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any suitable amount. Desirably, the anmount of stabilizer is based on
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Conposi Hlagisd 9 standupagitted far g)time of 2 hours, the difference between the concentratxon of
particles in the bottom 50 ml of the graduated cylinder ([B] in terms of g/ml) and the
concentration of particles in the top 50 ml of the graduated cylinder ([T] in terms of g/ml)
divided by the initial concentration of particles in the abrasive composition ([C] in terms of
g/ml) is less than or equal to 0.5 (i.e., {{B] - [T]}/[C] <0.5). More preferably, the value of [B]-
[TY/[C] is less than or equal to 0.3, and most preferably is less than or equal to 0.1.
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cheri Calil}f xide, ip@ﬁf}rlggg p(mlé% iopyop onally comprises pH buffering systems, for example
potassium hydrogen phthalate. Such pH buffering systems are well known in the art.

[0028] The chemical-mechanical polishing composition optionally comprises a stabilizer. It
is well known that hydrogen peroxide and other per compounds are not stable in the presence of
many metal ions without the use of stabilizers. Without the stabilizer, the metal ion or ions and
the per compound may react in a manner that degrades the per compound over time. The
stabilizer may also interact with the compound that etches tungsten in the compositions of the
invention and reduce the effectiveness of the etchant. Therefore, the selection of the choice and
of the amount of the stabilizer can be important and can influence the effectiveness of the
polishing composition.

[0029] Useful stabilizers include but are not limited to phosphoric acid, organic acids (e.g.,
malonic acid, citric acid, adipic acid, oxalic acid, phthalic acid, and ethylenediaminetetraacetic
acid), nitriles, and other ligands that are capable of binding to metal ions and reduce their
reactivity towards per compounds. It will be appreciated that the aforementioned acids can exist
in the form of a salt (e.g., a metal salt, an ammonium salt, or the like), an acid, or as a partial salt
thereof. For example, malonates include malonic acid, as well as mono- and di-salts thereof.
Preferred stabilizers are selected from the group consisting of malonic acid, citric acid, adipic
acid, oxalic acid, and mixtures thereof. An especially preferred stabilizer is malonic acid.
[0030] The stabilizer can be present in the chemical-mechanical polishing composition in
any suitable amount. Desirably, the amount of stabilizer is based on the amount of the tungsten
etchant that is present in the composition. Preferably, the amount of stabilizer will be 1 molar
equivalent or more (e.g., 2 molar equivalents or more). The amount of stabilizer will typically
be less than 5 molar equivalents.



substrates (Conpositions 2A, 2B, 2C, 2D, 2E, and 2F). Each of the
conpositiqns conprised 0.5 wt. %SI|IC8. 0.4143 wt.%o0 0 . 9%
‘aqueous S()‘Vﬂlz?oﬁlﬁy“g?z ferric nitrate (i.e., 0.0017 M ferFF@U%?OP%tléf,
and 320 ppm of malonic acid in water, and had a pH of 2.3.
Composition 2A (control) did not cont ai n any ot her conponents.
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(i nvent stelifnt @ the mhibiton Eyngsien etgfung may be combined in water before applying the
polishing composition to a substrate comprising tungsten or they may be applied separately to a
polishing pad or to a substrate before or during substrate polishing. Generally, the components
of the polishing composition may be prepared by combining the ingredients in any order. The
term “component” as used herein includes individual ingredients (e.g., acids, bases, etc.) as well
as any combination of ingredients (e.g., acids, bases, surfactants, etc.).
[0033] For example, the tungsten etchant and the inhibitor of tungsten etching can be
combined in water at predetermined concentrations and mixed until such components are
completely dissolved. A concentrated dispersion of an abrasive, if used, then can be added, and
the mixture diluted to give the desired concentration of abrasive in the final polishing
composition. Optionally, a per-compound, a stabilizer, and other additives can be added to the
polishing composition at any time during the preparation of the polishing composition, e.g.,
before or after addition of the tungsten etchant and the inhibitor of tungsten etching, and before
or after adding the abrasive, if an abrasive is desired, and mixed by any method that is capable of
incorporating the additives into the polishing composition. The mixture can be filtered, if
desired, to remove large particulate contaminants such as dirt or packaging materials before use.
[0034] The polishing composition can be prepared prior to use, with one or more
components, such as the per-compound, added to the polishing composition just before use (e.g.,
within 1 minute before use, or within 5 minutes before use, or within 1 hour before use, or
within 24 hours before use, or within 7 days before use). For example, the inhibitor of tungsten
etching may decompose in the presence of the tungsten etchant or in the presence of the per
compound. In such a situation, the inhibitor of tungsten etching may be added to the polishing
composition immediately before use (e.g., within 1 minute before use, or within 5 minutes
before use, or within 1 hour before use, or within 24 hours before use, or within 7 days before
use).
[0035]  The chemical-mechanical polishing composition can be supplied as a one package
system comprising tungsten etchant and an inhibitor of tungsten etching. Optional components,
such as an abrasive and/or a per-compound, can be placed in a second or third container.



[ 0050] As is apparent fromthe data set forth in Table 2, Conposition
2B (conparative) exhibited an approximately 36%increase in erosion
as conpar eYOXPBA47Pe control composition, i.e., ConposFCHIER2HPH001413
Conposition 2C (invention) exhibited essentially no erosion.
Conpositions 2D, 2E, and 2F (invention) exhibited approximtely 87%
67% and 82% decreases in erosion, resPectively, as conpared to the
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polycarbonate, polyester, polyacrylate, polyether, polyethylene, polyamide, polyurethane,
polystyrene, polypropylene, coformed products thereof, and mixtures thereof.

[0039] The invention also provides a polishing composition comprising ferric ion, an
inhibitor of tungsten etching, wherein the inhibitor of tungsten etching is a polymer, copolymer,
or polymer blend comprising at least one repeating group comprising at least one nitrogen-
containing heterocyclic ring or a tertiary or quaternary nitrogen atom, wherein the inhibitor of
tungsten etching is present at the point of use in an amount of 1 ppm to 1000 ppm, silica,
malonic acid, and water. The other features of this polishing composition (e.g., the amount of
ferric ion, the amount of silica, the amount of malonic acid, the pH, and other suitable additives)
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are the same as set forth above for the chemical-mechanical polishing composition useful in the
method of the invention.
[0040] The polishing composition can be used to polish any suitable substrate, for example,
by (a) contacting a substrate with the chemical-mechanical polishing composition and a
polishing pad, (b) moving the polishing pad relative to the substrate with the chemical-
mechanical polishing composition therebetween, and (c) abrading at least a part of the substrate
to polish the substrate. The chemical-mechanical polishing composition is especially useful in
the method of the invention described above.
[0041] The following examples further illustrate the invention but, of course, should not be
construed as in any way limiting its scope. '

EXAMPLE 1
[0042] This example compares the static etch rates observed when a polishing composition
useful in the inventive method, a composition comprising imidazole, and a control composition
are exposed to a tungsten-containing substrate.
[0043] Similar planar tungsten wafers were exposed to six different compositions
(Compositions 1A, 1B, 1C, 1D, 1E, and 1F). Each of the compositions comprised 0.5 wt. %
silica, 0.4143 wt.% of a 10 wt.% aqueous solution of ferric nitrate (i.e., 0.0017 M ferric nitrate),
and 320 ppm of malonic acid in water, and had a pH of 2.3. Composition 1A (control) did not
contain any other components. Compositions 1B, 1C, and 1D (comparative) additionally
contained 100 ppm, 500 ppm, and 1000 ppm of imidazole, respectively. In contrast,
Compositions 1E and 1F (invention) contained 100 ppm and 125 ppm of polyvinylimidazole,
respectively.
[0044] The planar tungsten wafers were immersed in each of the compositions at 43.3° C for
5 minutes, and the tungsten static etch rate (in angstroms per minute) was determined for each of
the compositions by measuring the change in wafer thickness and dividing the change in
thickness by 5. The results are summarized in Table 1.

Table 1: Tungsten Etch Rates

Composition | Etch Rate (A/min)
1A (control) 255.8
1B (comparative) 192.2
1C (comparative) 202.4
1D (comparative) 198.9
1E (invention) 161.5
1F (invention) 138.4

[0045] As is apparent from the data set forth in Table 1, Compositibns 1E and 1F containing
100 ppm and 125 ppm of polyvinylimidazole, respectively, showed reductions in the static etch
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rate of 37% and 46% respectively as compared to the control compositions, i.e., Composition
1A. Compositions 1B, 1C, and 1D containing 100 ppm, 500 ppm, and 1000 ppm of imidazole,
respectively, showed reductions in the static etch rate of 25%, 21%, and 22%, respectively, as
compared to the control composition, i.e., Composition 1A. These results demonstrate that
polishing compositions containing inhibitors of tungsten etching in accordance with the
invention exhibit significantly less static etching as compared to compositions containing
imidazole and the control composition.

EXAMPLE 2
[0046]  This example demonstrates the effect on erosion of patterned tungsten-containing
wafers resulting from addition of the inhibitors of tungsten etching to a polishing composition in
accordance with the invention.
[0047] Similar substrates comprising tungsten overlaid onto patterned silicon dioxide coated
with a Ti/TiN barrier layer were used as the test substrates. The width of the trenches within the
pattern was 2 microns, the width of silicon dioxide between trenches was 2 microns, and the
pattern density was 50%. A commercially available polishing tool was used to polish the
substrates with the compositions. The polishing parameters were as follows: polishing sub-
carrier pressure of 21.5 kPa (3.125 psi), back pressure of 21.5 kPa (3.125 psi), table speed of 100
rpm, carrier speed of 55 rpm, ring pressure of 19.0 kPa (2.77 psi), polishing composition
delivery rate of 150 ml/min, and ex-situ pad conditioning using a IC 1000 K-grooved/Suba IV
polishing pad.
[0048] Six different compositions were used to chemically-mechanically polish the
substrates (Compositions 2A, 2B, 2C, 2D, 2E, and 2F). Each of the compositions comprised 0.5
wt. % silica, 0.4143 wt.% of a 10 wt.% aqueous solution of ferric nitrate (i.e., 0.0017 M ferric
nitrate), and 320 ppm of malonic acid in water, and had a pH 0f 2.3. Composition 2A (control)
did not contain any other components. Composition 2B (comparative) additionally contained
100 ppm of imidazole. Composition 2C (invention) additionally contained 100 ppm of poly(1-
vinylimidazole). Composition 2D (invention) additionally contained 70 ppm of
poly(dimethylamine-co-epichlorohydrin). Composition 2E (invention) additionally contained
100 ppm of [bis(2-chloroethyl)ether-alt-1,3-bis[3-(dimethylamino)propylJurea]. Composition
2F (invention) additionally contained 100 ppm of poly(diallyldimethylammonium) chloride.
[0049]  The substrates were polished at endpoint plus 20% overpolish. Erosion was
determined as the difference in height of silicon oxide within the pattern and height of silicon
oxide outside of the pattern, using a plane parallel to the surface of the substrate as a reference.
The results are summarized in Table 2.
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Table 2: Erosion Amounts
Composition Erosion (A)
2A (control) 2774
2B (comparative) 376.8
2C (invention) -8
2D (invention) 34.6
2E (invention) 91.2
2F (invention) 49

[0050] As is apparent from the data set forth in Table 2, Composition 2B (comparative)
exhibited an approximately 36% increase in erosion as compared with the control composition,
i.e., Composition 2A. Composition 2C (invention) exhibited essentially no erosion.
Compositions 2D, 2E, and 2F (invention) exhibited approximately 87%, 67%, and 82%
decreases in erosion, respectively, as compared to the control composition, i.e., Composition 2A.
These results demonstrate that erosion of a tungsten-containing layer can be substantially
reduced through the use of a polishing composition in accordance with the invention.

EXAMPLE 3
[0051] This example demonstrates the effect on erosion of patterned tungsten-containing
wafers resulting from addition of inhibitors of tungsten etching to a polishing composition in
accordance with the invention.
[0052]  Similar substrates comprising tungsten overlaid onto patterned silicon dioxide coated
with a Ti/TiN barrier layer were used as the test substrates. Each of the test substrates
comprised nine regions of different patterns characterized by the width of the trenches, the width
of silicon dioxide between the trenches, and the pattern density. The characteristics of each of
the nine patterns are set forth in Table 3. A commercially available polishing tool was used to
polish the substrates with polishing compositions. The polishing parameters were as follows:
22.2 kPa (3.2 psi) downforce pressure of the substrate against the polishing pad, 100 rpm table
speed, 150 mL/min polishing composition flow rate, and use of a polyurethane chemical-
mechanical polishing pad.
[0053]  Four different compositions were used to chemically-mechanically polish the
substrates (Compositions 3A, 3B, 3C, and 3D). Each of the compositions comprised 0.5 wt.%
silica, 0.4143 wt.% of a 10 wt.% aqueous solution of ferric nitrate (i.e., 0.0017 M ferric nitrate),
320 ppm of malonic acid in water, and 4 wt.% hydrogen peroxide, and had a pH of 2.3.
Composition 3A (control) did not contain any other components. Composition 3B (invention)
additionally contained 300 ppm of poly[2-(methacryloyloxy)ethyl]tﬁrﬁethylammonium chloride
having a molecular weight of 50,000. Composition 3C (invention) additionally contained 200
ppm of poly[2-(methacryloyloxy)ethyl]trimethylammonium chloride having a molecular weight
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[0055] As is apparent from the data set forth in Table 3, polishing compositions 3B, 3C, and
3D, which contain inhibitors of tungsten etching in accordance with the invention, exhibit
significantly less erosion in the polishing of all substrate patterns examined than the control
polishing composition. For example, with respect to a substrate pattern comprising 1 micron
trenches separated by 1 micron regions of silicon dioxide and having a pattern density of 50%,
Compositions 3B, 3C, and 3D (invention) exhibited approximately 71%, 76%, and 23%
decreases in erosion, respectively, as compared to the control composition, i.e., Composition 3A
(control). These results demonstrate that erosion of a tungsten-containing layer can be
substantially reduced through the use of a polishing composition in accordance with the
invention.
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(c) silica,

(d) malonic acid,

(e) water, and

® 0.1 wt. % to 10 wt. % of hydrogen peroxide,

wherein the polishing composition has a pH of 1 to 4.

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

polishing composition further comprises an amino acid.

3. The chemical-mechanical polishing composition of claim 2, wherein the

amino acid is glycine.

4, The chemical-mechanical polishing composition of claim 1, wherein ferric

ion is present in a concentration of 0.0002 M to 0.04 M.

5. The chemical-mechanical polishing composition of claim 1, wherein the
polishing composition comprises:

(a) 0.0002 M to 0.04 M of ferric ion,

(b) 1 ppm to 400 ppm of poly[2-(methacryloyloxy)ethylJtrimethylammonium

chloride,

(©) silica,

(d) malonic acid, wherein malonic acid is present in an amount of 1 to 5 molar
equivalents based on the amount of ferric ion,

(e) water, and

® 0.1 wt. % to 10 wt. % of hydrogen peroxide.
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amount  ofpolistnyompPsttdnIutter cOmprises an amino acid.

9. The chemical-mechanical polishing composition of claim 8, wherein the

amino acid is glycine.

10.  The chemical-mechanical polishing composition of claim 1, wherein the
polishing composition comprises 1 ppm to 400 ppm poly[2-

(methacryloyloxy)ethyl]trimethylammonium chloride.

11.  The chemical-mechanical polishing composition of claim 1, wherein
malonic acid is present in an amount of 1 to 5 molar equivalents based on the amount of

ferric ion.

12.  The chemical-mechanical polishing composition of claim 11, wherein
poly[2-(methacryloyloxy)ethyl Jtrimethylammonium chloride or poly[2-
(methacryloyloxy)ethyl]trimethylammonium bromide is present in an amount of 50 ppm

to 400 ppm.

13. The chemical-mechanical polishing composition of claim 12, wherein

silica is present in an amount of 0.2 wt. % to 3 wt. %.



