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silicon nitride is characterized by containing colloidal silica
in which an organic acid, such as a sulfonic acid or a carboxy-
lic acid, is immobilized, and having a pH of 6 or less.



US 2013/0146804 Al

POLISHING COMPOSITION AND
POLISHING METHOD USING SAME

TECHNICAL FIELD

[0001] The present invention relates to a polishing compo-
sition used, for example, in the manufacturing process of a
semiconductor device and to a polishing method using the
same.

BACKGROUND ART

[0002] In the manufacturing process of a semiconductor
device, there exists a need to polish silicon nitride, which is
chemically unreactive, at a high rate of speed. Most of pol-
ishing compositions that have been conventionally used to
polish silicon nitride contain abrasive grains and an acid. For
example, Patent Document 1 discloses a polishing composi-
tion that contains phosphoric acid or a phosphoric acid
derivative. Patent Document 2 discloses a polishing compo-
sition that contains colloidal silica and an organic acid having
a sulfonate group or a phosphonate group and has a pH of 2.5
to 5. These conventional polishing compositions, however, do
not adequately satisfy users’ needs for the rate of polishing
silicon nitride.

PRIOR ART DOCUMENTS

[0003] Patent Document 1: Japanese Laid-Open Patent
Publication No. 6-124932

[0004] Patent Document 2: Japanese Laid-Open Patent
Publication No. 2010-41037

SUMMARY OF THE INVENTION

Problems that the Invention is to Solve

[0005] Accordingly, it is an objective of the present inven-
tion to provide a polishing composition that can polish silicon
nitride at a higher rate of speed, and a polishing method using
the same.

Means for Solving the Problems

[0006] To achieve the foregoing objective and in accor-
dance with one aspect of the present invention, a polishing
composition used in an application to polish silicon nitride is
provided. The polishing composition contains colloidal silica
in which an organic acid is immobilized and has a pH of 6 or
less.

[0007] Another aspect of the present invention provides a
polishing method for polishing silicon nitride using the pol-
ishing composition according to the above described aspect.

Effects of the Invention

[0008] According to the present invention, there is provided
a polishing composition that can polish silicon nitride at a
high rate of speed, and a polishing method using the same.

MODES FOR CARRYING OUT THE INVENTION

[0009] One embodiment of the present invention will now
be described.
[0010] A polishing composition according to the present

embodiment is prepared by mixing with water colloidal silica
in which an organic acid is immobilized. Therefore, the pol-
ishing composition contains colloidal silica in which an
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organic acid is immobilized. The polishing composition is
mainly used in an application to polish silicon nitride, more
specifically an application to polish an object-to-be-polished,
such as a semiconductor wiring substrate, the surface of
which includes silicon nitride.

[0011] The immobilization of an organic acid on the sur-
face of colloidal silica in the polishing composition is carried
out by chemically bonding a functional group of the organic
acid to the surface of colloidal silica. The immobilization of
an organic acid on colloidal silica cannot be achieved by only
allowing colloidal silica and an organic acid to merely coex-
ist. The immobilization of a sulfonic acid, a kind of organic
acid, on colloidal silica can be carried out, for example, by a
method described in “Sulfonic acid-functionalized silica
through quantitative oxidation of thiol groups”, Chem. Com-
mun. 246-247 (2003). Specifically, colloidal silica in which a
sulfonic acid is immobilized on its surface can be obtained by
coupling a silane coupling agent having a thiol group, such as
3-mercaptopropyl trimethoxysilane, to colloidal silica, fol-
lowed by oxidizing the thiol group with hydrogen peroxide.
The immobilization of a carboxylic acid on colloidal silica
can be carried out, for example, by a method described in
“Novel Silane Coupling Agents Containing a Photolabile
2-Nitrobenzyl Ester for Introduction of a Carboxy Group on
the Surface of Silica Gel”, Chemistry Letters, 3, 228-229
(2000). Specifically, colloidal silica in which a carboxylic
acid is immobilized on its surface can be obtained by coupling
a silane coupling agent including photoreactive 2-nitrobenzyl
ester to colloidal silica, followed by photoirradiation.

[0012] The average primary particle size of colloidal silica
in the polishing composition is preferably 5 nm or more, more
preferably 7 nm or more, and further preferably 10 nm or
more. As the average primary particle size of colloidal silica
increases, there is the advantage of improving the rate of
polishing silicon nitride with the polishing composition.

[0013] The average primary particle size of colloidal silica
in the polishing composition is also preferably 100 nm or less,
more preferably 90 nm or less, and further preferably 80 nm
or less. As the average primary particle size of colloidal silica
decreases, there is the advantage of being able to suppress the
occurrence of scratches on the surface of an object-to-be-
polished after polishing using the polishing composition. The
value of the average primary particle size of colloidal silica is
calculated based on, for example, the specific surface area of
colloidal silica measured by the BET method.

[0014] The average secondary particle size of colloidal
silica in the polishing composition is preferably 10 nm or
more, more preferably 20 nm or more, and further preferably
30 nm or more. As the average secondary particle size of
colloidal silica increases, there is the advantage of improving
the rate of polishing silicon nitride with the polishing com-
position.

[0015] The average secondary particle size of colloidal
silica in the polishing composition is also preferably 150 nm
orless, more preferably 120 nm or less, and further preferably
100 nm or less. As the average secondary particle size of
colloidal silica decreases, there is the advantage of being able
to suppress the occurrence of scratches on the surface of an
object-to-be-polished after polishing using the polishing
composition. The value of the average secondary particle size
of colloidal silica can be measured by, for example, a light
scattering method using laser light.
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[0016] The shape of colloidal silica in the polishing com-
position is preferably non-spherical. Non-spherical colloidal
silica may be one in which two or more primary particles are
associated.

[0017] The average degree of association of colloidal silica
in the polishing composition is preferably 1.2 or more and
more preferably 1.5 or more. As the average degree of asso-
ciation of colloidal silica increases, there is the advantage of
improving the rate of polishing silicon nitride with the pol-
ishing composition.

[0018] The average degree of association of colloidal silica
in the polishing composition is also preferably 4.0 or less,
more preferably 3.0 or less, and further preferably 2.5 or less.
As the average degree of association of colloidal silica
decreases, there is the advantage of being able to suppress the
occurrence of defects and the increase in surface roughness
on the surface of an object-to-be-polished after polishing
using the polishing composition.

[0019] The content of colloidal silica in the polishing com-
position is preferably 0.05% by mass or more, more prefer-
ably 0.1% by mass or more, and further preferably 1% by
mass or more. As the content of colloidal silica increases,
there is the advantage of improving the rate of polishing
silicon nitride with the polishing composition.

[0020] The content of colloidal silica in the polishing com-
position is also preferably 20% by mass or less, more prefer-
ably 15% by mass or less, and further preferably 10% by mass
or less. As the content of colloidal silica decreases, there are
the advantages of being able to reduce the material cost of the
polishing composition, and also of being able to suppress the
occurrence of aggregation of colloidal silica.

[0021] The pH value of the polishing composition is
required to be 6 or less. When the pH is above 6, it is difficult
to polish silicon nitride at a high rate of speed using a polish-
ing composition. In terms of a further improvement in the rate
of polishing silicon nitride with the polishing composition,
the pH value of the polishing composition is preferably 5 or
less, more preferably 4.5 or less, and further preferably 4 or
less.

[0022] The pH value of the polishing composition is also
preferably 1 or more, more preferably 1.5 or more, further
preferably 2 or more, and particularly preferably 2.5 or more.
As the pH of the polishing composition increases, there is the
advantage of being able to increase the ratio of the rate of
polishing silicon nitride with the polishing composition to the
rate of polishing polycrystalline silicon with the polishing
composition, that is, there is the advantage of being able to
polish more preferentially silicon nitride relative to polycrys-
talline silicon.

[0023] A pH adjuster may be used to adjust the pH of the
polishing composition to the desired value thereof. The pH
adjuster used may be either an inorganic acid or an organic
acid, or a chelating agent.

[0024] Specific examples of inorganic acids that can be
used as a pH adjuster include hydrochloric acid, sulfuric acid,
nitric acid, hydrofiuoric acid, boric acid, carbonic acid, hypo-
phosphorous acid, phosphorous acid, and phosphoric acid.
Among these, preferred are hydrochloric acid, sulfuric acid,
nitric acid, and phosphoric acid.

[0025] Specific examples of organic acids that can be used
as a pH adjuster include formic acid, acetic acid, propionic
acid, butyric acid, valeric acid, 2-methylbutyric acid, n-hex-
anoic acid, 3,3-dimethylbutyric acid, 2-ethylbutyric acid,
4-methylpentanoic acid, n-heptanoic acid, 2-methylhexanoic
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acid, n-octanoic acid, 2-ethylhexanoic acid, benzoic acid,
glycollic acid, salicylic acid, glyceric acid, oxalic acid, mal-
onic acid, succinic acid, glutaric acid, adipic acid, pimelic
acid, maleic acid, phthalic acid, malic acid, tartaric acid, citric
acid, lactic acid, diglycolic acid, 2-furancarboxylic acid, 2,5-
furandicarboxylic acid, 3-furancarboxylic acid, 2-tetrahydro-
furancarboxylic acid, methoxyacetic acid, methoxypheny-
lacetic acid, and phenoxyacetic acid. Organic sulfuric acids,
such as methanesulfonic acid, ethanesulfonic acid, and
isethionic acid, may be also used. Among these, preferred are
dicarboxylic acids, such as malonic acid, succinic acid, glu-
taric acid, adipic acid, pimelic acid, maleic acid, phthalic
acid, malic acid, and tartaric acid, and tricarboxylic acids,
such as citric acid.

[0026] Salts, such as an ammonium salt and alkali metal
salt of an inorganic acid or organic acid, may be used as a pH
adjuster in place of an inorganic acid or organic acid, or in
combination with an inorganic acid or organic acid. When
combining a weak acid and a strong base, a strong acid and a
weak base, or a weak acid and a weak base, a pH buffering
action can be expected.

[0027] Specific examples of chelating agents that can be
used as a pH adjuster include hydroxyethyl iminodiacetic
acid, iminodiacetic acid, acetamide iminodiacetic acid,
nitrilotripropanoic acid, nitrilotrimethylphosphonic acid,
nitrilotriacetic acid, diethylenetriamine pentaacetic acid, and
ethylenediamine tetraacetic acid.

[0028] The polishing composition can polish silicon nitride
at a high rate of speed, whereas is not required to polish
polycrystalline silicon at a high rate of speed. Such ability can
be required when the polishing composition is used in an
application to polish an object-to-be-polished the surface of
which includes not only silicon nitride but also polycrystal-
line silicon. In this case, the ratio of the rate of polishing
silicon nitrideto the rate of polishing polycrystalline silicon is
preferably 2 or more, more preferably 4 or more, further
preferably 6 or more, and particularly preferably 8 or more.

[0029] According to the present embodiment, the follow-
ing advantages are obtained.

[0030] A polishing composition of the present embodiment
contains colloidal silica in which an organic acid, such as a
sulfonic acid or a carboxylic acid, is immobilized, and has a
pH of 6 or less. The zeta-potential of colloidal silica in which
an organic acid is immobilized is negative under a pH of 6 or
less. On the other hand, the zeta-potential of silicon nitride is
positive under the same condition as above, that is, a pH of 6
or less. Thus, when the pH of the polishing composition is 6
or less, colloidal silica in the polishing composition is not
electrically repelled from silicon nitride. Therefore, silicon
nitride can be polished at a high rate of speed with the pol-
ishing composition.

[0031] When the average primary particle size of colloidal
silica in the polishing composition is 5 nm or more, and
specifically 7 nm or more or 10 nm or more, the rate of
polishing silicon nitride with the polishing composition is
further improved.

[0032] When the average primary particle size of colloidal
silica in the polishing composition is 100 nm or less, and
specifically 90 nm or less or 80 nm or less, the occurrence of
scratches on the surface of an object-to-be-polished after
polishing using the polishing composition is favorably sup-
pressed.

[0033] When the average secondary particle size of colloi-
dal silica in the polishing composition is 10 nm or more, and
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specifically 20 nm or more or 30 nm or more, the rate of
polishing silicon nitride with the polishing composition is
further improved.

[0034] When the average secondary particle size of colloi-
dal silica in the polishing composition is 150 nm or less, and
specifically 120 nm or less or 100 nm or less, the occurrence
of scratches on the surface of an object-to-be polished after
polishing using the polishing composition is favorably sup-
pressed.

[0035] When the average degree of association of colloidal
silica in the polishing composition is 1.2 or more, and spe-
cifically 1.5 or more, the rate of polishing silicon nitride with
the polishing composition is further improved.

[0036] When the shape of colloidal silica in the polishing
composition is non-spherical, the rate of polishing silicon
nitride with the polishing composition is further improved.
[0037] When the average degree of association of colloidal
silica in the polishing composition is 4.0 or less, and specifi-
cally 3.0 or less or 2.5 or less, the occurrence of defects and
the increase in surface roughness on the surface of an object-
to-be-polished after polishing using the polishing composi-
tion is favorably suppressed.

[0038] When the content of colloidal silica in the polishing
composition is 0.05% by mass or more, and specifically 0.1%
by mass or more or 1% by mass or more, the rate of polishing
silicon nitride with the polishing composition is further
improved.

[0039] When the content of colloidal silica in the polishing
composition is 20% by mass or less, and specifically 15% by
mass or less or 10% by mass or less, the material cost of the
polishing composition is reduced, and the occurrence of
aggregation of colloidal silica is also suppressed.

[0040] When the pH value of the polishing composition is
5 or less, and specifically 4.5 or less or 4 or less, the rate of
polishing silicon nitride with the polishing composition is
further improved.

[0041] When the pH value of the polishing composition is
1 or more, and specifically 1.5 or more, 2 or more, or 2.5 or
more, the ratio of the rate of polishing silicon nitride with the
polishing composition to the rate of polishing polycrystalline
silicon with the polishing composition is increased.

[0042] When the ratio of the rate of polishing silicon nitride
with the polishing composition to the rate of polishing poly-
crystalline silicon with the polishing composition is 2 or
more, and specifically 4 or more, 6 or more, or 8 or more, in
the case where the polishing composition is used in an appli-
cation to polish an object-to-be-polished the surface of which
includes silicon nitride and polycrystalline silicon, silicon
nitride is more preferentially polished relative to polycrystal-
line silicon.

[0043] The above embodiment may be modified as follows.
[0044] A polishing composition of the above embodiment
may contain, in addition to colloidal silica in which an organic
acid is immobilized, any other abrasive grains.

[0045] A polishing composition of the above embodiment
may further contain a water-soluble polymer. The water-
soluble polymer can control the rate of polishing an object-
to-be-polished with the polishing composition by adhering to
the surface of colloidal silica or the surface of the object-to-
be-polished, and also has a function to stabilize insoluble
components to be produced during polishing in the polishing
composition. Examples of water-soluble polymers that can be
used include a compound having a polyoxyalkylene chain,
more specifically, polyethylene glycol, polypropylene glycol,
polyoxyethylene alkyl ether, polyoxyethylene lauryl ether
sulfate, polyoxyethylene lauryl ether acetate, polyoxyethyl-
ene alkyl phosphate, and a silicone oil having a polyoxyalky-
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lene chain. Among these, preferred are polyethylene glycol
and polypropylene glycol.

[0046] When a polishing composition of the above embodi-
ment contains a water-soluble polymer, the content of water-
soluble polymer in the polishing composition is preferably
0.001 g/LL or more, more preferably 0.005 g/L. or more, and
further preferably 0.01 g/LL or more. As the content of water-
soluble polymer increases, there is the advantage of being
able to increase the ratio of the rate of polishing silicon nitride
with the polishing composition to the rate of polishing poly-
crystalline silicon with the polishing composition, that is,
there is the advantage of being able to polish more preferen-
tially silicon nitride relative to polycrystalline silicon.
[0047] When a polishing composition of the above embodi-
ment contains a water-soluble polymer, the content of water-
soluble polymer in the polishing composition is preferably 10
g/L or less, more preferably 5 g/L. or less, and further prefer-
ably 1 g/LL or less. As the content of water-soluble polymer
decreases, there is the advantage of improving the rate of
polishing polycrystalline silicon with the polishing composi-
tion.

[0048] A polishing composition of the above embodiment
may further contain an oxidizing agent, such as hydrogen
peroxide.

[0049] A polishing composition of the above embodiment
may further contain a known additive, such as a preservative
and a fungicide, as required. Specific examples of preserva-
tives and fungicides include: isothiazoline antiseptics, such as
2-methyl-4-isothiazolin-3-one and 5-chloro-2-methyl-4-
isothiazolin-3-one; para-oxybenzoates; and phonoxyethanol.
[0050] A polishing composition of the above embodiment
may be either a one-component type or a multi-component
type including a two-component type.

[0051] A polishing composition of the above embodiment
may be prepared by diluting an undiluted solution of the
polishing composition, for example, 10-fold or more, with a
diluent, such as water.

[0052] A polishing composition of the above embodiment
may be used in applications other than polishing silicon
nitride.

[0053] Next, examples and comparative examples of the
present invention will be described.

[0054] InExamples 1 to 14 and Comparative Examples 1 to
4, colloidal silica was mixed into water, and a pH adjuster was
properly added thereto to prepare a polishing composition. In
Comparative Example 5, water adjusted to a pH of 2 using a
pH adjuster was prepared as a polishing composition. The
details of colloidal silica and a pH adjuster used in each
polishing composition, and the results of pH measurement in
each polishing composition are shown in Table 1.

[0055] In the column entitled “colloidal silica” in Table 1,
“A” represents colloidal silica in which a sulfonic acid is
immobilized, and “B” represents colloidal silica in which an
organic acid is not immobilized. The average degree of asso-
ciation of colloidal silica used in each example was 2.
[0056] The polishing rate when the surface of a silicon
nitride film blanket wafer and the surface of a polysilicon film
blanket wafer with a diameter of 200 mm were polished for 60
seconds using each polishing composition under the polish-
ing conditions described in Table 2 is shown in the column
entitled “polishing speed” in Table 1. The value of the pol-
ishing rate was obtained by dividing by polishing time the
difference in the thickness of each wafer before and after
polishing, measured using a spectrometric film thickness
measurement system of DAINIPPON SCREEN MFG. CO.,
LTD., “Lambda Ace VM-2030". In addition, a value obtained
by dividing the rate of polishing silicon nitride with each
polishing composition by the rate of polishing polycrystalline
silicon with the same polishing composition, thus obtained, is
shown in the column entitled “rate of polishing silicon nitride/
rate of polishing polycrystalline silicon” in Table 1.
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TABLE 1
Rate of
polishing
Abrasive grains silicon
Average  Average nitride/
primary secondary Polishing rate rate of
particle  particle Silicon  Polycrystalline polishing
Content size size pH nitride silicon polycrystalline
Type [mass %] [nm] [nm]  adjuster pH [nm/min.] [m/min.] silicon
Example 1 A 5 12.3 31.8  nitric acid 1 80 15 5.3
Example 2 A 5 12.3 31.8  nitric acid 2 76 13 5.8
Example 3 A 5 12.3 31.8  citric acid 2 74 11 6.6
Example 4 A 5 12.3 31.8  maleic acid 2 74 11 6.6
Example 5 A 5 12.3 31.8  maleic acid 3 58 6 9.0
Example 6 A 5 12.3 31.8  acetic acid 3 50 25 2.0
Example 7 A 5 12.3 31.8  citric acid 4 57 8 7.6
Example 8 A 5 12.3 31.8  maleic acid 4 56 7 8.0
Example 9 A 5 12.3 31.8  oxalic acid 5 42 15 2.9
Example 10 A 5 12.3 31.8  maleic acid 5 44 13 34
Example 11 A 5 12.3 31.8  oxalic acid 6 33 10 33
Example 12 A 5 12.3 31.8  maleic acid 6 32 9 3.6
Example 13 A 5 353 67 nitric acid 2 69 10 6.8
Example 14 A 5 16.5 23 acetic acid 3 51 30 1.7
Comparative B 5 12.3 31.8  maleic acid 3 24 11 2.1
Example 1
Comparative B 5 12.3 31.8  phosphoricacid 3 18 7 2.6
Example 2
Comparative B 5 12.3 31.8  sulfonic acid 3 25 12 2.1
Example 3
Comparative A 5 12.3 31.8 — 7 20 7 2.9
Example 4
Comparative — — — — nitric acid 2 0 0 —
Example 5
TABLE 2 1. A polishing composition used in an application to polish

Polishing machine: Polisher for single-side CMP (Mirra
manufactured by Applied

Materials, Inc.)

IC-1010 M Groove manufactured by
Rohm and Haas Company

4 psi (=approximately 28 kPa)

Polishing pad:

Polishing pressure:

Rotation rate of surface plate: 81 rpm
Rotation rate of head: 75 rpm
Feed rate of polishing composition: 200 mL/min
Revolution rate of carrier: 90 rpm

[0057] As shown in Table 1, in all cases when using the
polishing composition of each of Examples 1 to 14, silicon
nitride could be polished at a polishing rate of above 30
nm/min. On the contrary, in the cases of the polishing com-
positions of each of Comparative Examples 1 to 3, not con-
taining colloidal silica in which an organic acid was immo-
bilized, and in the case of the polishing composition of
Comparative Example 4, containing colloidal silica in which
a sulfonic acid was immobilized but having a pH of above 6,
the obtained values about the rate of polishing silicon nitride
were low. In addition, in the case of the polishing composition
of Comparative Example 5, not containing colloidal silica,
silicon nitride could not be polished at all.

siliconnitride, comprising colloidal silica in which an organic
acid is immobilized, wherein the polishing composition has a
pH of 6 or less.

2. The polishing composition according to claim 1,
wherein the polishing composition has a ratio of the rate of
polishing silicon nitride to the rate of polishing polycrystal-
line silicon of 2 or more.

3. The polishing composition according to claim 1,
wherein the colloidal silica in which an organic acid is immo-
bilized is colloidal silica in which a sulfonic acid is immobi-
lized, and the colloidal silica in which a sulfonic acid is
immobilized is obtained by coupling a silane coupling agent
having a thiol group to colloidal silica, followed by oxidizing
the thiol group.

4. The polishing composition according to claim 1,
wherein the colloidal silica in which an organic acid is immo-
bilized is colloidal silica in which a carboxylic acid is immo-
bilized, and the colloidal silica in which a carboxylic acid is
immobilized is obtained by coupling a silane coupling agent
including photoreactive 2-nitrobenzyl ester to colloidal silica,
followed by photoirradiation.

5. A polishing method for polishing silicon nitride using
the polishing composition according to claim 1.
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