mechanical polishing compositioﬁ; : :
(b)  applying the chemicai mechanical polishing '_compoéition to the substrate;
and o _ 
(c) removmg at least a portion of the tungsten layer from the substrate by
bringing a pad mto contact with the substrate and’ movmg the pad in relation to”
the substrate. '

50. A method for polishing a substrate indudin}g_ at least one tungsten layer
' comprising the steps of. ;
(a) admixing at least one compound that is capable of etching tungsten, at
least one inhibitor of tungsten etching and deioniz'é.d water to give a chemical
mechanical polishing composition; having a pH less than 9.0, wherein the inhibitor
of tungsten etching is an amino alkyl, a compound that forms alkylammonium
ions at a solution pH less than about 9.0 and mixture;% thereof;
(b)  applying thg chemical mechanical polishing éo_niposition to the substrate;
and ' k _ :
(c)  removing a@ least a portion of the tungstenl layer from the substrate by

bringing a pad into contact with the substrate and moving the pad in relfation to

the substrate. .
This Sheet Has Been Replaced
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51. The xﬁéffiéd of claims 49 or 50, wherein the substrate further includes a
titanium and/or titanium nitride metal layer wherein at least a portion of the titanium
nitride layer is removed in step (c).

52.  The method of claims 49-51, wherein the compound capable of etching
tungsten is hydrogen peroxide.

53. The method of claims 49-52, wherein the chemical mechanical
composition includes a catalyst selected from the group inorganic iron compounds and

organic iron compounds,

54.  The method of claim 53 wherein the catalyst is from about 0.001 to
about 2.0 weight percent ferric nitrate.

55. The method of claims 49-54, wherein the chemical mechanical
composition further comprises at least one metal oxide abrasive to give a chemical

mechanical polishing slurry.

56.  The method of claim 55, wherein the metal oxide abrasive is selected
from the group including alumina, ceria, germania, silica, titania, zirconia, and mixtures

thereof.

57. The method of claims 55 or 56, wherein the metal oxide abrasive is an

aqueous dispersion of a metal oxide.
58.  The method of claims 55-57, wherein the metal oxide abrasive is selected
from the group consisting of precipitated alumina, fumed alumina, precipitated silica,

fumed silica, and mixtures thereof,

59.  The method of claims 55-58, wherein the metal oxide abrasive is from

about 0.5 to about 15.0 weight percent silica.
This Sheet Has Been Rep
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60.  The method of claims 49-59, wherein the inhibitor of tungsten is selected
from the group natur?;lly -_occun'ing' amino acids, synthetxfc amino acids, and mixtures
thereof. |

61.  The method of claims 49-60, wherein the inhibitor of tungsten etching is
iycne. L _ S

62. The method of claims 49-60, wherein the mhlbntor of tungsten etching is
at least one compound that forms alkylammomum ions in an aqueous solution having a
pH less than about 5.0.

63. The method of claim 49-62, wherein the- i_hhibitor- is selected from

glycine, aminopropylsiianol, aminopropylsiloxane, and mlxtures thereof,

64. A method for polishing a subetrate including.at least one tungsten layer
comprising: . . o
(a)  admixing from about 0.5 to about 15.0 deht percent silica, from about
0.001 to about 0 Z'Weight percent femc nitrate catelyst; from about 0.5 to about
10.0 weight percent hydrogen peroxide, at least one: stablhzer and from about
0.001 to about 1.0 weight percent glycme and delomzed water to give a
mechanical chemical pohshmg slurry havmg a pH of from about 2.0 to about 5.0;
®) applymg the chemical mechamoal polishing slurry to the substrate; and
(c) removmg at least a portion of the tungsten layer by bringing a pad into

contact with the substrate g_md moving the pad i _m relation to the substrate.

65. The methoéi of claim 64, wherein the chemical mechanical polishing

slurry includes aminopropyisilanol, aminopropylsiloxane and mixtures thereof.

66. A method for polishing a su_bstrate including at least one tungsten layer

comprising; - This Sheet Has; Bee
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(a) admbfﬁé;_ﬁ’qm about 0.5 to about 15.0 weight percent silica, from about

0.001 to about 0.2 weight percent ferric nitrate catalyst, from about 1.0 to about

10.0 weight percent hydrogen peroxide, from about 1 equivalent to about 15

equivalents per catalyst of malonic acid, from about 0.01 to about 0.5 weight of
5 at least one inhibitor of tungsten etching, and deionized water to give a

mechanical chemical polishing shurry;

(b)  epplying the chemical mechanical polishing slurry to the substrate; and

(c) removing at least a portion of the tungsten layer by bringing a pad into

contact with the substrate and moving the pad in relation to the substrate.
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