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Chemical-mechanical polishing composition comprising benzotriazole
derivatives as corrosion inhibitors

Field of the invention

The present invention relates to a chemical-mechanical polishing composition
comprising one or more specific benzotriazole (BTA) derivatives, as well as to the
use of said specific benzotriazole derivatives as corrosion inhibitor and/or as
additive for increasing the selectivity of a chemical mechanical polishing (CMP)
composition. The present invention also relates to corresponding processes for
the manufacture of a semiconductor device comprising chemical mechanical
polishing of a substrate in the presence of a CMP composition.

Description of the Prior Art

In the semiconductor industry, chemical mechanical polishing is a well-known
technology applied in fabricating advanced photonic, microelectromechanical,
and microelectronic materials and devices, such as semiconductor wafers.

During the fabrication of materials and devices used in the semiconductor indus-
try, chemical-mechanical polishing (CMP) is employed to planarize metal and/or
oxide surfaces. CMP utilizes the interplay of chemical and mechanical action to
increase the planarity of the to-be-polished surfaces. Chemical as well as me-
chanical action is provided by a chemical-mechanical polishing composition, also
referred to as a CMP composition or a CMP slurry. Polishing action is usually
carried out by a polishing pad which is typically pressed onto the to-be-polished
surface and mounted on a moving platen. The movement of the platen is usually
linear, rotational or orbital. In a typical CMP process step, a rotating wafer holder
brings the to-be-polished wafer in contact with a polishing pad. The CMP compo-
sition is usually applied between the to-be-polished wafer and the polishing pad.

In many cases it is desired that chemical-mechanical polishing, as described
above, is conducted with a high selectivity with respect to a particular layer or
material being removed by the polishing/planarization process. When CMP is
performed with high selectivity, the removal rate of the selected material or layer
is significantly higher than that of other material(s) or layer(s) exposed at the
surface of the work piece being polished.

Copper (Cu) and Cu-base alloys (the symbol Cu as used in the present disclo-
sure refers to high purity elemental copper and the expression “ Cu-base alloy”
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refers to an alloy containing at least 80 wt.-% copper) are often used as metal
interconnect materials. However, when Cu or Cu-base alloys are used for metal-
lization it is generally necessary to provide a diffusion barrier between the Cu or
Cu-base alloy metallization feature and the adjacent thin layers of dielectric insu-
lation material (interlayer dielectric (ILD) or intermetal dielectric (IMD). Currently,
tantalum (Ta)-containing layers, e.g. elemental Ta and tantalum nitride (TaN), are
most commonly employed for these barrier purposes.

In the production chain of a semiconductor device, barrier chemical-mechanical
polishing (Barrier CMP) is employed in order to remove barrier layers (TaN, TiN,
Ta, Ti, etc.). This process step is ideally conducted so that the barrier materials
are removed without damaging the wafer surface, the conducting wire (Cu or Cu
base alloy, see above) or the dielectric insulation material, see above.

During CMP steps, and in particular during Barrier CMP, depending on the wafer
stack, attempts have been made to polish different layers at desired rate and
selectivity to get the desired defect free surface. See e.g. US2009/0311864A1
and US2005/0076578A1.

CMP compositions are known which comprise a corrosion inhibitor in order to
control the corrosion of the surface of metal. Typically, such a corrosion inhibitor
adheres to the surface to be polished to form a protective film. Benzotriazole
(BTA) and certain BTA derivatives are known as corrosion inhibitors, see
US 2009/0311864 A1 as well as “ Chemical Mechanical Planarization of Microe-
lectronic Materials (Joseph M. Steigerwald, Shyam P. Murarka, Ronald J. Gut-
mann), Wiley-VCH, 2008.

The following documents disclose specific benzotriazole derivatives:
US 2008/0105652 A1, US 2008/0067077 A1, US 2007/0128872 A1, US
2007/0082456 A1, US 2005/0090104 A1, US 6821309 B2, US 6565619 B1.

Objects of the Embodiments Disclosed

One of the objects of the embodiments disclosed herein is to provide a chemical-
mechanical polishing (CMP) composition suitable for use in a process for the
chemical-mechanical polishing (CMP) of substrates used in the semiconductor
industry, particularly for the chemical-mechanical polishing of substrates compris-
ing

(1) copper or a copper alloy, and/or

(2) tantalum, tantalum nitride, titanium, titanium nitride, ruthenium, cobalt, or
alloys thereof.
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More patrticularly, the chemical-mechanical polishing (CMP) composition to be
provided should have an effect on the ratio of the removal rate of a first metal or
alloy to the removal rate of a second metal or alloy, and even more particularly, if
copper and tantalum are present in the substrate, on the ratio of the removal rate
of tantalum (or tantalum alloy) to the removal rate of copper (or copper alloy)
during CMP processing. According to a related embodiment, it was an object of
the embodiments disclosed herein to provide a CMP composition appropriate for
the chemical-mechanical polishing of substrates used in the semiconductor in-
dustry which provides a high removal rate of tantalum (preferably in combination
with a high selectivity for removal of tantalum in relation to copper) during CMP
processing of substrates comprising copper and tantalum. The CMP composition
to be provided should preferably have a low material removal rate (MRR) of the
material not to be removed in the CMP process, for example copper and/or low k
material in contrast to tantalum.

Furthermore, the CMP composition should be a stable formulation or dispersion
where no phase separation should occur.

As far as barrier layers and low-k or ultra-low-k materials are present in the semi-
conductor substrate used, the CMP composition of the disclosure should prefera-
bly remove the barrier layers and maintain the integrity of the low-k and ultra-low-
k materials, i.e. it should have a particularly high selectivity for barrier layer over
low-k or ultra-low-k materials with regard to the MRRs. Particularly, as far as
copper layers, barrier layers and low-k or ultra-low-k materials are present in the
substrate to be polished, the CMP composition of the disclosure should show the
combination of as many as possible of the following properties: (a) high MRR of
barrier layer, (b) low MRR of copper layer, (c) low MRR of low-k or ultra-low-k
materials, (d) high selectivity for barrier layer over copper layer with regard to
MRR, (e) high selectivity for barrier layer over low-k and ultra-low-k materials with
regard to MRR. Most particularly, as far as copper layers, tantalum or tantalum
nitride layers and low-k or ultra-low-k materials are present in the substrate to be
polished, the CMP composition of the disclosure should show the combination of
as many as possible of the following properties: (a’ ) high MRR of tantalum or
tantalum nitride, (b’ ) low MRR of copper layer, (¢’ ) low MRR of low-k or ultra-
low-k materials, (d" ) high selectivity for tantalum or tantalum nitride over copper
with regard to MRR, and (e’ ) high selectivity for tantalum or tantalum nitride
over low-k or ultra-low-k materials with regard to MRR.

Furthermore, the CMP composition of the disclosure should show a long shelf
life, while high MRR of barrier layer is maintained.
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A related object of the embodiments disclosed herein is to provide a process for
the manufacture of a semiconductor device comprising chemical mechanical
polishing of a substrate, particularly of a substrate comprising a tantalum layer
and/or a copper layer.

A further object of the embodiments disclosed herein is to provide corrosion
inhibitors, especially for increasing the selectivity of a chemical mechanical pol-
ishing (CMP) composition for the removal of tantalum from a substrate for the
manufacture of a semiconductor device in the presence of copper on said sub-
strate.

Summary

There is provided a chemical-mechanical polishing (CMP) composition is provid-
ed comprising

(A) one or more compounds of formula (1)

R .- N

RZ NN N

M

wherein the pairs of dashed lines in formula (1) either each represent a
double bond or each represent a single bond

wherein

(i)  when each pair of dashed lines in formula (1) represents a double
bond

one of R'" and R? is hydrogen and the other of R' and R? is selected
from the group consisting of chlorine, bromine, alkyl with three to six
carbon atoms, benzoyl and - COORS? wherein R? is selected from the
group consisting of alkyls with three to six carbon atoms or R3 is a
substituent comprising a structural unit selected from the group con-
sisting of — (CHz-CH»-O)p-H and -(CH2.CH,-0),.CHs, wherein n in
each case is an integer in the range of from 1 to 15

or

R" and R2 are both independently selected from the group consisting
of bromine and chlorine

and
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(i)  when each pair of dashed lines in formula (1) represents a single
bond

R' and R2 are hydrogen

or one of R" and R? is hydrogen and the other of R! and R? is select-
ed from the group consisting of chlorine, bromine, alkyl with three to
six carbon atoms, benzoyl and — COOR? wherein R? is selected from
the group consisting of alkyls with three to six carbon atoms or R? is a
substituent comprising a structural unit selected from the group con-
sisting of — {CH2-CH»-O),-H and -(CHzCH2-Q),.CH; wherein n in
each case is an integer in the range of from 1 to 15

or

R' and R? are both independently selected from the group consisting
of bromine and chlorine

(B) inorganic particles, organic particles, or a composite or mixture thereof,

wherein the total amount of cations selected from the group consisting of magne-
sium and calcium is less than 1 ppm based on the total weight of the respective
CMP composition.

In an aspect, there is provided a chemical-mechanical polishing (CMP) composi-
tion comprising

(A) one or more compounds selected from the group consisting of

5-bromo-1H-benzotriazole,

5-tert-butyl-1H-benzotriazole,

5-(benzoyl)-1H-benzotriazole,

5,6-dibromo-1H-benzotriazole,

5-chloro-1H-benzotriazole,

5-sec-butyl-1H-benzotriazole,

4,5,6,7-tetrahydro-1H-benzotriazole,
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(B) inorganic particles, organic particles, or a composite or mixture thereof, and
() one or more buffers

wherein the one or at least one of the more than one buffers of constituent (1) is
selected from the group consisting of potassium carbonate or potassium hydro-
gen carbonate, and

wherein the total amount of cations selected from the group consisting of magnesium
and calcium is less than 1 ppm based on the total weight of the respective CMP com-
position, and

wherein the total amount of one or more compounds of constituent (A) is in a range of
0.0001 wt% to 1 wt% based on the total weight of the respective CMP composition,
and the particles (B) are cocoon shaped.

When each pair of dashed lines in formula (1) represents a double bond, the six membered
ring in formula (1) is in the aromatic state.
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When R' is alkyl it is preferred that said alkyl is selected from the group consist-
ing of tert-butyl and sec-butyl.

When none of R and R? is hydrogen it is preferred that both R' and R2 are bro-
mine.

When R' or R? is — COOR? wherein R3 is a substituent comprising a structural
unit selected from the group consisting of - (CHz-CHz-O)-H and
-(CH2.CH,-O),.CHs, wherein n in each case is an integer in the range of from 1 to
15 R3 preferably is an ethoxylate residue or a methyl-terminated ethoxylate resi-
due. An ethoxylate residue is a substituent of the structure — (CH>-CH»-0).-H. A
methyl-terminated ethoxylate residue is a substituent of the structure — (CH.-
CH2-0)s-CHs. In each case n is an integer selected in the range of from 1 to 15.

It is known that benzotriazole irrespective of the presence of substituents on the
benzene ring is subject to tautomerism, i.e., chemical equilibrium between mo-
lecular forms differing with regard to the position of the hydrogen atom on the
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triazole ring (14, 2H and 3H). In the solid state and in solution, the 1H-tautomer

of benzotriazole is the predominant species [Advances in Heterocyclic Chemistry,
Volume 76, 2000, 157- 323], while the concentration of the 2H-tautomeric form
is negligible [J. Phys. Chem. A, Vol. 111, No. 28, 2007]. However, especially in
aqueous solution, the 7/ and 3H tautomers are in rapid equilibrium [Tetrahedron.
Vol. 25, 1667-4670, 1969; J. Phys. Chem. A, Vol. 111, No. 28, 2007]. These
findings also hold true for substituted benzotriazoles where an equilibrium mixture
of 7H and 3Htautomers is present as well [Magn. Reson. Chem. 2009, 47, 142—
148]. Therefore, in the context of the present application, for each compound of
formula (1) mentioned hereinbelow, all of the respective tautomeric forms (7H,
2H, 3H) are included.

Preferably the one or at least one of the more than one compounds of formula (1)
of constituent (A) of the CMP composition of the present disclosure is selected
from the group consisting of

5-bromo-1H-benzotriazole,
5-tert-butyl-1H-benzotriazole,
5-(benzoyl)-1H-benzotriazole,
5,6-dibromo-1H-benzotriazole,
5-chloro-1H-benzotriazole,
5-sec-butyl-1H-benzotriazole,

4,5,6,7-tetrahydro-1H-benzotriazole.

For certain applications the use of 5-chloro-1H-benzotriazole in a CMP composi-
tion of the present disclosure is slightly less preferred than the use of the other
compounds of this group.

Typically, due to tautomerism the benzotriazole derivatives which are substituted
in the 5-position are present in chemical equilibrium with the corresponding ben-
zotriazole derivative substituted in the 6-position.

According to a further aspect of the disclosure, a process is provided for the
manufacture of a semiconductor device comprising chemical mechanical polish-
ing of a substrate in the presence of a chemical mechanical polishing (CMP)
composition as defined hereinabove and hereinbelow. With respect to preferred
CMP compositions for use in the process of the disclosure see below.
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The present disclosure also relates to the use of a compound of the formula (1)

R .- N,
| N

273 N
R H

(1)

wherein the pairs of dashed lines in formula (1) either each represent a double
bond or each represent a single bond

wherein

(i)

and

(i)

when each pair of dashed lines in formula (1) represents a double bond

one of R' and R? is hydrogen and the other of R and R? is selected from
the group consisting of bromine, alkyl with three to six carbon atoms, ben-
zoyl and — COOR?3 wherein R? is selected from the group consisting of al-
kyls with three to six carbon atoms or R? is a substituent comprising a struc-
tural unit selected from the group consisting of — (CHz-CH2-O),-H and
-{CH2.CH2-0),.CH3, wherein n in each case is an integer in the range of
from 1to 15

or

R' and R? are both independently selected from the group consisting of
bromine and chlorine

when each pair of dashed lines in formula (1) represents a single bond
R' and R? are hydrogen
or

one of R and R? is hydrogen and the other of R' and R? is selected from
the group consisting of chlorine, bromine, alkyl with three to six carbon at-
oms, benzoyl and — COOR? wherein R? is selected from the group consist-
ing of alkyls with three to six carbon atoms or R? is a substituent comprising
a structural unit selected from the group consisting of — (CH2-CH2-O),-H
and -(CH2.CH2-0),.CHs, wherein n in each case is an integer in the range of
from 1to 15

or
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R'" and R? are both independently selected from the group consisting of bromine and
chlorine

as corrosion inhibitor, especially for increasing the selectivity of a chemical mechanical
polishing (CMP) composition for the removal of tantalum or tantalum nitride from a sub-
strate for the manufacture of a semiconductor device in the presence of copper on said
substrate.

In another aspect, there is provided the use of a compound selected from the group con-
sisting of

5-bromo-1H-benzotriazole,
5-tert-butyl-1H-benzotriazole,
5-(benzoyl)-1H-benzotriazole,
5,6-dibromo-1H-benzotriazole,
5-chloro-1H-benzotriazole,
5-sec-butyl-1H-benzotriazole,

4,5,6,7-tetrahydro-1H-benzotriazole,
for increasing the selectivity of a chemical mechanical polishing (CMP) composition for the
removal of tantalum or tantalum nitride from a substrate for the manufacture of a semi-
conductor device in the presence of copper on said substrate.

Constituent (A): corrosion inhibitor

The compound of formula (1) as defined above acts as a corrosion inhibitor. It is presently
believed that the compound of formula (1) can act as corrosion inhibitor by forming a
protective molecular layer on the surface of a metal, e.g. copper. Surprisingly it has now
been found that the compounds of formula (1) in contrast to the compound benzotriazole
(BTA) and in contrast to other derivatives of BTA used in the prior art CMP compositions
have an advantageous effect on the selectivity of the removal of tantalum or tantalum
nitride versus the removal of copper, when the compound of formula (1) is a constituent of
a chemical-mechanical polishing (CMP) composition used for polishing of a substrate
comprising both tantalum or tantalum nitride and copper. Furthermore, a compound of
formula (1) used as a constituent of a chemical-mechanical polishing (CMP) composition
positively influences the removal rate of tantalum or tantalum nitride. Thus, in a typical
chemical-mechanical polishing (CMP) composition comprising a compound of formula (1)
as an active constituent a high removal rate for tantalum or tantalum nitride is accom-
plished, and at the same time a high selectivity of the removal of tantalum or tantalum
nitride versus the removal of copper.

Generally, constituent (A), i.e. the total amount of compound(s) of formula (1) can he
contained in any of a broad range of proportions in the CMP composition of
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the present invention. Preferably, the total amount of constituent (A) is not more
than 1 wt.% (wt.% means “ percent by weight” ), more preferably not more than
0.5 wt.%, most preferably not more than 0.1 wt.%, particularly not more than 0.05
wt.%, for example not more than 0.025 wt.%, based in each case on the total
weight of the respective CMP composition of the present invention. Preferably,
the total amount of constituent (A) is at least 0.0001 wt.%, more preferably at
least 0.0005 wt.%, most preferably at least 0.001 wt.%, particularly at least 0.005
wt.%, for example at least 0.01 wt.%, based in each case on the total weight of
the respective CMP composition of the present invention.

A chemical-mechanical polishing (CMP) composition according to the invention
comprises constituents (A) and (B) as defined above and explained hereinbelow
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in further detail. Preferably, a chemical-mechanical polishing (CMP) composition
according to the invention further comprises constituent (C) as defined and ex-
plained hereinbelow in further detail. More preferably, a chemical-mechanical
polishing (CMP) composition according to the invention, preferably a chemical-
mechanical polishing (CMP) composition according to the invention characterized
herein as preferred comprises one, two three or all of constituents (C), (D), (E)
and (F) as defined and explained hereinbelow in further detail. In certain pre-
ferred embodiments, a chemical-mechanical polishing (CMP) composition ac-
cording to the invention, preferably a chemical-mechanical polishing (CMP) com-
position according to the invention characterized herein as preferred, further
comprises one, more than one or all of constituents (G), (H), (I) and (J) as de-
fined and explained hereinbelow in further detail.

The substances used in or as the above-mentioned constituents (B), (C), (D), (E),
(F), (G), (H), () and (J) of a chemical-mechanical composition of the present
invention are not compounds of formula (1) used in or as constituent (A) of a
chemical-mechanical composition of the present invention as defined here-
inabove and hereinbelow.

It is noted that for quantitative considerations any substances which are not
compounds of formula (1) and which because of their structure at the same time
fall under the definition of various (i.e. two or more) constituents selected from the
group consisting of constituents (B), (C), (D), (E), (F), (G), (H), () and (J) of the
respective CMP composition according to the invention must be assigned in each
case to each of these various constituents.

In addition to the above-mentioned constituents the chemical-mechanical polish-
ing (CMP) composition of the present invention may contain water. Typically, the
water present in a chemical-mechanical polishing (CMP) composition of the
present invention together with other constituents forms an aqueous phase. If
present said water is not considered as belonging to any constituent selected
from the group consisting of constituents (B), (C), (D), (E), (F), (G), (H), (1) and (J)
of the respective CMP composition according to the invention.

Constituent (B): Particles

In particular, a CMP composition according to the invention comprises as constit-
uent (B) inorganic particles, organic particles or a composite or mixture thereof.
Constituent (B) itself can be constituted of

- one type of inorganic particles,
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- a mixture or composite of different types of inorganic particles,

- one type of organic particles,
- a mixture or composite of different types of organic particles, or

- a mixture or composite of one or more types of inorganic particles and one
or more types of organic particles.

A composite is a composite particle comprising two or more types of particles in
such a way that they are mechanically, chemically or in another way bound to
each other. An example for a composite is a core-shell particle comprising one
type of particle in the outer sphere (shell) and another type of particle in the inner
sphere (core).

Generally, constituent (B), i.e. the total amount of particles of constituent (B), can
be contained in any of a broad range of proportions in the CMP composition of
the present invention. Preferably, the total amount of constituent (B) is not more
than 10 wt.% (wt.% means “ percent by weight” ), more preferably not more
than 7 wt.%, most preferably not more than 5 wt.%, particularly not more than 3
wt.%, for example not more than 2.2 wt.%, based in each case on the total
weight of the respective CMP composition of the present invention. Preferably,
the total amount of constituent (B) is at least 0.002 wt.%, more preferably at least
0.01 wt.%, most preferably at least 0.08 wt.%, particularly at least 0.5 wt.%, for
example at least 1 wt.%, based in each case on the total weight of the respective
CMP composition of the present invention.

The particle size distribution the particles of constituent (B) can vary within a wide
range. The particle size distribution of the particles constituent (B) can be mono-
modal or multimodal. In case of a multimodal particle size distribution, bimodal is
often preferred. In order to have an easily reproducible property profile and easily
reproducible conditions during the CMP process of the invention, a monomodal
particle size distribution is preferred for constituent (B).

The mean particle size of the particles of constituent (B) can vary within a wide
range. The mean particle size is the dso value of the particle size distribution of
the particles of constituent (B) in an aqueous medium and can be determined
using dynamic light scattering techniques. Then, the dso value is calculated under
the assumption that particles are essentially spherical. The width of the mean
particle size distribution is the distance (given in units of the x-axis) between the
two intersection points, where the particle size distribution curve crosses the 50%
height of the relative particle counts, wherein the height of the maximal particle
counts is standardized as 100% height.
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Preferably, the mean particle size of the particles of constituent (B) is in the range
of from 5 to 500 nm, more preferably in the range of from 10 to 400 nm, most
preferably in the range of from 20 to 300 nm, in particular in the range of from 30
to 160 nm, for example in the range of from 35 to 135 nm, in each case as
measured with dynamic light scattering techniques using instruments such as
High Performance Particle Sizer (HPPS) from Malvern Instruments, Ltd. or Hori-
ba LB550.

The particles of constituent (B) can be of various shapes. Thereby, the particles
of constituent (B) may be of one or essentially only one type of shape. However,
it is also possible that the particles of constituent (B) have different shapes. For
instance, two types of differently shaped particles may be present. For example,
particles used in or as constituent (B) can have the shape of cubes, cubes with
chamfered edges, octahedrons, icosahedrons, cocoons, nodules or spheres with
or without protrusions or indentations. Preferably, they are spherical with no or
only very few protrusions or indentations.

According to another embodiment, the particles (B) are preferably cocoon-
shaped. The cocoons may be with or without protrusions or indentations. Co-
coon-shaped particles are particles with a minor axis of from 10 to 200 nm, a ratio
of major/minor axis of 1.4 to 2.2, more preferably of 1.6 to 2.0. Preferably they
have an averaged shape factor of from 0.7 to 0.97, more preferably of from 0.77
to 0.92, preferably an averaged sphericity of from 0.4 to 0.9, more preferably of
from 0.5 to 0.7 and preferably an averaged equivalent circle diameter of from 41
to 66 nm, more preferably of from 48 to 60 nm, which can be determined by
transmission electron microscopy and scanning electron microscopy.

The determination of the shape factor, the sphericity and the equivalent circle
diameter of cocoon-shaped particles is explained hereinbelow with reference to
figures 1 to 4. The figures show:

Figure 1: Schematic illustration of the variation of the shape factor with the
shape of a particle

Figure 2: Schematic illustration of the variation of the sphericity with the elonga-
tion of a particle

Figure 3:  Schematic illustration of the Equivalent Circle Diameter (ECD)
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Figure 4: Energy Filtered-Transmission Electron Microscopy (EF-TEM) (120
kilo volts) image of a dried cocoon-shaped silica particle dispersion
with 20 wt.% solid content on a carbon foil

The shape factor gives information on the shape and the indentations of an indi-
vidual particle (see figure 1) and can be calculated according to the following
formula:

shape factor = 411 (area / perimeter?)

The shape factor of a spheric particle without indentations is 1. The value of
shape factor decreases when the number of indentations increases.

The sphericity (see figure 2) gives information on the elongation of an individual
particle using the moment about the mean and can be calculated according to
the following formula wherein M are the centres of gravity of the respective parti-
cle:

sphericity = (M = Myy)-[4 Mxy? + (Myy-Mx)?2]%2 / (Mix = Myy)+[4 Myy? + (Myy-
My)2]05

elongation = (1 / sphericity)%®
wherein
Mxx =% (X-Xmean)? /N
Myy =% (y-Ymean)? /N
Mxy = Z [(X-Xmean)*(Y-Ymean)] /N
N number of pixels forming the image of the respective particle
X,y coordinates of the pixels

Xmean Mean value of the x coordinates of the N pixels forming the image of said
particle

Ymean Mean value of the y coordinates of the N pixels forming the image of said
particle

The sphericity of a spheric particle is 1. The value of the sphericity decreases
when particles are elongated.

The equivalent circle diameter (also abbreviated as ECD in the following) of an
individual non-circular particle gives information on the diameter of a circle which
has the same area as the respective non-circular particle (see figure 3).
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The averaged shape factor, averaged sphericity and averaged ECD are the
arithmetic averages of the respective property related to the analyzed number of
particles.

The procedure for particle shape characterization is as follows. An aqueous
cocoon-shaped silica particle dispersion with 20 wt.% solid content is dispersed
on a carbon foil and is dried. The dried dispersion is analyzed by using Energy
Filtered-Transmission Electron Microscopy (EF-TEM) (120 kilo volts) and Scan-
ning Electron Microscopy secondary electron image (SEM-SE) (5 kilo volts). The
EF-TEM image (see figure 4) having a resolution of 2k, 16 Bit, 0.6851 nm/pixel is
used for the analysis. The images are binary coded using the threshold after
noise suppression. Afterwards the particles are manually separated. Overlying
and edge particles are discriminated and not used for the analysis. ECD, shape
factor and sphericity as defined before are calculated and statistically classified.

For example, cocoon-shaped particles are FUSO PL-3 manufactured by Fuso
Chemical Corporation having an average primary particle size (d1) of 35 nm and
an average secondary particle size (d2) of 70 nm.

The chemical nature of the particles of constituent (B) is not particularly limited.
Particles used in or as constituent (B) may be of the same chemical nature or a
mixture or composite of particles of different chemical nature. As a rule, particles
of the same chemical nature are preferred. Generally, particles of constituent (B)
can be

- inorganic particles such as a particles of metal, a metal oxide or carbide,
including a metalloid, a metalloid oxide or carbide, or

- organic particles such as polymer particles,

- a mixture or composite of inorganic and organic particles.

Particles for use as or in constituent (B) are
- preferably inorganic particles, or a mixture or composite thereof,

- more preferably particles selected from the group consisting of oxides and
carbides of metals or metalloids, or a mixture or composite thereof,

- most preferably particles selected from the group consisting of alumina,
ceria, copper oxide, iron oxide, nickel oxide, manganese oxide, silica, sili-
con nitride, silicon carbide, tin oxide, titania, titanium carbide, tungsten ox-
ide, yttrium oxide, zirconia, and mixtures and composites thereof,
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- particularly preferably particles selected from the group consisting of alumi-
na, ceria, silica, titania, zirconia, and mixtures and composites thereof,

- in particular silica particles,
- for instance cocoon-shaped silica particles,

- for example colloidal silica particles.

If constituent (B) includes organic particles, or a mixture or composite of inorganic
and organic particles, polymer particles are preferred as organic particles.

Constituent (C): complexing agent(s)

A chemical-mechanical polishing (CMP) composition according to the present
invention optionally furthermore comprises (C) one or more complexing agents
selected from the group consisting of inorganic acids and their salts and organic
acids and their salts. A complexing agent selected from the group of inorganic
acids, organic acids and salts thereof is a compound that forms a soluble com-
plex with certain metal ions, thereby inactivating said metal ions so that they
cannot normally react with other elements or ions to produce precipitates or
scale.

If present, constituent (C), i. e. the total amount of complexing agent(s) of constit-
uent (C), can be contained in any of a broad range of proportions in the CMP
composition of the present invention. The total amount of constituent (C) is pref-
erably not more than 10 wt.-%, more preferably not more than 5 wt.-%, most
preferably not more than 3 wt.-%, particularly not more than 2 wt.-%, for example
not more than 1.5 wt.-%, in each case based on the total weight of the respective
CMP composition of the present invention. The total amount of constituent (C) is
preferably at least 0.001 wt.-%, more preferably at least 0.01 wt.-%, most prefer-
ably at least 0.07 wt.-%, particularly at least 0.2 wt.-%, for example at least 0.7
wt.-%, in each case based on the total weight of the respective CMP composition
of the present invention.

Preferably a complexing agent used in or as constituent (C), i.e. the one or at
least one of the more than one complexing agents of constituent (C) is selected
from the group of inorganic acids and salts thereof and organic acids and salts
thereof.

If the one or at least one of the more than one complexing agents of constituent
(C) is selected from the group of inorganic acids and salts thereof, said inorganic
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acid or salt thereof is preferably selected from the group consisting of nitric acid,
carbonic acid, hydrogen carbonates, carbonates, hydrochloric acid, phosphoric
acid, sulfuric acid, hydrofluoric acid and phosphorous acid.

If the one or at least one of the more than one complexing agents of constituent
(C) is selected from the group of organic acids and salts thereof, said organic
acid is selected from the group consisting of carboxylic acids, amino acids and
sulfonic acids. Preferred carboxylic acids are formic acid, acetic acid, propionic
acid, butyric acid, valeric acid, hexanoic acid, malonic acid, succinic acid, glutanic
acid, adipic acid, glycolic acid, lactic acid, citric acid, malic acid, tartaric acid,
oxalic acid, creatine, dimethylglycine, citric acid, maleic acid, malic acid, pimelic
acid, suberic acid, tricarballylic acid, terephthalic acid, 3-hydroxybenzoic acid, 4-
hydroxybenzoic acid, benzoic acid, 1,2,4,5-benzenetetracarboxylic acid, phthalic
acid, oxalic acid, sebacic acid, itaconic acid. Preferred amino acids are alanine,
arginine, asparagine, aspartic acid, cysteine, glutamin, glutamic acid, glycine,
histidinw, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine,
threonine, tryptophane, tyrosine and valine.

Preferably, a complexing agent used in or as constituent (C), i.e. the one or at
least one of the more than one complexing agents of constituent (C) is a com-
pound comprising at least two carboxylic acid (-COOH) or carboxylate (-COO")
groups.

Particularly preferably, the one or at least one of the one or more complexing
agents of constituent (C) is selected from the group consisting of malonic acid,
citric acid, adipic acid, propane-1,2,3-tricarboxylic acid, butane-1,2,3,4-
tetracarboxylic acid, pentane-1,2,3,4,5-pentacarboxylic acid and salts thereof
aromatic compounds comprising one or more acid groups.

Constituent (D): Non-ionic surfactant(s)

The chemical-mechanical polishing (CMP) composition of the present invention
optionally further comprises one or more non-ionic surfactants as constituent (D).
Generally, a surfactant used in or as constituent (D) is a surface-active com-
pound which decreases the surface tension of a liquid, the interfacial tension
between two liquids, or that between a liquid and a solid. In general, any non-
ionic surfactant (D) can be used.

As noted above, substances which because of their structure at the same time
fall under the definition of various constituents of a CMP composition according to



WO 2015/004567 PCT/IB2014/062747

16
the invention for quantitative considerations must be assigned in each case to all
these constituents.

A non-ionic surfactant used in or as constituent (D), i.e. the one or at least one of
the non-ionic surfactants of constituent (D), is preferably water-soluble and/or
water-dispersible, more preferably water-soluble. “ Water-soluble” means that
the relevant component or ingredient of the composition of the invention can be
dissolved in the aqueous phase on the molecular level. © Water-dispersible”
means that the relevant component or ingredient of the composition of the inven-
tion can be dispersed in the aqueous phase and forms a stable emulsion or
suspension.

The one or at least one of the more than one non-ionic surfactants of constituent
(D) is preferably selected from the group consisting of amphiphilic non-ionic
surfactants, i. e. surfactants which comprise one or more hydrophobic groups
(d1) and one or more hdroyphilic groups (d2). This means that such nonionic
surfactant can comprise more than one hydrophobic group (d1), e. g., 2, 3 or
more groups (d1), which are separated from each other by at least one hydro-
philic group (d2) as described hereinbelow. This also means that such nonionic
surfactant can comprise more than one hydrophilic group (d2), e.g., 2, 3 or more
groups (d2) which are separated from each other by at least one hydrophobic
group (d1) as described hereinbelow.

Therefore, such nonionic surfactant can have different block-like general struc-
tures. Examples of such general block-like structures are:

- d1-dz2,

- d1-d2-d1,

- d2-d1-d2,

- d2-d1-d2-df,

- d1-d2-d1-d2-d1 and
- d2-d1-d2-d1-d2.

More preferably such non-ionic surfactant is an amphiphilic non-ionic surfactant
comprising a polyoxyalkylene group as the hydrophilic group (d2). The hydropho-
bic group (d1) is preferably an alkyl group, more preferably an alkyl group having
4 to 40, most preferably 5 to 20, particularly preferably 7 to 18, in particular 10 to
16, for example 11 to 14 carbon atoms.
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The hydrophilic group (d2) is preferably a polyoxyalkylene group. Said polyoxy-
alkylene groups can be oligomeric or polymeric. More preferably, the hydrophilic
group (d2) is a hydrophilic group selected from the group consisting of polyoxy-
alkylene groups comprising (d21) oxyalkylene monomer units, and (d22) oxy-
alkylene monomer units other than oxyethylene monomer units, said monomer
units (d21) being not identical to monomer units (d22), and said polyoxyalkylene
group of (d2) containing the monomer units (d21) and (d22) in random, alternat-
ing, gradient and/or block-like distribution.

Most preferably, the hydrophilic group (d2) is a hydrophilic group selected from
the group consisting of polyoxyalkylene groups comprising (d21) oxyethylene
monomer units, and (d22) oxyalkylene monomer units other than oxyethylene
monomer units, said polyoxyalkylene group of (d2) containing the monomer units
(d21) and (d22) in random alternating, gradient and/or block-like distribution.

Preferably, the oxyalkylene monomer units (d22) other than oxyethylene mono-
mer units are substituted oxyalkylene monomer units wherein the substituents
are selected from the group consisting of alkyl, cycloalkyl, aryl, alkyl-cycloalkyl,
alkyl-aryl, cycloalkyl-aryl and alkyl-cycloalkyl-aryl groups. The oxyalkylene mon-
omer units (d22) other tan oxyethylene monomer units are

- more preferably derived from substituted oxiranes (X) wherein the substitu-
ents are selected from the group consisting of alkyl, cycloalkyl, aryl, alkyl-
cycloalkyl, alkyl-aryl, cycloalkyl-aryl and alkyl-cycloalkyl-aryl groups,

- most preferably derived from alkyl-substituted oxiranes (X),

- particularly preferably derived from substituted oxiranes (X) wherein the
substituents are selected from the group consisting of alkyl groups having 1
to 10 carbon atoms,

- for example derived from methyl oxirane (propylene oxide) and/or ethyl
oxirane (butylene oxide).

The substituents of the substituted oxiranes (X) themselves can also carry inert
substituents, i.e. substituents which do not adversely affect the copolymerization
of the oxiranes (X) and the surface activity of the non-ionic surfactants (D). Ex-
amples of such inert substituents are fluorine and chlorine atoms, nitro groups
and nitrile groups. If such inert substituents are present, they are preferably
present in such amounts that they do not adversely affect the hydrophilic-
hydrophobic balance of the non-ionic surfactant (D). Preferably, the substituents
of the substituted oxiranes (X) do not carry such inert substituents.
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The substituents of the substituted oxiranes (X) are preferably selected from the
group consisting of alkyl groups having 1 to 10 carbon atoms, cycloalkyl groups
having 5 to 10 carbon atoms, in spirocyclic, exocyclic and/or annealed configura-
tion, aryl groups having 6 to 10 carbon atoms, alkyl-cycloalkyl groups having 6 to
20 carbon atoms, alkyl-aryl groups having 7 to 20 carbon atoms, cycloalkyl-
arylgroups having 11 to 20 carbon atoms, and alkyl-cycloalkyl-aryl groups having
12 to 30 carbon atoms. Most preferably, the substituents of the substituted
oxiranes (X) are selected from the group consisting of alkyl groups having 1 to 10
carbon atoms. Particularly, the substituents of the substituted oxiranes (X) are
selected from the group consisting of alkyl groups having 1 to 6 carbon atoms.

Examples for the most preferred substituted oxiranes (X) are methyl oxirane
(propyleneoxide) and/or ethyl oxirane (butylene oxide), particularly methyl
oxirane.

Most preferably, the hydrophilic group (d2) consists of the monomer units (d21)
and (d22).

In another embodiment, the hydrophilic group (d2) is preferably a polyoxyeth-
ylene, polyoxypropylene or polyoxybutylene group, more preferably a polyoxy-
ethylene group.

In the embodiments where the hydrophilic group (d2) comprises or consists of the
monomer units (d21) and (d22), the polyoxyalkylene group — acting as hydro-
philic group (d2) — contains the monomer units (d21) and (d22) in random, alter-
nating, gradient and/or block-like distribution. This means that one hydrophilic
group (d2) can have only one type of distribution, i. e.

- random: ...-d21-d21-d22-d21-d22-d22-d22-d21-d22-...;

- alternating: ...-d21-d22-d21-d22-d21-...;

- gradient: ...-d21-d21-d21-d22-d21-d21-d22-d22-d21-d22-d22-d22-...; or
- block-like: ...-d21-d21-d21-d21-d22-d22-d22-d22-....

Alternatively, the hydrophilic group (d2) can also contain at least two types of
distributions, e.g. an oligomeric or polymeric segment having a random distribu-
tion and an oligomeric or polymeric segment having alternating distribution. Most
preferably, the hydrophilic group (d2) preferably has only one type of distribution,
and most preferably, said distribution is random or blocklike.
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In the embodiments where the hydrophilic group (d2) comprises or consists of the
monomer units (d21) and (d22), the molar ratio of (d21) to (d22) can vary broadly
and, therefore, can be adjusted most advantageously to the particular require-
ments of the composition, the process and the use of the invention. Preferably
the molar ratio (d21):(d22) is from 100:1 to 1:1, more preferably, from 60:1 to
1.5:1 and, most preferably, from 50:1 to 1.5:1, and particularly preferably, from
25:1 to 1.5:1, and particularly, from 15:1 to 2:1, and for example, from 9:1 to 2:1.

Also the degree of polymerization of the oligomeric and polymeric polyoxy-
alkylene groups — acting as hydrophilic groups (d2) — can vary broadly and,
therefore, can be adjusted most advantageously to the particular requirements of
the composition, the process and the use of the invention. Preferably, the degree
of polymerization is in the range of from 5 to 100, preferably 5 to 90, and most
preferably, 5 to 80.

Preferably, a non-ionic surfactant for use in or as constituent (D) is an amphiphilic
non-ionic polyoxyethylene-polyoxypropylene alkyl ether surfactant which is a
mixture of molecules containing, on the average,

- an alkyl group having 10 to 16 carbon atoms and
- 5 to 20 oxyethylene monomer units (d21) and
- 2 to 8 oxypropylene monomer units (d22)

in random distribution.

For example, the non-ionic surfactant for use in or as constituent (D) is an am-
phiphilic non-ionic polyoxyethylene-polyoxypropylene alkyl ether surfactant which
is a mixture of molecules containing, on the average, an alkyl group having 11 to
14 carbon atoms and 12 to 20 oxyethylene monomer units and 3 to 5 oxypropyl-
ene monomer units in random distribution.

If present, constituent (D), i. e. the total amount of non-ionic surfactant(s) of
constituent (D) can be contained in any of a broad range of proportions in the
CMP composition of the present invention. Preferably, the total amount of con-
stituent (D) is not more than 10 wt.%, more preferably not more than 3 wt.%,
most preferably not more than 1 wt.%, particularly preferably not more than 0.5
wt.%, particularly not more than 0.1 wt.%, for example not more than 0.05 wt.%,
in each case based on the total weight of the respective CMP composition of the
present invention. Preferably, the total amount of constituent (D) is at least
0.00001 wt.%, more preferably at least 0.0001 wt.%, most preferably at least
0.0008 wt.%, particularly preferably at least 0.002 wt.%, particularly at least 0.005
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wt. %, for example at least 0.008 wt.%, in each case based on the total weight of
the respective CMP composition of the present invention.

In general, the solubility of constituent (D) in an aqueous medium can vary within
a wide range. The solubility of constituent (D) in water at pH 7 at 20 °C under
atmospheric pressure is preferably at least 1 g/L, more preferably at least 5 g/L,
most preferably at least 20 g/L, particularly at least 50 g/L, for example at least
150 g/L. Said solubility can be determined by evaporating the solvent and meas-
uring the remaining mass in the saturated solution.

Constituent (E): Alcohol(s)

The chemical-mechanical polishing (CMP) composition of the present invention
optionally further comprises one or more alcohols as constituent (E).

As noted above, substances which because of their structure at the same time
fall under the definition of various constituents of a CMP composition according to
the invention for quantitative considerations must be assigned in each case to all
these constituents. For example, where a composition according to the invention
contains in or as constituent (E) one or more alcohols which at the same time fall
under the definition of non-ionic surfactants used in or as constituent (D) as
defined above, for the purpose of quantitative considerations these surfactants
must be assigned to both constituent (E) and constituent (D).

An alcohol used in or as constituent (E), i. €. the one or at least one of the more
than one alcohols of constituent (E), is preferably an alcohol having at least two
hydroxyl groups which are not dissociable in the aqueous medium. More prefera-
bly (E) is an alcohol having two hydroxyl groups which are not dissociable in the

1]

aqueous medium. “ Not dissociable” means that the pKa, value (logarithmic

measure of the acid dissociation constant) for the reaction
alcohol (E) — deprotonated alcohol (E) + H* of the hydroxyl group

in the neutral aqueous phase is more than 9.9, more preferably more than 11,
most preferably more than 12, particularly preferably more than 13, for example
more than 14 as measured in de-ionized water at 25°C and atmospheric pres-
sure. For example, propane-1,2-diol (alpha-propylene glycol) has a pK, value of
14.9 as measured in de-ionized water at 25°C and atmospheric pressure.

More preferably, an alcohol used in or as constituent (E) is a diol, triol, tetraol,
pentaol, hexaol, heptaol, octaol, nonaol, decaol, or a polyol. Most preferably,
such alcohol is a diol, triol, pentaol, or hexaol. Particularly preferably, such alco-
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hol is a diol. Particularly most preferably, the one or at least one of the more than
one alcohols of constituent (E) is selected from the group consisting of ethanediol
(ethylene glycol), propanediol (propylene glycol) and butanediol (butylene glycol).
In particular, the one or at least one of the more than one alcohols of constituent
(E) is propanediol (propylene glycol).

An alcohol used in or as constituent (E) is preferably an alcohol having 2 to 50
carbon atoms, more preferably an alcohol having 2 to 20 carbon atoms, most
preferably an alcohol having 2 to 11 carbon atoms, particularly preferably an
alcohol having 2 to 7 carbon atoms, in particular an alcohol having 2 to 4 carbon
atoms, for example an alcohol having 3 carbon atoms.

If present, constituent (E), i. e. the total amount of alcohol(s) of constituent (E)
can be contained in any of a broad range of proportions in the CMP composition
of the present invention. Preferably, the total amount of constituent (E) is not
more than 10 wt.%, more preferably not more than 5 wt.%, most preferably not
more than 3 wt.%, particularly preferably not more than 2 wt.%, particularly not
more than 1.2 wt.%, for example not more than 0.8 wt.%, in each case based on
the total weight of respective CMP composition of the present invention. Prefera-
bly, the total amount of constituent (E) is at least 0.001 wt.%, more preferably at
least 0.01 wt.%, most preferably at least 0.05 wt.%, particularly preferably at least
0.1 wt.%, particularly at least 0.3 wt.%, for example at least 0.5 wt.%, in each
case based on the total weight of the respective CMP composition of the present
invention.

In general, the solubility of constituent (E) can vary within a wide range. The
solubility of constituent (E) in water at pH 7 at 25°C under atmospheric pressure
is preferably at least 1 g/L, more preferably at least 5 g/L, most preferably at least
20 g/L, particularly at least 50 g/L, for example at least 150 g/L. Said solubility
can be determined by evaporating the solvent and measuring the remaining
mass in the saturated solution.

Constituent (F): oxidizing agent(s)

The chemical-mechanical polishing (CMP) composition of the present invention
further optionally comprises as constituent (F) one or more oxidizing agents,
preferably one or two types of oxidizing agent, more preferably one type of oxidiz-
ing agent. In general, an oxidizing agent used in or as constituent (F) is a com-
pound which is capable of oxidizing the to-be-polished substrate or one of its
layers.
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As noted above, substances which because of their structure at the same time
fall under the definition of various constituents of a CMP composition according to
the invention for quantitative considerations must be assigned in each case to all
these constituents. For example, where a composition according to the invention
contains in or as constituent (F) one or more oxidizing agents which at the same
time fall under the definition of any other constituent defined above, for the pur-
pose of quantitative considerations these oxidizing agents must be assigned to
constituent (F) as well as said other constituent(s).

Preferably, one or at least one of the more than one oxidizing agents used in or
as constituent (F) is a per-type oxidizer. More preferably, the one or at least one
of the more than one oxidizing agent of constituent (F) is selected from the group
consisting of peroxides, persulfates, perchlorates, perbromates, periodates and
permanganates and derivates thereof. Most preferably, such oxidizing agent is a
peroxide or persulfate. Particularly, such oxidizing agent is a peroxide. For exam-
ple, such oxidizing agent is hydrogen peroxide.

If present, constituent (F), i. e. the total amount of oxidizing agent(s) of constitu-
ent (F), can be contained in any of a broad range of proportions in the CMP
composition of the present invention. Preferably, the total amount of constituent
(F) is not more than 20 wt.%, more preferably not more than 10 wt.%, most pref-
erably not more than 5 wt.%, particularly not more than 2.5 wt.%, for example not
more than 1.5 wt.%, in each case based on the total weight of the composition.
Preferably, the total amount of constituent (F) is at least 0.01 wt.%, more prefera-
bly at least 0.08 wt.%, most preferably at least 0.4 wt.%, particularly at least 0.75
wt. %, for example at least 1 wt.%, in each case based on the total weight of the
respective CMP composition of the present invention. If hydrogen peroxide is
used as the sole oxidizing agent of constituent (F), the total amount of constituent
(F) is preferably 0.5 wt.% to 4 wt.%, more preferably 1 wt.% to 2 wt.%, for in-
stance 1.2 to 1.3 wt.%, in each case based on the total weight of the respective
CMP composition of the present invention.

The chemical-mechanical polishing (CMP) composition in addition to constituents
(A), (B), (C), (D), (E) and (F) can comprise one or more additional constituents as
defined hereinbelow.

Constituent (G): further corrosion inhibitor(s)

In addition to the one or more compounds of formula (1) present as constituent
(A), the chemical-mechanical polishing (CMP) composition of the present inven-
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tion further optionally contains as constituent (G) one or more further corrosion
inhibitors.

As noted above, substances which because of their structure at the same time
fall under the definition of various constituents of a CMP composition according to
the invention for quantitative considerations must be assigned in each case to all
these constituents. For example, where a composition according to the invention
contains in or as constituent (G) one or more further corrosion inhibitor(s) which
at the same time fall under the definition of alcohols used in or as constituent (E)
as defined above, for the purpose of quantitative considerations these surfactants
must be assigned to both constituent (G) and constituent (E).

Preferably, one or at least one of the more than one further corrosion inhibitors of
constituent (G) are thiols, film forming polymers, polyols, diazoles, triazoles,
tetrazoles and their derivatives, most preferably imidazole, 1,2,4-triazole, ben-
zotriazole, tolytriazole, and derivatives thereof, wherein the compounds of formu-
la (1) as defined above are excluded and can therefore not be considered to be
further corrosion inhibitors of constituent (G).

The total amount of constituent (A), i.e. compound(s) of formula (1) as defined
above, and constituent (G), i e. further corrosion inhibitor(s) as defined above, is
preferably not more than 10 wt.%, more preferably not more than 2 wt.%, most
preferably not more than 0.5 wt.%, particularly not more than 0.15 wt.%, for ex-
ample not more than 0.08 wt.%, in each case based on the total weight of the
respective CMP composition of the present invention. The total amount of con-
stituent (A) and constituent (G) is preferably at least 0.0001 wt.%, more prefera-
bly at least 0.001 wt.%, most preferably at least 0.005 wt.%, particularly at least
0.02 wt.%, for example at least 0.04 wt.%, in each case based on the total weight
of the respective CMP composition of the present invention.

Presence of divalent cations

In the chemical-mechanical polishing (CMP) composition of the present invention,
the total amount of divalent cations selected from the group consisting of magne-
sium and calcium is less than 1 ppm based on the total weight of the respective
CMP composition.

The presence of divalent cations selected from the group consisting of magnesi-
um and calcium in an amount of 1 ppm or more (based on the total weight of the
respective CMP composition) is detrimental to the stability of a chemical-
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mechanical polishing (CMP) composition, because with certain anions, e,g.,
carbonates, calcium and magnesium cations form poorly soluble salts which
precipitate. Moreover, divalent cations, due to the presence of two valencies, may
form salt bridges which crosslink entities carrying negative charges, e.g. polymer-
ic anions, thus resulting in formation of larger entities of poor solubility or poor
dispersibility. Both reactions result in altering the amount of solid substances in
the CMP composition, thus disturbing the polishing process and increasing the
risk of damaging the substrate to be polished.

It is preferred that the chemical mechanical polishing (CMP) composition of the
present invention composition contains cations selected from the group consist-
ing of magnesium and calcium in an amount of less than 0.9 ppm, preferably in a
total amount of less than 0.5 ppm (in each case based on the total weight of the
respective CMP composition), and most preferably does not contain any cations
selected from the group consisting of magnesium and calcium. More preferably
the chemical mechanical polishing (CMP) composition according to the invention
composition contains divalent metal cations in an amount of less than 1 ppm
preferably less than 0.9 ppm (in each case based on the total weight of the re-
spective CMP composition), and most preferably does not contain any divalent
metal cations. Accordingly, as far as any of the constituents of the chemical
mechanical polishing (CMP) composition are salts, it is preferred that those salts
do not contain cations selected from the group consisting of magnesium and
calcium, and more preferably do not contain any divalent metal cations.

pH value of the CMP composition

The properties of the chemical-mechanical polishing (CMP) composition of the
present invention, such as stability and polishing performance, may depend on
the pH of said composition. In general, the CMP composition can have any pH
value. Preferably, the pH value of the composition is not more than 14, more
preferably not more than 13, most preferably not more than 12, particularly pref-
erably not more than 11.5, particularly most preferably not more than 11, particu-
larly not more than 10.5, for example not more than 10.2. The pH value of the
composition is preferably at least 6, more preferably at least 7, most preferably at
least 8, particularly preferably at least 8.5, particularly most preferably at least 9,
particularly at least 9.5, for example at least 9.7. The pH value of the composition
is preferably in the range of from 6 to 14, more preferably from 7 to 13, most
preferably from 8 to 12, particularly preferably from 8.5 to 11.5, particularly most
preferably from 9 to 11, particularly from 9.5 to 10.5, for example from 9.7 to 10.2.
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In the process of preparing a chemical-mechanical polishing (CMP) composition
of the present invention, the pH value of the (CMP) composition of the present
invention is optionally adjusted by adding one or more additional pH adjusting
agents (H). In general, a pH adjusting agent for use in preparation of a CMP
composition of the present invention is a compound which is added to the CMP
composition to have its pH value adjusted to the required value.

A chemical-mechanical polishing (CMP) composition having a pH in the above-
defined range is obtainable by mixing

(H) one or more pH adjusting agents

with the constituents (A), (B) and optionally one, more or all of constituents (C),
(D), (E), (F) and (I) (see below) of the chemical-mechanical polishing composi-
tion.

The one or at least one of the more than one pH adjusting agents (H) is prefera-
bly selected from the group consisting of nitric acid, sulfuric acid, ammonia, tet-
ramethylammonium hydroxide, sodium hydroxide and potassium hydroxide. In
the process of preparing a chemical-mechanical polishing (CMP) composition of
the present invention, one or more pH adjusting agents (H) are used in order to
adjust the pH value to the desired level. Typically a CMP composition having a
pH in the above-defined preferred range is obtainable (and obtained) by a meth-
od comprising the step of adjusting the pH by adding (H) one or more pH adjust-
ing agents to a corresponding pre-mixture comprising all or some of constituents
(A), (B), (C), (D), (E), (F) and () of the CMP composition according to the present
invention (for the definition of constituent (1) see below).

Preferably, said one or at least one of the more than one pH adjusting agents (H)
is selected from the group consisting of inorganic acids, carboxylic acids, amine
bases, alkali hydroxides and ammonium hydroxides, including tetraalkylammoni-
um hydroxides. Particularly, said one or at least one of the more than one pH
adjusting agents (H) is selected from the group consisting of nitric acid, sulfuric
acid, hydrochloric acid, ammonia, tetramethylammonium hydroxide, sodium
hydroxide and potassium hydroxide. Preferably, in the process of preparing a
CMP composition of the present invention the pH value is adjusted by one pH
adjusting agent (H). For example, the pH adjusting agent (H) is potassium hy-
droxide.

As noted above, substances which because of their structure at the same time
fall under the definition of various constituents of a CMP composition according to
the invention for quantitative considerations must be assigned in each case to all



WO 2015/004567 PCT/IB2014/062747

26
these constituents. For example, where a composition according to the invention
contains in or as constituent (H) one or more pH adjusting agent(s) which at the
same time fall under the definition of complexing agents used in or as constituent
(C) as defined above, for the purpose of quantitative considerations these surfac-
tants must be assigned to both constituent (H) and constituent (C).

If one or more pH adjusting agents are used, the total amount of pH adjusting
agent(s) (H) added in the process of preparing a chemical-mechanical polishing
(CMP) composition of the present invention can be any of a broad range of pro-
portions. If present, the total amount of pH adjusting agents (H) added in the
process of preparing a chemical-mechanical polishing (CMP) composition of the
present invention is preferably not more than 10 wt.%, more preferably not more
than 2 wt.%, most preferably not more than 0.5 wt.%, particularly not more than
0.1 wt.%, for example not more than 0.05 wt.%, in each case based on the total
weight of the respective CMP composition of the present invention. If present, the
total amount of pH adjusting agents (H) added in the process of preparing a
chemical-mechanical polishing (CMP) composition of the present invention is
preferably at least 0.0005 wt.%, more preferably at least 0.005 wt.%, most pref-
erably at least 0.025 wt.%, particularly at least 0.1 wt.%, for example at least 0.4
wt.%, in each case based on the total weight of the respective CMP composition
of the present invention.

Constituent (1): buffer(s)

According to the invention, the CMP composition of the present invention further
optionally comprises one or more buffers (). In general, a buffer for use in or as
constituent (1) is a compound or mixture which is added to the CMP composition
to maintain the pH value at the required level.

Preferably, the one or at least one of the more than one buffers of constituent (1)
is a carbonate or hydrogen carbonate salt. In general, a carbonate salt is any salt
comprising at least one CO3% anion, and a hydrogen carbonate salt is any salt
comprising at least one HCOs~ anion. Preferably, the carbonate or hydrogen
carbonate salt does not comprise any anions other than CO32 or HCO3~ anions.
Preferably, the buffer is a carbonate salt. Most preferably, the one or at least one
of the more than one buffers of constituent (l) is a carbonate salt which does not
comprise any anions other than the CO32- anion.

Preferably, the carbonate or hydrogen carbonate salt for use as or in constituent
() comprises at least one cation selected from the group consisting of NH4*
cation, organic ammonium cations (as defined below), N-heterocyclic cations and
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alkali metal cations. More preferably, the carbonate or hydrogen carbonate salt
comprises at least one of NH4* and alkali metal cations. Most preferably, a car-
bonate or hydrogen carbonate salt for use as or in constituent (1) comprises at
least one alkali metal cation. Particularly preferably, the carbonate or hydrogen
carbonate salt for use as or in constituent (I) comprises at least one sodium or
potassium cation. Particularly most preferably, a carbonate or hydrogen car-
bonate salt for use as or in constituent (I) comprises at least one potassium
cation. Particularly, the one or at least one of the more than one buffers of con-
stituent (1) is preferably selected from the group consisting of potassium car-
bonate or potassium hydrogen carbonate.

For example, the carbonate or hydrogen carbonate salt for use as or in constitu-
ent (1) is potassium carbonate.

An organic ammonium cation is any cation of the formula [NR"'R12R13R]*,
wherein R, R12, R® js — independently from each other — H, alkyl, aryl, al-
kylaryl, or arylalkyl, and R'* is alkyl, aryl, alkylaryl, or arylalkyl.

If present, constituent (1), i.e. the total amount of buffer(s) of constituent (1) can be
contained in any of a broad range of proportions in the CMP composition of the
present invention. Preferably, the total amount of constituent () is not more than
10 wt.%, more preferably not more than 5 wt.%, most preferably not more than 3
wt.%, particularly preferably not more than 2 wt.%, particularly not more than 1
wt.%, for example not more than 0.7 wt.%, in each case based on the total
weight of the respective CMP composition of the present invention. Preferably,
the total amount of constituent (1) is at least 0.001 wt.%, more preferably at least
0.01 wt.%, most preferably at least 0.05 wt.%, particularly preferably at least 0.1
wt. %, particularly at least 0.2 wt.%, for example at least 0.4 wt.%, in each case
based on the total weight of the respective CMP composition of the present
invention.

As noted above, substances which because of their structure at the same time
fall under the definition of various constituents of a CMP composition according to
the invention for quantitative considerations must be assigned in each case to all
these constituents. For example, where a composition according to the invention
contains in or as constituent (1) one or more buffer(s) which at the same time fall
under the definition of complexing agents used in or as constituent (C) as defined
above, for the purpose of quantitative considerations these surfactants must be
assigned to both constituent (1) and constituent (C).
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Constituent (J): Biocides

The CMP composition of the present invention further optionally contains one or
more biocides (J), for example one biocide. In general, one or at least one of the
more than one biocides used in or as constituent (J) is a compound which deters,
renders harmless, or exerts a controlling effect on any harmful organism by
chemical or biological means.

Preferably, one or at least one of the more than one biocide used in or as con-
stituent (J) is selected from the group consisting of quaternary ammonium com-
pounds (with the exception of quaternary ammonium carbonates and quaternary
ammonium hydrocarbonates) isothiazolinone-based compounds, N-substituted
diazenium dioxides and N'-hydroxy-diazenium oxide salts. More preferably, (J) is
an N-substituted diazenium dioxide, or an N'-hydroxy-diazenium oxide salt.

If present, constituent (J), i.e. the total amount of biocide(s) of constituent (J) can
be contained in in any of a broad range of proportions in the CMP composition of
the present invention. If present, the total amount of constituent (J) is preferably
not more than 0.5 wt.%, more preferably not more than 0.1 wt.%, most preferably
not more than 0.05 wt.%, particularly not more than 0.02 wt.%, for example not
more than 0.008 wt.%, in each case based on the total weight of the respective
CMP composition of the present invention. If present, the total amount of constit-
uent (J) is preferably at least 0.0001 wt.%, more preferably at least 0.0005 wt.%,
most preferably at least 0.001 wt.%, particularly at least 0.003 wt.%, for example
at least 0.006 wt.%, in each case based on the total weight of the respective
CMP composition of the present invention.

According to the present invention, preferred is a chemical mechanical polishing
(CMP) composition comprising

(A) a total amount of one or more compounds of formula (1) in a range of from
0.0001 wt-% to 1 wt.-% based on the total weight of the respective CMP
composition.

According to the present invention, also preferred is a chemical mechanical
polishing (CMP) composition comprising

(B) a total amount of inorganic particles, organic particles, or a composite or
mixture thereof in a range of from 0.002 to 10 wt.-% based on the total
weight of the respective CMP composition,
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According to the present invention, also preferred is a chemical mechanical
polishing (CMP) composition comprising

(C) a total amount of one or more complexing agents selected from the group
of organic acids and salts thereof in a range of from 0.001 to 10 wt.-%
based on the total weight of the respective CMP composition,

According to the present invention, also preferred is a chemical mechanical
polishing (CMP) composition comprising

(D) a total amount of one or more non-ionic surfactants in a range of from
0.00001 to 10 wt.-% based on the total weight of the respective CMP com-
position,

According to the present invention, also preferred is a chemical mechanical
polishing (CMP) composition comprising

(E) atotal amount of one or more alcohols in a range of from 0.001 to 10 wt.-%
based on the total weight of the respective CMP composition,

According to the present invention, also preferred is a chemical mechanical
polishing (CMP) composition comprising

(F) a total amount of one or more oxidizing agents in a range of from 0.01 to 20
wt.-% based on the total weight of the respective CMP composition,

According to the present invention, also preferred is a chemical mechanical
polishing (CMP) composition comprising

()  atotal amount of one or more buffers in a range of from 0.001 to 10 wt.-%
based on the total weight of the respective CMP composition.

Also preferred are any combinations of the above-defined preferred concentration
ranges of constituents (A), (B), (C), (D), (E), (F) and ().

Most preferred according to the present invention is a chemical mechanical pol-
ishing (CMP) composition comprising

(A) a total amount of one or more compounds of formula (1) in a range of from
0.0001% to 1 wt.-% based on the total weight of the respective CMP com-
position,

and
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(B) a total amount of inorganic particles, organic particles, or a composite or
mixture thereof in a range of from 0.002 to 10 wt.-% based on the total
weight of the respective CMP composition,

and

(C) a total amount of one or more complexing agents selected from the group
of organic acids and salts thereof in a range of from 0.001 to 10 wt.-%
based on the total weight of the respective CMP composition,

and

(D) a total amount of one or more non-ionic surfactants in a range of from
0.00001 to 10 wt.-% based on the total weight of the respective CMP com-
position,

and

(E) atotal amount of one or more alcohols in a range of from 0.001 to 10 wt.-%
based on the total weight of the respective CMP composition,

and

(F) atotal amount of one or more oxidizing agents in a range of from 0.01 to 20
wt.-% based on the total weight of the respective CMP composition,

and

() atotal amount of one or more buffers in a range of from 0.001 to 10 wt.-%
based on the total weight of the respective CMP composition.

Processes for preparing CMP compositions are generally known. These pro-
cesses may be applied to the preparation of the CMP composition of the present
invention. A CMP composition of the present invention is preparable by dispers-
ing or dissolving the above-described constituents (A) and (B) and -if present- the
further constituents (C), (D), (E), (F), (G) and (J) in an aqueous medium, prefera-
bly water, and optionally by adjusting the pH value by adding one or more pH
adjusting agents (H) and/or maintaining the pH by one or more buffers (I). Thus,
the CMP composition is preferably preparable by dispersing the particles (B), and
dispersing and/or dissolving constituent (A) and -if present- the further constitu-
ents (C), (D), (E), (F), (G), (I) and (J) and one or more pH adjusting agents (H) in
an aqueous medium, preferably water.

For this purpose, the customary and standard mixing processes and mixing
apparatuses such as agitated vessels, high shear impellers, ultrasonic mixers,
homogenizer nozzles or counterflow mixers, can be used.



WO 2015/004567 PCT/IB2014/062747

31
Chemical mechanical polishing process:

The chemical mechanical polishing (CMP) process is generally known and can
be carried out with the techniques and the equipment under the conditions cus-
tomarily used for the CMP process in the fabrication of wafers with integrated
circuits. There is no restriction on the equipment with which the polishing process
can be carried out.

As is known in the art, typical equipment for the CMP process consists of a rotat-
ing platen which is covered with a polishing pad. Orbital polishers may be used,
too. The wafer is mounted on a carrier or chuck. The side of the wafer being
processed is facing the polishing pad (single side polishing process). A retaining
ring secures the wafer in the horizontal position.

Below the carrier, the larger diameter platen is generally horizontally positioned
and presents a surface parallel to that of the wafer to be polished. The polishing
pad on the platen contacts the wafer surface during the planarization process.

To produce the desired material loss, the wafer is pressed onto the polishing pad.
Both the carrier and the platen are usually caused to rotate around their respec-
tive shafts extending perpendicular from the carrier and the platen. The rotating
carrier shaft may remain fixed in position relative to the rotating platen or may
oscillate horizontally relative to the platen. The direction of rotation of the carrier
is typically, though not necessarily, the same as that of the platen. The speeds of
rotation for the carrier and the platen are generally, though not necessarily, set at
different values. During the CMP process the CMP composition of the invention is
usually applied onto the polishing pad as a continuous stream or in dropwise
fashion. Customarily, the temperature of the platen is set at temperatures of from
10to 70 °C.

The load on the wafer can be applied by a flat plate made of steel for example,
covered with a soft pad that is often called backing film. If more advanced equip-
ment is being used a flexible membrane that is loaded with air or nitrogen pres-
sure presses the wafer onto the pad. Such a membrane carrier is preferred for
low down force processes when a hard polishing pad is used, because the down
pressure distribution on the wafer is more uniform compared to that of a carrier
with a hard platen design. Carriers with the option to control the pressure distribu-
tion on the wafer may also be used according to the invention. They are usually
designed with a number of different chambers that can be loaded to a certain
degree independently from each other.
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For further details of a CMP process, reference is made to WO 2004/063301 A1,
in particular page 16, paragraph [0036] to page 18, paragraph [0040] in conjunc-
tion with figures 1 and 2.

By way of a CMP process using the CMP composition of the invention, wafers
with integrated circuits comprising a dielectric layer can be obtained which have
an excellent functionality.

CMP compositions of the present invention are provided for the CMP process in
the form of a ready-to-use slurry. CMP compositions of the present invention
have a long shelf-life, show a stable particle size distribution over long time with-
out agglomeration, and maintain a high MRR of barrier layer. Thus, they are easy
to handle and to store.

Moreover, as shown by the examples presented hereinbelow, the CMP composi-
tions of the present invention combine two, more or all of the following properties:
(a) high MRR of barrier layer, (b) low MRR of copper layer, (¢) low MRR of low-k
or ultra-low-k materials, (d) high selectivity for barrier layer over copper layer with
regard to MRR, (e) high selectivity for barrier layer over low-k and ultra-low-k
materials with regard to MRR. Most particularly, as far as copper layers, tantalum
or tantalum nitride layers and low-k or ultra-low-k materials are present in the
substrate to be polished, the CMP composition of the invention should show the
combination of as many as possible of the following properties: (@’ ) high MRR
of tantalum or tantalum nitride, (b> ) low MRR of copper layer, (¢’ ) low MRR of
low-k or ultra-low-k materials, (d° ) high selectivity for tantalum or tantalum ni-
tride over copper with regard to MRR, and (e’ ) high selectivity for tantalum
nitride over low-k or ultra-low-k materials with regard to MRR.

The present invention further relates to a process for the manufacture of a semi-
conductor device comprising chemical mechanical polishing of a substrate in the
presence of a chemical mechanical polishing (CMP) composition according to the
invention as defined above. In said process according to the invention, the sub-
strate to be polished preferably comprises a surface region consisting of tantalum
or of a tantalum alloy or tantalum nitride and/or a surface region consisting of
copper or of a copper alloy.

The invention is hereinafter further illustrated by means of examples and compar-
ison examples.
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Examples and Comparative Examples

Synthesis of corrosion inhibitors (A)

Substituted BTA derivatives were synthesized according to or analogous to litera-
ture (El-Hamouly, W. S.; Abd-Allah, Sh. M.; Tawfik, H. A., Egyptian Journal of
Chemistry (2004), 47(3), 333-343.)

The general reaction scheme is as follows:

R1 NH, NaNO, R1 N
>

R2 NH, HOAC RD N

General experimental procedure:

In a 250 mL four-necked flask with mechanical stirrer, thermometer, reflux con-
denser, nitrogen inlet and bubble counter, the respective o-diaminobenzene
(0.031 mol) (formula 1a) was added portionwise to glacial acetic acid (50 mL)
under an atmosphere of nitrogen. The resulting slurry was cooled to 4 °C in an
ice-bath. A solution of sodium nitrite (2.24 g, 0.032 mol) in water (6 mL) was
added dropwise over 40 min while maintaining the temperature of the reaction
mixture < 10 °C. The resulting slurry was warmed to room temperature and
stirred until analysis for free HNO; using Kl/amylose test paper was negative and
no starting material was visible in thin layer chromatography (16 h).

The working-up procedures of the compounds of formula (1) used in examples 8-
11 and 13 (see table 1 below) are as follows:

5-bromo-1H-benzotriazole R'=Br R2=H (Example 8)

The resulting slurry was filtered; the solid residue washed with water (100 mL)
and the resulting solid was further purified by recrystallization from ethanol
(20 mL). The product was dried for 24 h at 50 °C and 5 mbar and obtained as off-
white solid. Yield: 67 %.
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1H-NMR (500 MHz, ds-DMSO)3 =8.20 (d, J=1.7Hz, 1H, H-4), 7.91 (d,
J=8.8Hz, 1H, H-7),7.57 (dd, J= 1.7 Hz, J = 8.8 Hz, 1 H, H-6) ppm.

5-tert-butyl-1H-benzotriazole R' =t-Bu R2=H (Example 9)

To the resulting solution, water (70 mL) was added whereupon an oily phase
separated from the solution. The oil was collected and the aqueous layer extract-
ed with CH2Cl; (3 x 30 mL). The combined organic layers were washed with a
solution of sodium bicarbonate (15 wt% in water, 2 x 100 mL) and brine (10 mL),
dried over magnesium sulfate, filtered and evaporated. The product was obtained
as an oily liquid that crystallized upon standing. Yield: 92 %.

1H-NMR (500 MHz, CDCl) & = 15.74-10.98 (brs, 1 H, NH), 7.91-7.88 (m, 2 H,
H-4, H-7), 7.54-7,52 (m, 1 H, H-6) ppm.

MS (EI): m/z calcd. for C1gH13N3 175; found 175.

5-(benzoyl)-1H-benzotriazole R'=Bz R2=H (Example 10)

The resulting slurry was filtered; the solid residue washed with water (100 mL)
and the resulting solid was further purified by recrystallization from ethanol
(20 mL). The product was dried for 24 h at 50 °C and 5 mbar and obtained as off-
white solid. Yield: 91 %. Purity (HPLC): 99.74%.

1H-NMR (500 MHz, ds-DMSO)3 =16.77-15.14 (brs, 1H, NH), 872 (d,
J=13Hz, 1H, H-4), 804 (d, J=88Hz, 1H, H-7), 7.88 (dd, J=1.3 Hz,
J=88Hz, 1H, H-B), 7.81-7.79 (m, 2 H, H-2" , H-6 ), 7.73-7.70 (m, 1 H, H-
4 ),7.61-7.58 (m, 1 H,H-3' ,H-5" ) ppm.

5,6-dibromo-1H-benzotriazole R' = Br R2 = Br (Example 11)

The resulting slurry was filtered; the solid residue washed with water (100 mL)
and the resulting solid was further purified by recrystallization from ethanol
(30 mL). The product was dried for 24 h at 50 °C and 5 mbar and obtained as
pale yellow solid. Yield: 83 %.

1H-NMR (500 MHz, ds-DMS0) 8 = 8.45 (s, 2 H, H-4, H-7) ppm.

MS (El): m/z calcd. for CsHz BroNs 275; found 275.
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5-sec-butyl-1H-benzotriazole R' = sec-Bu R2=H (Example 13)

To the resulting solution, water (70 mL) was added whereupon an oily phase
separated from the solution. The oil was collected and the aqueous layer extract-
ed with CHxCl, (3 x 30 mL). The combined organic layers were washed with a
solution of sodium bicarbonate (15 wt% in water, 2 x 100 mL) and brine (10 mL),
dried over magnesium sulfate, filtered and evaporated. The product was obtained
as an off-white solid. Yield: 94 %.

1H-NMR (500 MHz, ds-DMS0) & = 15.54 (brs, 1 H, NH), 7.95-7.26 (m, 3 H, H-4,
H-7, H-6), 2.79 (m, 1 H, CH), 1.63 (m, 2 H, CHz), 1.26 (d, J=6.9 Hz, 3 H, CHa),
0.78 (t, J = 14.7 Hz, 3 H, CHs) ppm.

Due to tautomerism, each substituted BTA having a substitutent in 5-position
includes the corresponding tautomer (corresponding substituted BTA having said
substitutent in 6-position).

A mixture of 4- and 5-Methyl-1H-benzotriazole (Comparative Example 2) is com-
mercially available e.g. from BASF SE as Irgamet™ TTZ.

5-chloro-1H-benzotriazole (Example 12) is commercially available.

4,5,6,7-Tetrahydro-1H-benzotriazole (Example 14) is commercially available e.g.
from BASF SE as Irgamet™ SBT 75.

General procedure for the 50 mm CMP experiments

Several comparative CMP compositions (Comparative Examples 1-7) and CMP
compositions according to the invention (Examples 8-14) were used for polishing
high purity copper and tantalum disks of 50 mm (2 inch) diameter (received from
Kamis) using a MetPrep 4™ table Grinding/Polishing machine from Allied
Hightech.

down pressure: 1.9 psi (6 Ibf);
polishing table / carrier speed: 150/ 110 rpm;
slurry flow rate: 120 ml / min;

time polishing step: 60 s;

polishing pad: Fujibo H800 NW;
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pad conditioning (ex situ): pad is conditioned manually by several
sweeps with a brush

rinse: 10 sec. water

After polishing the disks are rinsed with de-ionized water for 30 seconds and
dried with nitrogen gas.

For the determination of removal rates at least three disks are polished and the
data obtained from these experiments are averaged.

The material removal rates (MRR) are determined by difference of weight of the
blanket metal discs before and after polishing, using Mettler Toledo XP 205
DeltaRange scale. The difference of weight can be converted into the difference
of film thickness:

8 o3
iR

MRR = ————— [A/min}
R va—

TR GRE
Density : 8.94 g/cm? for copper
16.65 g/cm? for tantalum

Surface area:  19.635 cm?
The results of the tests are given in the table 1 below.

Slurry Preparation:

Stock solutions

Since some chemicals do not dissolve easily in water, stock solutions are pre-
pared in advance.

Corrosion inhibitor: 1 wt-% in water
Nonionic surfactant: 10 wt-% in water
alcohol: 10 wt-% in water
Buffer 25 wt-% in water
KOH: 10 wt-% in water
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Preparation of 2.5 kg slurry

First 1500 g de-ionized water are added into a beaker, followed by the addition of
20 g malonic acid and the mixture is stirred until the acid is dissolved. KOH (10
wt-% in water) is added to adjust the pH to 7. Then 62.5 g corrosion inhibitor
solution (1 wt-% in water), 160 g propylene glycol solution (10 wt-% in water), 2.5
g non-ionic surfactant solution (10 wt-% in water) are added. If present, 40 g
potassium carbonate (25 wt-% in water) are added and pH adjusted to pH 11 by
adding KOH (10 wt-% in water), followed by the slow addition of 250 g silica
dispersion Fuso PL-3 (20 wt-% commercial product). KOH is added to readjust
pH to 10.5, the remaining water is added to final weight 2400 g .The formulation
is stirred for 15 min in a sealed beaker.

Prior to polishing, 100 g hydrogen peroxide (31 wt-%) is added to the formulation
and stirred for 10 minutes.
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In contrast to the CMP compositions of comparative examples 1-7, in the above-
described CMP experiments the CMP compositions of examples 8-14 according
to the present invention exhibit

(a) a material removal rate (MRR) of tantalum or tantalum nitride of 500 A/min
or more

and
(b) a material removal rate (MRR) of copper of 88 A/min or less
and

(c) aselectivity for tantalum or tantalum nitride over copper with regard to the
MRR of 6.6 or more.

In the CMP compositions of comparative examples 15-20 which contain calcium
ions in a concentration exceeding the upper limit for the CMP compositions of the
present invention (1 ppm based on the total weight of the respective CMP com-
position), a phase separation occurred within 5 hours. Thus, no polishing data
could be obtained.

Stability test

200 mL slurry of each example according to the invention (examples 8 — 14)
were put in an oven and stored for 14 days at 60°C, pH and mean particle size
were measured in dependence of the time

pH: Knick Portamess 911xpH, electrode: Schott instruments Blue Line 28
pH

Calibration: Bernd Kraft GmbH (pH4 - Art.Nr. 03083.3000 and pH7 - Art.Nr.
03086.3000)

MPS: Malvern Instruments GmbH, HPPS 5001

For the examples according to the invention (examples 8 — 14), no significant
change of the particle size has been observed.
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Claims

Chemical-mechanical polishing (CMP) composition comprising

(A) one or more compounds selected from the group consisting of
5-bromo-1H-benzotriazole,

5-tert-butyl-1H-benzotriazole,

5-(benzoyl)-1H-benzotriazole,

5,6-dibrome-1H-benzotriazole,

5-chloro-1H-benzotriazole,

5-sec-butyl-1H-benzotriazole,

4,5,6,7-tetrahydro-1H-benzotriazole,

(B) inorganic particles, organic particles, or a composite or mixture thereof, and
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() one or more buffers

wherein the one or at least one of the more than one buffers of constituent (1) is se-
lected from the group consisting of potassium carbonate or potassium hydrogen
carbonate, and

wherein the total amount of cations selected from the group consisting of magnesium and
calcium is less than 1 ppm based on the total weight of the respective CMP composition,
and

wherein the total amount of one or more compounds of constituent (A) is in a range of
0.0001 wt% to 1 wt% based on the total weight of the respective CMP composition, and
the particles (B) are cocoon shaped.

Chemical-mechanical polishing (CMP) composition according to claim 1, wherein the par-
ticles of constituent (B) are particles selected from the group consisting of alumina, ceria,
copper oxide, iron oxide, nickel oxide, manganese oxide, silica, silicon nitride, silicon car-
bide, tin oxide, titania, titanium carbide, tungsten oxide, yttrium oxide, zirconia and mix-
tures and composites thereof.

Chemical-mechanical polishing (CMP) composition according to claim 1 or 2, further com-
prising

(C) one or more complexing agents selected from the group consisting of inorganic ac-
ids and their salts and organic acids and their salts.

Chemical-mechanical polishing (CMP) composition according to any preceding claim, fur-
ther comprising

(D) one or more non-ionic surfactants

wherein the one or at least one of the more than one non-ionic surfaétants of constituent
(D) is preferably selected from the group consisting of amphiphilic non-ionic surfactants.
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Chemical-mechanical polishing (CMP) composition according to any preceding claim,
further comprising
(E) one or more alcohols

wherein the one or at least one of the more than one alcohols of constituent (E) is prefer-
ably selected from the group consisting of ethanediol (ethylene glycol), propanediol (pro-
pylene glycel) and butanediol (butylene glycol).
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Chemical-mechanical polishing (CMP) composition according to any preceding claim, fur-
ther comprising

(F) one or more oxidizing agents

wherein the one or at least one of the more than one oxidizing agents of constituent (F) is
preferably selected from the group consisting of peroxides, persulfates, perchlorates, per-
bromates, periodates and permanganates.

Chemical mechanical polishing (CMP) composition according to any preceding claim hav-
ing a pH value in the range of from 6 to 14, more preferably from 7 to 13, most preferably
from 8 to 12.

Chemical-mechanical polishing (CMP) composition according to claim 7,

comprising

(H) one or more pH adjusting agents mixed

with the constituents (A), (B) and optionally one, more or all of constituents (C), (D), (E),
(F) and (I) of the chemical-mechanical polishing composition

wherein the one or at least one of the more than one pH adjusting agents (H) is preferably
selected from the group consisting of nitric acid, sulfuric acid, ammonia, tetrame-
thylammonium hydroxide, sodium hydroxide and potassium hydroxide.

Chemical mechanical polishing (CMP) composition according to any preceding claim,
comprising

(B) a total amount of inorganic particles, organic particles, or a composite or mixture
thereof in a range of from 0.002 to 10 wt.-% based on the total weight of the respec-
tive CMP composition,

and/or
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(C) a total amount of one or more complexing agents selected from the group of organic
acids and salts thereof in a range of from 0.001 to 10 wt.-% based on the total
weight of the respective CMP composition,

and/or

(D) a total amount of one or more non-ionic surfactants in a range of from 0.00001 to 10
wt.-% based on the total weight of the respective CMP composition,

and/or

(E) a total amount of one or more alcohols in a range of from 0.001 to 10 wt.-% based
on the total weight of the respective CMP composition,

and/or

(F) a total amount of one or more oxidizing agents in a range of from 0.01 to 20 wt.-%
based on the total weight of the respective CMP composition,

and/ar

(I)  a total amount of one or more buffers in a range of from 0.001 to 10 wt.-% based on
the total weight of the respective CMP composition.

Chemical mechanical polishing (CMP) composition according to any preceding claim,
wherein the CMP composition contains cations selected from the group consisting of
magnesium and calcium in a total amount of less than 0.9 ppm based on the total weight
of the respective CMP composition, preferably in an amount of less than 0.5 ppm based
on the total weight of the respective CMP composition, and most preferably does not con-
tain any cations selected from the group consisting of magnesium and calcium.

A process for the manufacture of a semiconductor device comprising chemical mechani-
cal polishing of a substrate in the presence of a chemical mechanical polishing (CMP)
composition as defined in any of claims 1 to 10.

12. The process according to claim 11, wherein the substrate comprises a surface region con-

sisting of tantalum or tantalum nitride or of a tantalum alloy and/or a surface region con-
sisting of copper or of a copper alloy.
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Use of a compound selected from the group consisting of

5-bromo-1H-benzotriazole,
5-tert-butyl-1H-benzotriazole,
5-(benzoyl)-1H-benzotriazole,
5,6-dibromo-1H-benzotriazole,
5-chloro-1H-benzotriazole,
5-sec-butyl-1H-benzotriazole,

4,5,6,7-tetrahydro-1H-benzotriazole,

for increasing the selectivity of a chemical mechanical polishing (CMP) composition for the
removal of tantalum or tantalum nitride from a substrate for the manufacture of a semi-
conductor device in the presence of copper on said substrate.



	pg1
	pg2
	pg3
	pg4
	pg5-5b
	pg6
	pg7
	pg8
	pg8a
	pg9-42
	25458SG147 allowed claims



