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CHEMICAL MECHANICAL POLISHING (CMP) COMPOSITION FOR HIGH EFFECTIVE
POLISHING OF SUBSTRATES COMPRISING GERMANIUM

Description

This invention is in the field of chemical mechanical polishing (also abbreviated as CMP in the
following). More specifically it relates to a CMP composition for the polishing of germanium
comprising substrates.

In the semiconductor industry, chemical mechanical polishing is a well-known technology ap-
plied 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 industry, CMP is em-
ployed to planarize metal, semiconducting material and/or oxide surfaces.

CMP utilizes the interaction of chemical and mechanical action to achieve the planarity of the to-
be-polished surfaces. Chemical action is provided by a chemical composition, also referred to
as CMP composition or CMP slurry. A variety of different chemical additives can be used during
planarization. Oxidizers are applied to oxidize the metal- / semimetal surface to alleviate the
material removal. On the other hand a controllable material removal is aimed at. The material
removal shall proceed controlled mechanically and not by isotropic chemical etching. To avoid
or minimize said isotropic chemical etching, etching / corrosion inhibitors can be added to the
CMP composition. For example in the field of copper CMP triazoles and benzotriazoles as cor-
rosion inhibitors are well described in the art.

Mechanical action is usually carried out by a polishing pad which is typically pressed onto the
to-be-polished surface and mounted on a moveable platen. During the polishing action the plat-
en is moved. 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 composition is usually applied between the to-be-polished wafer
and the polishing pad.

In the state of the art, CMP compositions comprising abrasive particles, an additive and water,
wherein the CMP compositions have an acidic pH and were used for the polishing of metal con-
taining surfaces are known and described for instance, in the following references.

US 7,897,061 B2 discloses a chemical-mechanical polishing (CMP) composition for polishing a
phase change alloy-containing substrate. Said composition comprises a particulate abrasive
material in an amount of not more than about three percent by weight and at least one chelating
agent.
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WO 2013/018015 discloses a process for the manufacture of semiconductor devices comprising
the chemical mechanical polishing of elemental germanium and/or Si1xGex material in the pres-
ence of a chemical mechanical polishing (CMP) composition which comprises inorganic parti-
cles, organic particles, or a mixture or composite thereof. In addition to an oxidizing agent at
least one type of an organic compound is comprised.

WO 2013/018016 discloses a process for the manufacture of semiconductor devices comprising
the chemical mechanical polishing of elemental germanium and/or Si1xGex material in the pres-
ence of a chemical mechanical polishing (CMP) composition having a pH value in the range of
from 3.0 to 5.5. In addition to silica particles hydrogen peroxide as oxidizing agent is comprised
in the examples.

US 8 540 894 B2 discloses a polishing composition consisting essentially of a pH regulator, a
water-soluble polymer compound, and a compound containing an alkylene diamine structure
having two nitrogens and having at least one block type polyether bonded to at least one of the
two nitrogens of the alkylene structure, the block type polyether having a band of an oxyeth-
ylene group and an oxypropylene group. By containing such a compound, foaming of the polish-
ing composition is suppressed by defoamability, and additionally surface properties particularly
after polishing, such as light point defects and surface fog, can be improved.

One of the objects of the present invention was to provide a CMP composition. In particular a
CMP composition was sought showing an improved etching behavior combined with an effec-
tive polishing performance, especially

(i)  a high material removal rate (MRR) of the substrate to be preferably polished, for example
elemental germanium

(i)  a high selectivity of germanium and/or Sii«Gex to silicon dioxide (Ge and/or Si1xGex:SiO-
selectivity)

(i) alow static etching rate (SER) of germanium and/or SiyxGex,

(iv) the combination of (i), (ii), (iii).

Furthermore, a CMP composition was aimed at which is a stable formulation or dispersion.

A further object of the present invention was to provide a CMP process appropriate for the
chemical-mechanical polishing of substrates comprising elemental germanium or SixGex with
0.1<sx<1.

Moreover, a CMP process was sought that is easy to apply and requires as few steps as possi-

ble.

Accordingly, a chemical mechanical polishing (CMP) composition (Q) was found comprising
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(A) inorganic particles,
(B) a compound of general formula (1)
(R%)
R R, AR R, ()

RY-(RY (RO (RO),

and wherein the indices and the variables have the following meaning:

Xis CH2N, CH2CH2N, CH2CH2CH2N, CH>CH2CH2CH2N, CH,CH2, CH.CH,
CH2CH2CH, C=0 or CH2CH>0 wherein X is bonded by the carbon atom of the
respective group to the nitrogen

R1, Rz, Rs, R4, Rs, Rs, R7, Rs and Rg are independently from each other O-, H,OH,
COO-, COONa, CH, CH3, CHs, CH2CHa, C1-Cyo-alkyl, C2-Cyo-alkenyl with at least
one carbon carbon double bond, C+-Cyp-alkyl-acyl, C>-Cao-alkenyl-acyl,

CH>CH;0OH, OHCHCHOH, CH>COO-, CH,COONa, CH>CH20 or CH,CH(CH>)O,

uandtareOor1,

I, m, 0, q, and s are an integer within a range of from O to 5and n, p and r are an
integer within a range of from 1 to 5 for a compound according to formula (I) hav-
ing no polymeric polyether chain in the structure

I, m, 0, g and s are an integer within a range of from 0 to 500 and n, p and r are
an integer within a range of from 1 to 500 for a compound according to formula (I)
having at least one polymeric polyether chain in the structure

when u is at least one and X is C=0 or CH,CH-0, then |l orr are zeroor | and r
are zero,

when u is one and X is CHzN, CH2CH2N, CH2CH2CH2N, CH2CH2CH2CH2N,

CH,CH;, CH,CH, CH,CH,CH, then | or r are at least one or | and r are at least
one,

or a salt thereof,

(C) an agueous medium

wherein the composition (Q) has a pH of from 2 to 6.
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Moreover, the use of the CMP composition (Q) for chemical mechanical polishing of substrates
(S) which are used in the semiconductor industry was found, which fulfills the objects of the in-
vention, wherein the substrate (S) comprises (i) elemental germanium or (i) SitxGex with 0.1 < x
<1.

Further, a process for the manufacture of a semiconductor device comprising the chemical-
mechanical polishing of a substrate (S) used in the semiconductor industry in the presence of
the CMP composition (Q) was found, which fulfills the objects of the invention, wherein the sub-
strate (S) comprises (i) elemental germanium or (ii) Sii«Gex with 0.1 £ x < 1.

Preferred embodiments are explained in the claims and the specification. It is understood that
combinations of preferred embodiments are within the scope of the present invention.

According to the invention, the CMP composition comprises inorganic particles (A).

(A) can be

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

- a mixture of inorganic particles.

Generally, the chemical nature of particles (A) is not particularly limited. (A) may be of the same
chemical nature or a mixture of particles of different chemical nature. As a rule, particles (A) of
the same chemical nature are preferred.

Generally, (A) can be

- of one type of colloidal inorganic particles,

- of one type of fumed inorganic particles,

- a mixture of different types of colloidal and/or fumed inorganic particles,

Generally, colloidal inorganic particles are inorganic particles which are produced by a wet pre-
cipitation or condensation process; fumed inorganic particles are produced by high temperature
flame hydrolysis of for example metal chloride precursor with hydrogen in the presence of oxy-
gen, for example using the Aerosil® process.

Preferably, inorganic particles (A) are colloidal or fumed inorganic particles or a mixture thereof.
Among them, oxides and carbides of metals or metalloids are preferred. More preferably, parti-
cles (A) are alumina, ceria, copper oxide, iron oxide, nickel oxide, manganese oxide, silica, sili-
con nitride, silicon carbide, tin oxide, titania, titanium carbide, tungsten oxide, yttrium oxide, zir-
conia, or mixtures or composites thereof. Most preferably, particles (A) are alumina, ceria, silica,
titania, zirconia, or mixtures or composites thereof. In particular, (A) are silica particles. For ex-
ample, (A) are colloidal silica particles.
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As used herein, the term "colloidal silica" refers to silicon dioxide that has been prepared by
condensation polymerization of Si(OH)4. The precursor Si(OH)4 can be obtained, for example,
by hydrolysis of high purity alkoxysilanes, or by acidification of aqueous silicate solutions. Such
colloidal silica can be prepared in accordance with U.S. Pat. No. 5,230,833 or can be obtained
as any of various commercially available products, such as the Fuso PL-1, PL-2, and PL-3
products, and the Nalco 1050, 2327 and 2329 products, as well as other similar products avail-
able from DuPont, Bayer, Applied Research, Nissan Chemical, Nyacol and Clariant.

Preferably the amount of (A) in the CMP composition (Q) is not more than 10 wt.%, more pref-
erably not more than 5.0 wt.%, most preferably not more than 3.0 wt.%, particularly not more
than 2.5 wt.%, based on the total weight of the composition (Q). Preferably, the amount of (A) is
at least 0.05 wt.%, more preferably at least 0.1 wt.%, most preferably at least 0.5 wt.%, particu-
larly at least 0.8 wt.%, based on the total weight of the composition (Q). For example the
amount of (A) can be in the range of from 0.08 wt.% to 3.2 wt.%.

Generally, the particles (A) can be contained in varying particle size distributions. The particle
size distributions of the particles (A) can be monomodal or multimodal. In case of multimodal
particle size distributions, 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 (A). It is most preferred for (A) to have a
monomodal particle size distribution.

The mean particle size of the particles (A) can vary within a wide range. The mean particle size
is the dso value of the particle size distribution of (A) in the aqueous medium (M) and can be
measured for example using dynamic light scattering (DLS) or static light scattering (SLS)
methods. These and other methods are well known in the art, see e.g. Kuntzsch, Timo; Witnik,
Ulrike; Hollatz, Michael Stintz; Ripperger, Siegfried; Characterization of Slurries Used for Chem-
ical-Mechanical Polishing (CMP) in the Semiconductor Industry; Chem. Eng. Technol; 26
(2003), volume 12, page 1235.

For DLS, typically a Malvern Zetasizer Nano S (DLS, dynamic light scattering measurement
according to manual) or any other such instrument is used. This technique measures the hydro-
dynamic diameter of the particles as they scatter a laser light source (A = 650 nm), detected at
an angle of 90° or 173° to the incoming light. Variations in the intensity of the scattered light are
due to the random Brownian motion of the particles as they move through the incident beam
and are monitored as a function of time. Autocorrelation functions performed by the instrument
as a function of delay time are used to extract decay constants; smaller particles move with
higher velocity through the incident beam and correspond to faster decays.

These decay constants are proportional to the diffusion coefficient, D, of the particle and are
used to calculate particle size (diameter) Dy, according to the Stokes-Einstein equation:

kT
i,

b, =

7

A
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where the suspended particles are assumed to (1) have a spherical morphology and (2) be uni-
formly dispersed (i.e. not agglomerated) throughout the aqueous medium (M). This relationship
is expected to hold true for particle dispersions that contain lower than 1% by weight of solids as
there are no significant deviations in the viscosity 77 of the aqueous dispersant (M), in which 7=
0.96 mPaes (at Temperature 7 = 22 °C). The particle size distribution of the inorganic particle
(A) dispersion is usually measured in a plastic cuvette at 0.1 to 1.0 % solid concentration and
dilution, if necessary, is carried out with the dispersion medium or ultra-pure water.

Preferably, the mean particle size of the particles (A) is in the range of from 20 to 200 nm, more
preferably in the range of from 25 to 180 nm, most preferably in the range of from 30 to 170 nm,
particularly preferably in the range of from 40 to 160 nm, and in particular in the range of from
45 to 150 nm, as measured with dynamic light scattering techniques using instruments for ex-
ample a High Performance Particle Sizer for example Zetasizer Nano S from Malvern Instru-
ments, Ltd. or Horiba LB550.

The BET surface determined according to DIN ISO 9277:2010-09 of the particles (A) can vary
within a wide range. Preferably, the BET surface of the particles (A) is in the range of from 1 to
500 m2/g, more preferably in the range of from 5 to 250 m2/g, most preferably in the range of
from 10 to 100 m2/g, in particular in the range of from 20 to 90 m#/g, for example in the range of
from 25 to 85 m?/g.

The particles (A) can be of various shapes. Thereby, the particles (A) may be of one or essen-
tially only one type of shape. However, it is also possible that the particles (A) have different
shapes. For instance, two types of differently shaped particles (A) may be present. For exam-
ple, (A) can have the shape of cubes, cubes with bevelled edges, octahedrons, icosahedrons,
cocoons, nodules or spheres with or without protrusions or indentations. Preferably, they are
essentially spherical, whereby typically these have protrusions or indentations.

According to another embodiment, the inorganic particles (A) are preferably cocoon-shaped.
The cocoons may be with or without protrusions or indentations. Cocoon-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 co-
coon-shaped particles is explained hereinbelow with reference to figures 1 to 4.
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The shape factor gives information on the shape and the indentations of an individual particle
(see figure 1) and can be calculated according to the following formula:

shape factor = 41 (area / perimeter?)

The shape factor of a spheric particle without indentations is 1. The value of shape factor de-
creases 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 particle:

sphericity = (Mxx — Myy)-[4 My + (Myy-M)2]%5 7 (M = Myy)+[4 M2 + (Myy-My)2]0
elongation = (1 / sphericity)®®

wherein

Myx = Z (X-Xmean)? /N

Myy = Z (Y-Ymean)® /N

Myy = 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).

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 Scanning Electron Microscopy secondary electron image (SEM-
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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 Corpo-
ration having an average primary particle size (d1) of 35 nm and an average secondary particle
size (d2) of 70 nm.

The organic moieties mentioned in the definition of the variables R?, R2, R?, R4, R5, R¢, R7, R®
and R? are - terms for individual enumerations of the individual group members. All hydrocarbon
chains, i.e. all alkyl or alkenyl or alkyl-acyl or alkenyl-acyl can be straight-chain or branched, the
prefix Ch-Cm denoting in each case the possible number of carbon atoms in the group. It is to be
understood that C,-Cy, is not restricted to the members with m and n but also includes all integer
between n and m,

example of such meanings are:

C1-Cao-alkyl for example CHs, CzHs CsHz, CsHg, CsHi11, CeH1s, C7H1s, CsHi7, CoH1g, CioHo1,
Ci1Ha23, Ci2H2s, C13H27, C1aHa9, CisH31, CieHas, C17H3s, C1sHa7, C1gHae, CooHas.

C2-Cao-alkenyl for example C2Hs CsHs C4H7z, CsHe, CeH11, C7H13, CsHis, CoH17, C1oH1g, C11Ha1,
Ci2H23, Cy3Ha2s, C1aH27, C1sH2g, CisHa1, C17H33, CigHas, C1gHa7, CooHag.

C+-Cyo-alkyl-acyl for example CHz-acyl, C;Hs-acyl CsHe-acyl CsHs-acyl, CsHio-acyl, CsHiz-acyl,
CyH14—acyI, CgH16-acyI, C9H15—acyl, C10Hzo—acyl, C11H22-acyl, C12H24—acyl, C13H26—acyl, C14H25-
acyl, C15H30—acyl, C15H32—acyl, C17H34—acyl, C18H36—acyl, C19H38—acyl, Con4o—acyl.

C,-Cyo-alkenyl-acyl for example C;Hz-acyl CsHgs-acyl CsHs-acyl, CsHs-acyl, CsH1o-acyl, C7H12-
acyl, C8H14—acyl, C9H16—acyl, C10H18—acyl, C11H20—acyl, C12H22—acyl, C13H24—acyl, C14Hze—acyl,
C15H28—acyl, C16H30—acyl, C17H32—acyl, C13H34—acyl, C19H36—acyl, Consg—acyI.

According to the invention, the CMP composition comprises at least one compound (B) of gen-
eral formula (1).

(Re),
X N ()
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R' may preferably be O-, H,OH, COO-, COONa, CH, CH», CH3, CH2CH3, C4-Cyp-alkyl, C2-Cyo-
alkenyl with at least one carbon carbon double bond, C+-Cye-alkyl-acyl, C,-Cy-alkenyl -acyl,
CH>CH2>0OH, OHCHCHOH, CH,COO-, CH,COONa, CH2CH20 or CH,CH(CH3)O,
more preferably R' may be H,OH, CH, CH», CH3, CH,CHs, Cs-Cys-alkyl, Cs-Cqs-alkenyl with at
least one carbon carbon double bond, Cs-C+s-alkyl-acyl, Cs-Cqs-alkenyl-acyl, CH,CH,OH,
CH2COO-, CH2CH20 or CH2CH(CH3)O,
most preferably R' may be H, CH, CHz, CH3, CH2CH3;, Cs-C1s-alkyl, Cs-C1s-alkenyl with at least
one carbon carbon double bond, Cs-Cs-alkyl-acyl, Cs-C1s-alkenyl-acyl, CH,CH;OH, CH,COO-,
CH2CH20 or CH2CH(CH3)0O,
particular preferably R" may be H, CH», Cs-C1s-alkyl, Cs-C1s-alkenyl with at least one carbon
carbon double bond, CH2CH>0 or CH.CH(CH3)O.

R2 may preferably be O-, H,OH, COO-, COONa, CH, CH2, CH3, CH2CHa, C1-Cgo-alkyl, C2-Coo-
alkenyl with at least one carbon carbon double bond, C4-Cys-alkyl-acyl, Co-Cac-alkenyl-acyl,
CH2CH>OH, OHCHCHOH, CH,COO-, CH,COONa, CH,CH>0 or CH,CH(CH?3)O,

more preferably R2 may be H,OH, CH3s, CH2CHs, Cs-Cqs-alkyl, Cs-C1s-alkenyl with at least one
carbon carbon double bond, Cs-C+s-alkyl-acyl, Cs-C1s-alkenyl-acyl, CH,CH,OH, CH,COO:-,
CH2CH20 or CH2CH(CH3)0O,

most preferably R2 may be H,OH, CH3s, CH2CHs, Cs-C1s-alkyl, Cs-C1s-alkenyl with at least one
carbon carbon double bond, CH,CH;OH, CH2CH>0 or CH,CH(CH>)O,

particular preferably RZ may be H,OH, CH>CH>OH, CH,CH;0 or CH>,CH(CH3)O.

R?® may preferably be O-, H,OH, COO-, COONa, CH, CHz, CH3s, CH2CHa, C1-Cys-alkyl, C2-Coo-
alkenyl with at least one carbon carbon double bond, C¢-Cys-alkyl-acyl, C,-Cao-alkenyl -acyl,
CH2CH20H, OHCHCHOH, CH2COO-, CH2,COONa, CH2CH»0 or CH,CH(CH3)O,

more preferably R® may be H,OH, CH, CH», CH3s, CH2CHa, Cs-C1s-alkyl, Cs-Cis-alkenyl with at
least one carbon carbon double bond, Cs-Cys-alkyl-acyl, Cs-Cis-alkenyl-acyl, CH,CH2OH,
CH2COO-, CH2CH20 or CH2CH(CH3)O,

most preferably R® may be H, CH, CHj, CH3, CH2CHa;, Cs-C1s-alkyl, Cs-C1s-alkenyl with at least
one carbon carbon double bond, CH2CH,OH, CH,CH>0 or CH,CH(CH3)O,

particular preferably R® may be H, CH;, CHs, CH2CH20 or CH2CH(CH3)O.

R4 may preferably be O-, H,OH, COO-, COONa, CH, CHz, CH3s, CH2CHa, C4-Cys-alkyl, C2-Cyo-
alkenyl with at least one carbon carbon double bond, C¢-Cys-alkyl-acyl, C,-Cae-alkenyl -acyl,
CH>CH2>0OH, OHCHCHOH, CH,COO-, CH,COONa, CH,CH20 or CH,CH(CH3)O,

more preferably R4 may be H,OH, COONa, CH>, CHs, Cs-Cqs-alkyl, Cs.C1s-alkenyl with at least
one carbon carbon double bond, Cs-C1s-alkyl-acyl, Cs-Cs-alkenyl-acyl, CH,CH2OH, CH,COO-,
CH>COONa, CH2CH20 or CH2CH(CH3)O,

most preferably R* may be H,OH, Cs-Cqs-alkyl, Cs-C1s-alkenyl with at least one carbon carbon
double bond, Cs-Cs-alkyl-acyl, Cs-C1s-alkenyl-acyl, CH,CH,OH, CH,COOQO-, CH,COONa,
CH2CH20 or CH,CH(CH3)O,
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particular preferably R4 may be H,OH, Cs-C1s-alkyl, Cs-C1s-alkenyl with at least one carbon car-
bon double bond, Cs-C1s-alkyl-acyl, Cs-C+s-alkenyl-acyl, CH,COONa, CH,CH0 or
CH2CH(CH3)0O,

R% may preferably be O-, H,OH, COO-, COONa, CH, CH», CH3, CH2CH3, C1-Cyp-alkyl, C2-Cgo-
alkenyl with at least one carbon carbon double bond, C+-Cye-alkyl-acyl, C,-Cy-alkenyl -acyl,
CH>CH>0OH, OHCHCHOH, CH,COO-, CH,COONa, CH2CH20 or CH,CH(CH3)O,

more preferably RS may be H,OH, COO-, COONa, CH, CH3, CH3s, CH,CH3, Cs-Cys-alkyl, Cs-C1s-
alkenyl with at least one carbon carbon double bond, Cs-C1s-alkyl-acyl, Cs-Cis-alkenyl-acyl,
CH2CH20H, CH,COO-, CH,COONa, CH>CH20 or CH2CH(CH3)O,

most preferably RS may be H, COO-, COONa, CH,, CHs, Cs-Cqs-alkyl, Cs-C1s-alkenyl with at
least one carbon carbon double bond, CH,CH,OH, CH,COO-, CH,COONa, CH,CH20 or
CH2CH(CH>)O,

particular preferably R® may be H, CH,, CHs, CH,COO-, CH,COONa, CH,CH2O or
CH2CH(CHs5)O.

R® may preferably be O-, H,OH, COO-, COONa, CH, CH>, CH3, CH2CH3, C4-Cap-alkyl, Co-Coo-
alkenyl with at least one carbon carbon double bond, C-Cyg-alkyl-acyl, C>-Co-alkenyl -acyl,
CH>CH>0OH, OHCHCHOH, CH2COO-, CH,COONa, CH2CH20 or CH,CH(CH3)O,

more preferably R may be H,OH, COO-, CH3, CH2CH3;, Cs-Cqs-alkyl, Cs-Cqs-alkenyl with at least
one carbon carbon double bond, Cs-C1s-alkyl-acyl, Cs-Cis-alkenyl-acyl, CH,CH>OH, CH,COO-,
CH2CH20 or CH2CH(CH3)O,

most preferably R® may be H,OH, CH3, CH2CHs3, Cs-Cys-alkyl, Cs-C1s-alkenyl with at least one
carbon carbon double bond, Cs-C1s-alkyl-acyl, Cs-C+s-alkenyl-acyl, CH2CH,OH, CH2CH-O or
CH,CH(CH>)O,

particular preferably R® may be H,OH, Cgs-C+s-alkyl, Cs-Cis-alkenyl with at least one carbon car-
bon double bond, Cs-C+s-alkyl-acyl, Cs-C4s-alkenyl-acyl, CHCH,OH, CH>CH-O or
CH,CH(CH>)O0,

R” may preferably be O-, H,OH, COO-, COONa, CH, CHz, CH3s, CH2CHa, C1-Cys-alkyl, C2-Cyo-
alkenyl with at least one carbon carbon double bond, C4-Cyg-alkyl-acyl, Co-Cao-alkenyl -acyl,
CH>CH>0OH, OHCHCHOH, CH,COO-, CH,COONa, CH,CH20 or CH,CH(CH3)O,

more preferably R” may be H,OH, COO-, CH, CH;, C4-Cy-alkyl, C>-Ca-alkenyl with at least one
carbon carbon double bond, C+-Cye-alkyl-acyl, C-Cye-alkenyl-acyl, OHCHCHOH, CH,COO:-,
CH2CH20 or CH,CH(CH3)0O,

most preferably R” may be H,OH, CH, CH;, C-Cyp-alkyl, C»-Cyo-alkenyl with at least one carbon
carbon double bond, C4-Cgs-alkyl-acyl, C>-Cog-alkenyl-acyl, OHCHCHOH, CH2CH20 or
CH2CH(CH3)0O,

particular preferably R” may be H,OH, Cs-C1s-alkyl, Cs-C1s-alkenyl with at least one carbon car-
bon double bond, Cs-C1s-alkyl-acyl, Cs-C4s-alkenyl-acyl, OHCHCHOH, CH,CH,O or
CH2CH(CH3)0O.
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R® may preferably be O-, H, OH, COO-, COONa, CH, CH;, CH3, CH2CH3, C1-Cyp-alkyl, C2-Cyo-
alkenyl with at least one carbon carbon double bond, C-Cye-alkyl-acyl, C,-Cy-alkenyl -acyl,
CH>CH2>0OH, OHCHCHOH, CH,COO-, CH,COONa, CH2CH20 or CH,CH(CH3)O,
more preferably R8 may be H,OH, C¢-Cy-alkyl, C,-Cyo-alkenyl with at least one carbon carbon
double bond, C+-Cyp-alkyl-acyl, C,-Cye-alkenyl-acyl, CH,COO-, CH,CH,0 or CH,CH(CH3)O,
most preferably R® may be H,OH, C4-Cyp-alkyl, C,-Cy-alkenyl with at least one carbon carbon
double bond, CH2CH>0O or CH,CH(CH3)O,
particular preferably R® may be H, C4-C1s-alkyl, Cs4-C1s-alkenyl with at least one carbon carbon
double bond, CH2CH>O or CH,CH(CH3)O.

R® may preferably be O-, H,OH, COO-, COONa, CH, CH>, CH3s, CH2CH3, C4-Cxp-alkyl, C2-Co-
alkenyl with at least one carbon carbon double bond, C+-Cys-alkyl-acyl, Co-Cao-alkenyl -acyl,
CH2CH>OH, OHCHCHOH, CH,COO-, CH,COONa, CH,CH>0 or CH,CH(CH?3)O,

more preferably R? may be O-, H, OH, CH3s, CH2CH3 or CH,COO:-,

most preferably R® may be O-, CH3, CH2CH3s or CH,COO-,

particular preferably R® may be O-, CHs or CH2CHs.

X preferably may be CHsN, CH2CH2N, CH2CH2CH2N, CH>,CH>CH>CH2N, CH, CH», CH,CH,
CH2CH2CH, C=0 or CH,CH-0,

more preferably X may be CH2CH2N, CH,CH2CHzN, CH2.CH2CH2CH2N, CH,CH3, CH2CH,
CH2CH2CH, C=0or CHchQO,

most preferably X may be CH2CH2N, CH,CH>CH3N, CH, CH>CH, CH,CH>CH, C=0 or
CH2CH20,

particular preferably X may be CH,CHzN, CH>CH2CH2N, CH, CH,CH, C=0 or CH,CH-O,

I, m, n,o,p,q, rands preferably may be a integer of from 0 to 5, more preferably I, m, n, o, p, q,
r and s may be a integer of from 0 to 4, most preferably I, m, n, o, p, g, r and s may be a integer
of from O to 3, particular preferably I, m, n, 0, p, g, r and s may be a integer of from 0 to 2, for
example 1, for a compound (B) according to formula (I) having no polymeric polyether chain in
the structure.

I, m, n, o, p,q, rands preferably may be a integer of from 0 to 500, more preferably I, m, n, o, p,
g, r and s may be a integer of from 0 to 300, most preferably I, m, n, o, p, g, rand s may be a
integer of from 0 to 200, particular preferably I, m, n, o, p, g, r and s may be a integer of from 0
to 100, for example 4, 6, 8, 10, 13, 17, 22, 25, 29, 33, 35, 37, 41, 47, 50, 54, 58, 62, 67, 71, 73,
78, 81, 84, 85, 87, 91, 95 or 97 for a compound (B) according to formula () having at least one
polymeric polyether chain in the structure.

When R, R3, R% and / or R7 of general formula (I) are independently from each other a monova-
lent substituent, m, o, g and / or s are zero, which means that if R' is monovalent m is zero,

when R3 is monovalent o is zero, when R?® is monovalent q is zero and when R7 is monovalent s
is zero. When R, R3, R% and / or R” are independently from each other a divalent substituent m,
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0, g and/ or s are at least one, which means that if R is divalent m is at least one, when R3 is
divalent o is at least one, when RS is divalent q is at least one and when R7 is divalent s is at
least one.

In the context of the present invention a monovalent substituent is a substituent which can form
one additional covalent chemical bond other than an oxygen hydrogen bond, monovalent sub-
stituents may be O-, H,OH, COO-, COONa, CHs, CH,CH3, C4-Cyo-alkyl, C,-Cyo-alkenyl with at
least one carbon carbon double bond, C4-Ca-alkyl-acyl, C,-Cx-alkenyl-acyl, CH2,CH,OH,
CH,COO- or CH,COONa.

In the context of the present invention a divalent substituent is a substituent which can form at
least two additional covalent chemical bonds, divalent substituents may be CH, CHo,
HOCHCHOH, CH>CH>0 or CH2CH(CH3)O.

Generally, compound (B) may be a molecule with at least one non-polymeric side chain or a
molecule with at least one polymeric side chain. If the side chain of compound (B) is a polymeric
side chain it is preferably at least one polyether side chain wherein the terminal oxyalkylene
group of the at least one polyether side chain has a hydroxy function. For example the terminal
oxyethylene group of the at least one polymeric polyether side chain in compound (B) has a
hydroxyl function or the terminal oxyplropylene group of the at least one polymeric polyether
side chain in compound (B) has a hydroxyl function. Generally the at least one polyether side
chain may be linear or branched, the oxyalkylene groups forming the at least one polymeric
polyether side chain in compound (B) may have a random, alternating, gradient and/or block
like distribution in the polymeric polyether side chain.

Preferably the mass ratio between the oxyethylene group and the oxypropylene group in the
polymeric polyether side chain in compound (B) is within a range of from 1:50 to 50:1. More
preferably within a range of from 1:20 to 20:1 Most preferably within a range of from 1:6 to 18:1
Particular preferably within a range of from 1:2 to 15:1

For example compounds (B) according to the invention may be most preferred with X being
CH2CH2N, CH2CH2CH2N, CH, CH2CH, CH2CH2CH, C=0or CH2CH20, R1 being H, CH, CH2,
CHs, CH2CHa, Cs-C1s-alkyl, Cs-C1s-alkenyl with at least one carbon carbon double bond, Cg-C6-
alkyl-acyl, Cg-C+s-alkenyl-acyl, CH,CH,OH, CH,COO-, CH,CH20 or CH,CH(CH3)O, R2 being H,
OH, CHs, CH2CHj3, Cs-Cqs-alkyl, Cs-C1s-alkenyl with at least one carbon carbon double bond,
CH2CH2OH, CHQCHQO or CHQCH(CH:;)O, R3 being H, CH, CH2, CH3, CH2CH3, Cg—C15—a|ky|, Cs—
Cis-alkenyl with at least one carbon carbon double bond, CH,CH20OH, CH2CH20 or
CH2CH(CH3)O, R4 being H,OH, Cs-C1s-alkyl, Cs-C1s-alkenyl with at least one carbon carbon
double bond, Cs-Cys-alkyl-acyl, Cs-C1s-alkenyl-acyl, CH,CH,OH, CH,COO-, CH,COONa,
CH2CH20 or CH,CH(CH>)O, R being H, COO-, COONa, CH;, CHa, Cs-Cys-alkyl, Cs-C1s-alkenyl
with at least one carbon carbon double bond, CH,CH>,OH, CH,COO-, CH,COONa, CH,CH,0 or
CH2CH(CH3)O, R® being H, OH, CHs, CH2CH3, Cs-C4s-alkyl, Cs-Cis-alkenyl with at least one
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carbon carbon double bond, Cs-Cys-alkyl-acyl, Cs-C1s-alkenyl-acyl, CH,CH,OH, CH2CH,0 or
CH2CH(CH3)O, R7 being H, OH, CH, CHg, C4-Cy-alkyl, C,-Cyo-alkenyl with at least one carbon
carbon double bond, C1-Cy-alkyl-acyl, C,-Cyo-alkenyl-acyl, CH,CH>O orCH;CH(CH3)O, R8 be-
ing H,OH, C4-Cyo-alkyl, C2-Cyo-alkenyl with at least one carbon carbon double bond, CH,CH>0
or CH,CH(CH>)O, R? being O-, CH3, CH,CH3 or CH,COO-, anduandtareOor 1,1, m, o, g, and
s are an integer within a range of from 0 to 5 and n, p and r are an integer within a range of from
1 to 5 for a compound according to formula () having no polymeric polyether chain in the struc-
ture and I, m, o, g and s are an integer within a range of from 0 to 500 and n, p and r are an in-
teger within a range of from 1 to 500 for a compound according to formula (1) having at least
one polymeric polyether chain in the structure and when u is at least one and X is C=0 or
CH2CH-0O, | or r are zero or | and r are zero and when X is CH2N, CH2CH2N, CH2CH2CH2N,
CH2CH2CH2CH2N, CH, CHa2, CH2CH or CH2CH2CH, | or r are at least one or | and r are at least
one.

For example compounds (B) according to the invention may be in particular preferred with X
being CH>CH3N, CH2CH2CH2N, CH, CH2CH, C=0 or CH2CH-,0, R being H, CHz, Cs-C1s-alkyl,
Cs-C1e-alkenyl with at least one carbon carbon double bond, CH2CH20 or CH,CH(CH3)O, R?
being H, OH, CH,CH>0OH, CH,CH>0 or CH2CH(CH3)O, R® being H, CH;, CH3, CH>,CH-0 or
CH2CH(CH3)O, R4 being H,OH, Cs-C1s-alkyl, Cs-C1s-alkenyl with at least one carbon carbon
double bond, Cs-C1s-alkyl-acyl, Cs-C1s-alkenyl-acyl, CH,COONa, CH,CH20 or CH,CH(CH3)O,
Rs being H, CHQ, CH3, CH2COO‘, CHgCOONa, CHZCH2O or CH2CH(CH3)O, Ré being H, OH, Cs—
Cis-alkyl, Cs-C1s-alkenyl with at least one carbon carbon double bond, Cs-Cis-alkyl-acyl, Cs-C6-
alkenyl-acyl, CH>,CH2OH, CH2CH,0 or CH,CH(CH3)O, R” being H,OH, Cs-C1s-alkyl, Cs-C1s-
alkenyl with at least one carbon carbon double bond, Cs-C1s-alkyl-acyl, Cs-C+s-alkenyl-acyl,
CH2CH20 or CH>CH(CH3)O, R®8 being H, C4-C1s-alkyl, C4-C1s-alkenyl with at least one carbon
carbon double bond, CH2CH>0 or CH2CH(CH3)O, R® being O-, CH3s or CH2CH3 and u and t are
Oor1,1I, m, o, q,and s are an integer within a range of from 0 to 3 and n, p and r are an integer
within a range of from 1 to 3 for a compound according to formula (I) having no polymeric poly-
ether chain in the structure and

[, m, 0, g and s are an integer within a range of from 0 to 250 and n, p and r are an integer with-
in a range of from 1 to 250 for a compound according to formula (I) having at least one polymer-
ic polyether chain in the structure and when u is at least one and X is C=0 or CH,CH;O, l or r
are zero or | and r are zero and when X is CH;N, CH,CH2N, CH,CH,>CH3;N, CH>CH>CH2CH3N,
CH, CHj, CH2CH or CH,CH,CH, | or r are at least one or | and r are at least one.

For example compounds (B) according to the invention are compounds of the general formula
() with the following meaning of the indices and variables:
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B1:

R | CH2CH,0 or CH2CH(CH3)O | | | 1to 100

R2 | CH,CH,0 or CH2CH(CH3)O | m | 1 to 100

R?® | CH2CH-0 or CH2CH(CHs)O | n | 1 to 100

R4 | CH2CH,0 or CH2CH(CH3)O | o | 1 to 100

RS | CH2CH20 or CH2CH(CHs)O | p | 1to 100

RS | CH2CH-0 or CH.CH(CHs)O | q | 1 to 100

R” | CH2CH20 or CH,CH(CH3)O | r | 1 to 100

Re | CH,CH,0 or CH2CH(CH3)O | s | 1 to 100

RO| s t 0

The terminal oxyalkylene groups in B1 of the polyether side chains are hydroxy functions
B2:

R1 | CHCH(CH3)O | | |1

R2 H m|1

R® | CH,CH(CH3)O | n | 1

R# H o |1

RS | CH,CH(CH3)O | p | 1

RS H q |1

R7 | CH,CH(CH3)O | r | 1

R H s |1

SO — t|o
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U 0

R2| 0

R3 | CH2CH20 or CH,CH(CH3)O 1to 100
R4 | CH2CH20 or CH2CH(CH3)O 1to0 100
R5 | CH,CH20 or CH,CH(CH3)O 1to 100
R8 | CH,CH20 or CH,CH(CH3)O 1to 100
R7 | CH2CH20 or CH,CH(CH3)O 1to 100
R8 | CH,CH20 or CH,CH(CH3)O 1to 100
L 0

X CH>CH20 1

Rt 0
R 0
R3 H 1

RYI 0
R5 | CH2CH20 or CH,CH(CH3)O 1to0 20
R® H or CHs 1

R7 | C4-Cgo-alkyl or C2-Cyo-alkenyl 1

RE| e 0
RO| 0

X C=0 1
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Rt
R2|
R3 CHs
Re|
RS CHas
R¢|
R7 | Cs-Cis-alkyl or Cs-Cis-alkenyl
R8| 0
Re O
X CH
R H
R2|
R3 CHs
R4 __________
RS CHas
R6|
R7 | Cs-Cys-alkyl or Cs-Cs-acyl
R8 __________
Re® O
X CH2CH,CH2N

PCT/IB2015/059351
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R H
R2| e
R3 CH2CH20
R4 H
RS CH,COONa
R6 | o
R7 | Cs-C1s-alkyl or Cs-Cs-acyl
R8|
=
X CH>CH2N
R H
Rz2|
R3 CH2CH20
R4 CH,COONa
RS CH,COONa
R6 | o
R7 | Cs-Cys-alkyl or Cs-Cs-acyl
R8| =
Re|
X CH>CH2N

PCT/IB2015/059351
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R H
R2| e
R3 CHa
R |
RS CH,COO
R6 | o
R7 | Cs-C1s-alkyl or Cs-Cs-acyl
R8|
R® CHa
X CH>CH2CH2N
R! | Cs-Cys-alkyl
=22
R3 CH:
R4 OH
RS CHa
=G —
R OH
R8 | o
R® CHa
X CH2CH

PCT/IB2015/059351
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B11:
R | Ce-Cre-alkyl | | | 1
R2| - m|O0
R3 CH; ni2
R4 OH o|1
RS CH, p |2
RS OH q|1
R | meemmeee ri{o
R | - s |0
RO|  ——— t|o0
X C=0 u 1
B12:
R? | Ce-Cre-alkyl | | | 1
R2| - m|O0

R3 CHz niz2

RS CHa pl2

RS OH q |1
R OH r|1
RE| —— s |0
SU [— t|o
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Rt CH:

R? OH

R3 H

R4 | oo

RS H

=G

R7 | OHCHCHOH

R8 | Cg-Crs-alkyl

=52 —

X CH
Rt 0
R2| 0
R? CH,CH0 1
R4 | Cs-Cis-alkyl-acyl or Cs-Cqs-alkenyl-acyl 1
RS CH>CH20 1
R® | Cs-Cys-alkyl-acyl or Cs-Cis-alkenyl-acyl 1
Rl e 0
RE| e 0
RO| 0
X CH.CH,OH 1
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B15:
R I {0
[ m|O0
R3 CHZCH2O ni|1

R# | Cs-Cys-alkyl-acyl or Cs-Cie-alkenyl-acyl | o | 1

R5 CH2CH2O P 1

R8 | Cs-Cys-alkyl-acyl or Cs-Cqs-alkenyl-acyl | q | 1

Rl e r{o
REI s |0
R CHs t 1
X CH2CH,0OH u 1

The anion in B15 is CH30S0,

According to the invention the amount of (B) in the CMP composition (Q) is not more than 0.5
wt.%, more preferably not more than 0.3 wt.%, most preferably not more than 0.2 wt.%, particu-
larly not more than 0.15 wt.%, based on the total weight of the composition (Q). According to
the invention, the amount of (B) is at least 0.001 wt.%, preferably at least 0.002 wt.%, more
preferably at least 0.005 wt.%, most preferably at least 0.007 wt.%, particularly at least 0.008
wt. %, based on the total weight of the composition (Q). For example the amount of (B) can be in
the range of from 0.01 wt.% to 0.12 wt.%.

According to the invention the CMP composition comprises an aqueous medium (C).
(C) can be of one type or a mixture of different types of aqueous media.

In general, the aqueous medium (C) can be any medium which contains water. Preferably, the
aqueous medium (C) is a mixture of water and an organic solvent miscible with water (e.g. an
alcohol, preferably a C4 to Cs alcohol, or an alkylene glycol derivative). More preferably, the
aqueous medium (C) is water. Most preferably, the aqueous medium (C) is de-ionized water.

If the amounts of the components other than (C) are in total x % by weight of the CMP composi-
tion, then the amount of (C) is (100-x) % by weight of the CMP composition.
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The chemical-mechanical polishing (CMP) composition (Q) of the present invention further op-
tionally comprises one or more oxidizing agents (D), preferably one or two types of oxidizing
agent, more preferably one type of oxidizing agent. In general, an oxidizing agent (D) is a com-
pound which is capable of oxidizing the to-be-polished substrate or one of its layers.

Preferably, one or at least one of the more than one oxidizing agents (D) is a per-type oxidizer.
More preferably, the one or at least one of the more than one oxidizing agent (D) is selected
from the group consisting of peroxides, persulfates, perchlorates, perbromates, periodates and
permanganates and derivates thereof. Most preferably, such oxidizing agent (D) is a peroxide or
persulfate. Particularly, such oxidizing agent (D) is a peroxide. In particular, (D) is hydrogen
peroxide.

If present, the total amount of oxidizing agent(s) (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
(D) is not more than 20 wt.%, more preferably not more than 10 wt.%, most preferably 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 (D) is at least
0.01 wt.%, more preferably 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 re-
spective CMP composition of the present invention. If hydrogen peroxide is used as the sole
oxidizing agent (D), the total amount of (D) is preferably 0.5 wt.% to 4 wt.%, more preferably 1
wt.% to 2 wt.%, for instance 1.2 to 1.3 wt.%, in each case based on the total weight of the re-
spective CMP composition of the present invention.

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

The properties of the CMP composition according to the invention respectively, such as stability,
polishing performance and etching behavior of the composition as against different materials,
for example metals vs. silicon dioxide, may depend on the pH of the corresponding composition.

According to the invention the CMP composition (Q) has a pH in the range of from 2 to 6. Pref-
erably, the pH value of the compositions used or according to the invention respectively is in the
range of from 2.5 to 5.8, more preferably from 3.2 to 5.5, most preferably from 3.5 to 5.3, partic-
ularly preferably from 3.7 to 5.2, for example from 3.8 to 5.1.

The CMP composition (Q) can further optionally contain at least one pH adjusting agent (N) in
an amount of from 0 to 2 wt.% based on the total weight of the CMP composition (Q). The pH
adjusting agent (N) is different from the components (A), (B) and (C). In general, the pH adjust-
ing agent (N) is a compound which is added to the CMP composition (Q) to have its pH value
adjusted to the required value. Preferably, the CMP composition (Q) contains at least one pH
adjusting agent (N). Preferred pH adjusting agents are inorganic acids, carboxylic acids, amine
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bases, alkali hydroxides, ammonium hydroxides, including tetraalkylammonium hydroxides.
Particularly, the pH adjusting agent (N) is nitric acid, sulfuric acid, ammonia, sodium hydroxide,
or potassium hydroxide. For example, the pH adjusting agent (N) is potassium hydroxide or ni-
tric acid.

If present, the pH adjusting agent (N) can be contained in various amounts. If present, the
amount of (N) is preferably not more than 2 wt.%, more preferably not more than 1 wt.%, most
preferably not more than 0.5 wt.%, particularly not more than 0.1 wt.%, for example not more
than 0.05 wt.%, based on the total weight of the CMP composition (Q). If present, the amount of
(N) is preferably at least 0.0005 wt.%, more preferably at least 0.005 wt.%, most preferably at
least 0.025 wt. %, particularly at least 0.1 wt.%, for example at least 0.4 wt.%, based on the total
weight of the corresponding composition (Q).

The CMP composition of the invention can further optionally contain at least one complexing
agent (E), for example one complexing agent. In general, the complexing agent is a compound
which is capable of complexing the ions of the to-be-polished substrate or of one of its layers.
Preferably, (E) is a carboxylic acid having at least two COOH groups, an A~containing carbox-
ylic acid, A-containing sulfonic acid, A~containing sulfuric acid, A~containing phosphonic acid,
N-containing phosphoric acid, or a salt thereof. More preferably, (E) is a carboxylic acid having
at least two COOH groups, an Atcontaining carboxylic acid, or a salt thereof. Most preferably,
(E) is an amino acid, or a salt thereof. For example, (E) is glycine, serine, alanine, hystidine, or
a salt thereof.

If present, the complexing agent (E) can be contained in varying amounts. Preferably, the
amount of (E) is not more than 20 wt.%, more preferably not more than 10 wt.%, most prefera-
bly not more than 5 wt.%, for example not more than 2 wt.%, based on the total weight of the
corresponding composition. Preferably, the amount of (E) is at least 0.05 wt.%, more preferably
at least 0.1 wt.%, most preferably at least 0.5 wt.%, for example at least 1 wt.%, based on the
total weight of the corresponding composition.

The CMP composition of the invention can further optionally contain at least one biocide (H), for
example one biocide. In general, the biocide is a compound which deters, renders harmless, or
exerts a controlling effect on any harmful organism by chemical or biological means. Preferably,
(H) is an quaternary ammonium compound, an isothiazolinone-based compound, an A-
substituted diazenium dioxide, or an AM-hydroxy-diazenium oxide salt. More preferably, (H) is an
N-substituted diazenium dioxide, or an A-hydroxy-diazenium oxide salt.

If present, the biocide (H) can be contained in varying amounts. If present, the amount of (H) 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. %, based on the total weight of the corresponding composition. If present, the amount of (H)
is preferably at least 0.0001 wt.%, more preferably at least 0.0005 wt.%, most preferably at
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least 0.001 wt.%, particularly at least 0.003 wt.%, for example at least 0.006 wt.%, based on the
total weight of the corresponding composition.

The CMP compositions according to the invention respectively may also contain, if necessary,
various other additives, including but not limited to stabilizers, surfactants etc. Said other addi-
tives are for instance those commonly employed in CMP compositions and thus known to the
person skilled in the art. Such addition can for example stabilize the dispersion, or improve the
polishing performance, or the selectivity between different layers.

If present, said additive can be contained in varying amounts. Preferably, the amount of said
additive is not more than 10 wt.%, more preferably not more than 1 wt.%, most preferably not
more than 0.1 wt.%, for example not more than 0.01 wt.%, based on the total weight of the cor-
responding composition. Preferably, the amount of said additive is at least 0.0001 wt.%, more
preferably at least 0.001 wt.%, most preferably at least 0.01 wt.%, for example at least 0.1 wt.%,
based on the total weight of the corresponding composition.

Examples of CMP compositions (Q) according to the invention:

Z1:
(A) inorganic particles in amount of from 0.1 to 2.2 wt.-% based on the total weight of the
respective CMP composition
(B1) wherein I, m, n, o, p, g, r and s are independently from each other an integer of from
1to 150
(C) an aqueous medium
wherein the composition (Q) has a pH of from 2.8 to 5.2.

Z2:
(A) silica particles in amount of from 0.1 to 2.9 wt.-% based on the total weight of the re-
spective CMP composition
(B1) wherein I, m, n, o, p, g, r and s are independently from each other an integer of from
1t0 120
(C) an agueous medium
wherein the composition (Q) has a pH of from 2.2 to 5.4.

Z3:

(A) silica particles in amount of from 0.5 to 2.3 wt.-% based on the total weight of the re-
spective CMP composition

(B1) wherein |, n, p and r are independently from each other an integer of from 1 to 48
and m, o, g and s are independently from each other an integer of from 8 to 87

(C) an agueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.
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Z6:

Z7:

Z8:
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(A) silica particles in amount of from 0.2 to 3.4 wt.-% based on the total weight of the re-
spective CMP composition

(B1) wherein I, n, p and r are independently from each other an integer of from 1 to 25
and m, 0, g and s are independently from each other an integer of from 5 to 95, R1, R3,
R5 and R7 are CH,CH;0 and R2?, R4, R% and R8 are CH,CH(CH3)O.

(C) an agueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.

(A) silica particles in amount of from 0.2 to 1,8 wt.-% based on the total weight of the re-
spective CMP composition

(B1) wherein I, n, p and r are independently from each other an integer of from 1 to 60
and m, 0, g and s are independently from each other an integer of from 10 to 110, R,
R3, R% and R” are CH2CH»0 and R, R4, R® and R#& are CH,CH(CH3)O.

(C) an aqueous medium

wherein the composition (Q) has a pH of from 2.2 to 4.8.

(A\) silica particles in amount of from 0.5 to 2.3 wt.-% based on the total weight of the re-
spective CMP composition

(B1) wherein I, n, p and r are independently from each other an integer of from 1 to 75
and m, o, g and s are independently from each other an integer of from 4 to 90 in an
amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective CMP com-
position

(C) an aqueous medium

wherein the composition (Q) has a pH of from 2.6 to 4.6.

(A) silica particles in amount of from 0.2 to 3.4 wt.-% based on the total weight of the re-
spective CMP composition

(B1) wherein I, n, p and r are independently from each other an integer of from 1 to 85
and m, o, g and s are independently from each other an integer of from 5 to 150, R', R?,
R®% and R? are CH,CH(CH3)O and R?, R4, R® and R® are CH2CH-0.

(C) an agueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.

(A) silica particles in amount of from 0.2 to 3.4 wt.-% based on the total weight of the re-
spective CMP composition

(B2) in an amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective
CMP composition
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(C) an agueous medium
wherein the composition (Q) has a pH of from 2.2 to 5.4.

(A) silica particles in amount of from 0.2 to 3.4 wt.-% based on the total weight of the re-
spective CMP composition

(B5) in an amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective
CMP composition

(C) an aqueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.

(A) silica particles in amount of from 0.2 to 3.4 wt.-% based on the total weight of the re-
spective CMP composition

(BB) in an amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective
CMP composition

(C) an aqueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.

(A) silica particles in amount of from 0.2 to 3.4 wt.-% based on the total weight of the re-
spective CMP composition

(B8) in an amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective
CMP composition

(C) an aqueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.

A) silica particles in amount of from 0.2 to 3.4 wt.-% based on the total weight of the re-
spective CMP composition

(B9) in an amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective
CMP composition

(C) an agueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.

A) silica particles in amount of from 0.2 to 3.4 wt.-% based on the total weight of the re-
spective CMP composition

(B10) in an amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective
CMP composition

(C) an agueous medium
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wherein the composition (Q) has a pH of from 2.2 to 5.4.

A) silica particles in amount of from 0.2 to 3.4 wt.-% based on the total weight of the re-
spective CMP composition

(B11) in an amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective
CMP composition

(C) an aqueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.

A) silica particles in amount of from 0.2 to 2.4 wt.-% based on the total weight of the re-
spective CMP composition

(B12) in an amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective
CMP composition

(C) an aqueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.

A) silica particles in amount of from 0.2 to 2.6 wt.-% based on the total weight of the re-
spective CMP composition

(B13) in an amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective
CMP composition

(C) an aqueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.

A) silica particles in amount of from 0.2 to 3.1 wt.-% based on the total weight of the re-
spective CMP composition

(B14) in an amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective
CMP composition

(C) an aqueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.

A) silica particles in amount of from 0.2 to 2.9 wt.-% based on the total weight of the re-
spective CMP composition

(B15) in an amount of from 0.001 to 0.3 wt.-% based on the total weight of the respective
CMP composition

(C) an aqueous medium

wherein the composition (Q) has a pH of from 2.2 to 5.4.
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A semiconductor device can be manufactured by the process of the invention, said process
comprises the chemical mechanical polishing of elemental germanium and/or Sii«Gex material
(with 0.1 < x < 1) in the presence of the CMP composition (Q), preferably, said process com-
prises the chemical mechanical polishing of elemental germanium and/or Si1.«Gey in the pres-
ence of the CMP composition (Q).
Generally, the semiconductor device which can be manufactured by the process according to
the invention is not particularly limited. Thus the semiconductor devices can be an electronic
component comprising semiconducting materials, as for example silicon, germanium, and I11-V
materials. Semiconductor devices can be those which are manufactured as single discrete de-
vices or those which are manufactured as integrated circuits (ICs) consisting of a number of
devices manufactured and interconnected on a wafer. Semiconductor devices can be two ter-
minal devices for example a diode, three terminal devices for example a bipolar transistor, four
terminal devices for example a Hall effect sensor or multi-terminal devices. Preferably, said
semiconductor device is a multi-terminal device. Multi-terminal devices can be logic devices as
integrated circuits and microprocessors or memory devices as random access memory (RAM),
read only memory (ROM) and phase change random access memory (PCRAM). Preferably said
semiconductor device is a multi-terminal logic device. In particular said semiconductor device is
an integrated circuit or microprocessor.

Generally, this elemental germanium and/or Si1xGex can be of any type, form, or shape of ele-
mental germanium and/or Sii.«Gex. This elemental germanium and/or Si;«Gex preferably has
the shape of a layer and/or overgrowth. If this elemental germanium and/or SisxGex has the
shape of a layer and/or overgrowth, the germanium and/or Si1xGex content is preferably more
than 90%, more preferably more than 95%, most preferably more than 98%, particularly more
than 99%, for example more than 99.9% by weight of the corresponding layer and/or over-
growth. Generally, this elemental germanium and/or SiyxGex can be produced or obtained in
different ways. This elemental germanium and/or Si1xGex has been preferably filled or grown in
trenches between other substrates, more preferably filled or grown in trenches between silicon
dioxide, silicon, or other isolating and semiconducting material used in the semiconductor indus-
try, most preferably filled or grown in trenches between the STI (shallow-trench isolation) silicon
dioxide, particularly grown in trenches between the STI silicon dioxide in a selective epitaxial
growth process. If this elemental germanium and/or Sii.«Gex has been filled or grown in trenches
between the STI silicon dioxide, the depth of said trenches is preferably from 20 to 500 nm,
more preferably from 150 to 400 nm, and most preferably from 250 to 350 nm, particularly from
280 to 320 nm. In another embodiment, if this elemental germanium and/or Sii.xGex has been
filled or grown in trenches between silicon dioxide, silicon, or other isolating and semiconducting
material used in the semiconductor industry, the depth of said trenches is preferably from 5 to
100 nm, more preferably from 8 to 50 nm, and most preferably from 10 to 35 nm, particularly
from 15 to 25 nm.
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Elemental germanium is germanium in form of its chemical element and preferably does not
include germanium salts or germanium alloys with a content of less than 90% germanium by
weight of the corresponding alloy.

Said Si1xGex material (with 0.1 < x < 1) can be of any type, form, or shape of Sii.«Gexmaterial
with 0.1 < x < 1. Generally, x can be any value in the range of 0.1 < x < 1. Preferably, x is in the
range of 0.1 < x < 0.8, more preferably, x is in the range of 0.1 < x < 0.5, most preferably, x is in
the range of 0.1 < x < 0.3, for example x is 0.2. Said Si1«Gex material is preferably a Sii«Gex
layer, more preferably a strain-relaxed SiixGey layer. This strain-relaxed SiixGex layer can be
the one described in paragraph [0006] of US 2008/0265375 A1, which is incorporated by refer-
ence herewith.

If the process of the invention comprises the chemical mechanical polishing of a substrate com-
prising elemental germanium and/or Si1xGex and silicon dioxide, the selectivity of germanium
and/or Si1xGey to silicon dioxide with regard to the material removal rate is preferably higher
than 10:1, more preferably higher than 20:1, most preferably higher than 30:1, particularly high-
er than 50:1, especially higher than 75:1, for example higher than 100:1. This selectivity can be
adjusted for example by the type and concentration of organic compound (B) of the CMP com-
position (Q) and by setting other parameters such as the pH value and the oxidizer (D) concen-
tration. The effect on the polishing performance by varying the oxidizer concentration (D) can in
particular be seen by polishing Sii«Gex material (with 0.1 <x < 1).

The CMP composition (Q) according to the invention is used preferably for chemical-mechanical
polishing of a substrate comprising elemental germanium and/or SiyxGex material (with 0.1 < x <
1), preferably for chemical-mechanical polishing of a substrate comprising an elemental germa-
nium and/or SiyxGey layer and/or overgrowth. The germanium and/or Si1xGex content of said
elemental germanium and/or Si;xGex layer and/or overgrowth is preferably more than 90%,
more preferably more than 95%, most preferably more than 98%, particularly more than 99%,
for example more than 99.9% by weight of the corresponding layer and/or overgrowth. The el-
emental germanium and/or Sii«Gex layer and/or overgrowth can be obtained in different ways,
preferably by filling or growing in trenches between other substrates, more preferably by filling
or growing in trenches between silicon dioxide, silicon, or other isolating and semiconducting
material used in the semiconductor industry, most preferably by filling or growing in trenches
between the STI (shallow-trench isolation) silicon dioxide, particularly by growing in trenches
between the STI silicon dioxide in a selective epitaxial growth process.

If the CMP composition (Q) according to the invention is used for polishing a substrate compris-
ing elemental germanium and silicon dioxide, the selectivity of germanium and/or Si1«xGex to
silicon dioxide with regard to the material removal rate is preferably higher than 10:1, more
preferably higher than 20:1, most preferably higher than 30:1, particularly higher than 50:1, es-
pecially higher than 75:1, for example higher than 100:1.

Processes for preparing CMP compositions are generally known. These processes may be ap-
plied to the preparation of the CMP composition (Q) according to the invention. This can be car-
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ried out by combining, for example dispersing or dissolving the above-described components
(A) and (B) in the agqueous medium (C), preferably water, and optionally by adjusting the pH
value through adding an acid, a base, a buffer or an pH adjusting agent. For this purpose, cus-
tomary and standard mixing processes and mixing apparatuses such as agitated vessels, high
shear impellers, ultrasonic mixers, homogenizer nozzles or counterflow mixers, can be used.

The CMP composition (Q) is preferably prepared by dispersing the inorganic particles (A) and
dissolving the compound (B) in the agqueous medium (C) and adjusting the pH value to 2 to 6.

The polishing process is generally known and can be carried out with the processes and the
equipment under the conditions customarily used for the CMP 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 rotating platen
which is covered with a polishing pad. Also orbital polishers have been used. 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 also generally horizontally positioned and pre-
sents a surface parallel to that of the wafer to be polished. The polishing pad on the platen con-
tacts the wafer surface during the planarization process.

To produce material loss, the wafer is pressed onto the polishing pad. Both the carrier and the
platen are usually caused to rotate around their respective 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. Dur-
ing the CMP process of the invention, the CMP composition (Q) is usually applied onto the pol-
ishing pad as a continuous stream or in dropwise fashion. Customarily, the temperature of the
platen is set at temperatures of from 10 to 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 equipment is being used a flexible
membrane that is loaded with air or nitrogen pressure 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 car-
rier with a hard platen design. Carriers with the option to control the pressure distribution 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 explicit reference is made to WO 2004/063301 A1, in particular page 16, par-
agraph [0036] to page 18, paragraph [0040] in conjunction with the figure 2.

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

The CMP composition (Q) according to the invention can be used in the CMP process as ready-
to-use slurry, they have a long shelf-life and show a stable particle size distribution over long
time. Thus, they are easy to handle and to store. They show an excellent polishing perfor-
mance, particularly with regard to the combination of high germanium and/or Si1«Gex MRR and
high Ge and/or Si1xGex:SiO; selectivity and/or the combination of high germanium and/or Sis.
xGex MRR and low germanium and/or SisxGex SER.

In particular the CMP composition (Q) according to the invention can be used for the polishing
of substrates comprising elemental germanium grown in trenches between the STI (shallow-
trench isolation) silicon dioxide or elemental germanium or SiixGex which has the shape of a
layer and/or overgrowth and has a germanium and/or SiixGex content of more than 98% by
weight of the corresponding layer and/or overgrowth.

Since the amounts of its components are held down to a minimum, the CMP composition (Q)
and the CMP process according to the invention can be used or applied in a cost-effective way.
The fact that the CMP composition (Q) is additive-free also leads to a simplified way of making
the CMP compositions according to the invention.

Without wishing to be bound by a particular theory, it is important for a strong inhibiting effect to
have molecules which have amine functions and hydroxyl functions in a balanced ratio to ena-

ble a good interaction of the inhibitor with the germanium surface and simultaneously are lead-
ing to a more hydrophobic surface of the to be polished substrate.

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 elongation of a parti-
cle

Figure 3: Schematic illustration of the Equivalent Circle Diameter (ECD)

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
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Examples and Comparative Examples

The pH value is measured with a pH electrode (Schott, blue line, pH 0-14 /-5...100 °C / 3 mol/L
sodium chloride).

Ge-cSER (cold static etching rate of a germanium layer) is determined by dipping 1x1 inch ger-
manium coupon obtained from KAMIC Inc. into the corresponding composition for 10 minutes at
25°C and measuring the loss of mass before and after the dipping.

Ge-hSER (hot static etching rate of a germanium layer) is determined by dipping 1x1 inch ger-
manium coupon obtained from KAMIC Inc. into the corresponding composition for 10 minutes at
50°C and measuring the loss of mass before and after the dipping.

Colloidal cocoon-shaped Silica particles (A1) having an average primary particle size (d1) of 35
nm and an average secondary particle size (d2) of 70 nm (as determined using dynamic light

scattering techniques) (for example Fuso® PL-3) were used.

Table 1: Experimental results of particle shape analysis of cocoon-shaped silica particles (A)

statistical function | ECD sphericity shape factor
unit nm

number of particles | 475 475 475
average 53.67 0.631 0.881
minimum 33.68 0.150 0.513
maximum 99.78 0.997 0.978
standard deviation | 11.69 0.199 0.083
median d50 51.32 0.662 0.911

doo 0.955

Procedure for particle shape characterization

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

A2 are particles with a specific surface area of around 200 g/m? with an average diameter of 15-
25 nm as determined by dynamic light scattering (for example Levasil 200E supplied by Akzo
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Nobel). A3 are Particles with an average diameter of 85-95 nm, as determined by dynamic light
scattering (for example Nexsil 125A supplied by Nyacol company).

For measuring electrophoretic mobility a standard Zetasizer Nano device from the company
Malvern was used. The samples were diluted by a factor of 500 with 10 mmol/l KCI solution be-
fore measuring the mobility. The measurements were carried out at 23°C.

For the evaluation on benchtop polisher, the following parameters were chosen:

Powerpro 5000 Buhler. DF = 35 N, Table speed 150 rpm, Platen speed 150 rpm, slurry flow
=0ml/ min, 20 s conditioning, 3 min polishing time, IC1000 pad, diamond conditioner (3M).

The pad is conditioned by several sweeps, before a new type of CMP composition is used for
CMP. For the determination of removal rates at least 2 wafers are polished and the data ob-
tained from these experiments are averaged.

The CMP composition is stirred in the local supply station.

The germanium material removal rates (Ge-MRR) for 2 inch discs polished by the CMP compo-
sition are determined by difference of weight of the coated wafers or blanket discs before and
after CMP, using a Sartorius LA310 S scale. The difference of weight can be converted into the
difference of film thickness since the density (5.323 g/cm? for germanium) and the surface area
of the polished material are known. Dividing the difference of film thickness by the polishing time
provides the values of the material removal rate.

The silicon oxide material removal rates (oxide MRR) for 2 inch Wafers polished by the CMP
composition are determined by difference of weight of the coated wafers before and after CMP,
using a Sartorius LA310 S scale. The difference of weight can be converted into the difference
of film thickness since the density (2.648 g/cm? for silicon oxide) and the surface area of the
polished material are known. Dividing the difference of film thickness by the polishing time pro-
vides the values of the material removal rate.

Objective to be polished: unstructured germanium wafer and / or unstructured silicon oxide wa-
fer on bench top polisher

For wafer polishing a reflexion tool was used for 300mm wafers and a Mirra Mesa tool was used
for 200mm wafers both supplied by AMAT. AS polishing pad, IC1000 pad (Dow chemicals) was
used with platen speed of 93 rpm and Head speed of 87 rpm. Polishing pressure was 2 psi and
Slurry flow was 150 mL/min for 300mm tool and 200 mL min for Mirra Mesa polisher.

MRR was determined by weight loss using tool supplied by Metryx or by optical thickness de-
termination of layer thickness of the Siy«Gex layer (e.g. KLA Spectra CD100 or OP2600 tool).
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The components (A), (B) and optionally (D) — each in the amounts as indicated in Table 1 —
were dispersed or dissolved in de-ionized water (C). pH is adjusted by adding of aqueous am-
monia solution (0.1% - 10%), 10% KOH solution or HNO3 (0.1 % - 10 %) to the slurry. The pH
value is measured with a pH combination electrode (Schott, blue line 22 pH).

Table 2: CMP compositions of the examples 1 to 24 and of the comparative example V1, their
pH values, Ge-cSER, Ge-hSER data as well as their Ge-MRR and oxide-MRR data in the pro-
cess of chemical-mechanical polishing of 2” unstructured germanium wafers using these com-
positions, wherein the aqueous medium (C) of the CMP compositions is de-ionized water. The
amounts of the components (A), (B), (D) are specified in weight percent (wt.%) by weight of the
corresponding CMP composition. If the amounts of the components other than (C) are in total y
% by weight of the CMP composition, then the amount of (C) is (100-y) % by weight of the CMP
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composition.
Comparative Example 1 Example 2 Example 3
Example V1
Particles (A) A1 1.5wt.% A1 1.5wt.% A1 1.5 wt.% A1 2.5wt.%
Oxidizing agent (D) Hzoz 0.75 wt.% H202 0.75 wt.% Hzoz 2.5wt.% H202 0.75 wt.%
Organic - B1 B1 B1
compound (B) 0.1 wt% 0.1 wt% 0.1 wt%
pH 4 4 4 4
Ge-MRR [A/min] 859 820 1109 894
Ge-hSER [A/min] 840 106 115 107
Oxide-MRR [A/min] | 177 63 69 152
Ratio Ge-MRR to 4.9 13 16 6
Oxide-MRR
(Table 2: Continuation)
Example 4 Example 5 Example 6 Example 7
Particles (A) A1 1.5 wt.% A1 1.5wt.% A1 2.5 wt.% A1 1.5 wt.%
Oxidizing agent (D) | H2O2 0.75 wt.% |H202 2.5 wt.% | H202 0.75 wt.% | H2O2 0.75 wt.%
Organic B4 B4 B4 B7
compound (B) 0.1 wt% 0.1 wt% 0.1 wt% 0.1wt%
pH 4 4 4 4
Ge-MRR [A/min] 481 769 613 761
Ge-hSER [A/min] 144 164 144 94
Oxide-MRR [A/min] | 9 49 84 161
Ratio Ge-MRR to 54 16 7 5

Oxide-MRR
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(Table 2: Continuation)
Example 8 Example 9 Example 10
Particles (A) A1 1.5wt.% A2 1.5wt.% A3 1.5 wt.%

Oxidizing agent (D)

H202 0.75 Wt.%

H202 0.75 Wt.%

H202 0.75 Wt.%

Organic B3 B1 B7
compound (B)

pH 4 4 4
Ge-MRR [A/min] 717 749 456
Ge-hSER [A/min] 145 145 94
Oxide-MRR [A/min] | 107 9 0
Ratio Ge-MRR to 7 84 -

Oxide-MRR

Table 3: Ge-Hot static etching rates [A/min] of selected compounds (B)

Compound Ge-hSER
[A/min]
B4 128
B1 93
B4 144
B9 227
B3 145
B2 195
B5 211
B7 94
B8 109
B10 34
B 15 45
B14 65
B9 228
B13 8

Table 4: CMP compositions of the examples 11 to 16, their pH values, Ge-cSER, Ge-hSER
data as well as their Ge-MRR and oxide-MRR data in the process of chemical-mechanical pol-
ishing structured silicon germanium wafers using these compositions, wherein the aqueous me-
dium (C) of the CMP compositions is de-ionized water. The amounts of the components (A), (B),
(D) are specified in weight percent (wt.%) by weight of the corresponding CMP composition. If
the amounts of the components other than (C) are in total y % by weight of the CMP composi-
tion, then the amount of (C) is (100-y) % by weight of the CMP composition.
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Example 11 Example 12
Particles (A) A1 1.5wt.% A1 1.5wt%
Oxidizing agent (D) [ H202 0.75 wt.% | H2O2 0.75 wt.%
Organic B1 B1
compound (B) 0,1 wt.% 0,1 wt.%
pH 3 4
Ge-MRR [A/min] 1214 869
Ge-hSER [A/min] |73 94
Oxide-MRR [A/min] | 18 12
Ratio Ge-MRR to 66 72
Oxide-MRR
(Table 4: Continuation)
Example 13 Example 14 Example 15 Example 16

Particles (A) A12.5wt.% A1 1.5wt.% A1 1.5wt.% A1 25wt %
Oxidizing agent (D) H202 0owt.% HzOz 0.75 wt.% H202 2,5 wt. % HzOz 0,75 wt. %
Organic B1 B1 B1 B1
compound (B) 0,1 wt% 0,1 wt% 0,1 wt% 0,1 wt%

pH 4 4 4 4
Sio,6Geos-MRR 379 41 35 254

[A/min]

5 The CMP compositions according to the invention are showing an improved polishing perfor-
mance in terms of germanium to oxide selectivity and a drastic decrease in the etching rates as
can be demonstrated by the examples shown in table 2, table 3 and table 4.
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A chemical mechanical polishing (CMP) composition (Q), comprising:

{A) cocoon-shaped silica particles;
(B) a compound or salt of general formula (I) having at least one polymeric polyether

I (Ro);
Ra)o™ R II\I---- x Rp)i—Ro)m

(Re)g— (RS)P/ \(R‘f)r_ Rg)s 0

wherein:

X is CH2N, CH2CH2N, CH2CH>CH2N, CH2CH2CH2CHzN, CH, CHz, CH3CH,
CH2CH>CH, C=0 or CH,CH20, wherein X is bonded by the carbon atom of
the respective group to the nitrogen;

R, Rz, Rs, Rs, Rs, Rs, Ry, Rs and Ry are each independently O, H, OH, COO,
COONa, CH, CHgz, CH3, CH2CHa, C1-Cag-alkyl, C2-Cao-alkenyl with at least one
carbon carbon double bond, Ci-Cy-alkyl-acyl, Cz-Cap-alkenyl-acyl,
CH:CH2OH, OHCHCHOH, CH:COO,, CH:COONa, CH.CHO, or
CH2CH(CHs)O;

uis 1;

tisOor 1,

I, m, 0, g and s are each independently an integer within a range of from 0 to
500; and

n, p, r are each independently an integer within a range of from 1 to 500,

with the proviso that when X is CHz, C=0, or CH2CH:0, then | and m are
zero, and when X is CHzN, CH2CHaN, CH2CH2CH2N, CH2CH2CH2CHzN, CH,
CH.CH, CH.CH-CH, then | is at least one; and

(C} an agqueous medium,
wherein the composition (Q) has a pH of from 2 to 6.
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The CMP composition (Q) according to claim 1, wherein, in formula (1):

X is CHzN, CHoCHazN, CH2CH>CHzN, or CHCH;CH:CH:N, and bonded to the
nitrogen by a carbon atom of the terminal CHy;

R1, Rz, Rs, R, Rs, R, R7 and Rs are each independently CH>CH20 or CH2CH(CH3)O
forming a polyether; and t is 0,

wherein a last oxyalkylene group of the polyether chain has a hydroxy function.

The CMP composition (Q) according to claim 2, wherein, in formula (I):
the number of CH2CHzO groups in the polyether ranges from 1 to 300; and
the number of CH2CH(CH3)O groups ranges from 1 to 500.

The CMP composition (Q) according to claim 1, wherein, in formula (l):

X is CH2CH:N, and bonded to the nitrogen by the carbon atom of the terminal CHy;
Rs, R3, Rs and Ry are CH.CH(CH3)O;

m,l,no,p,q,r,andsare 1;

tis 0; and

R2, R4, Rs and Rs are hydrogen.

The CMP composition {Q) according to claim 1, wherein, in formula (1):

X is CH2CHz0, and bonded fo the nitrogen by the carbon atom of the terminal CHz of
the CH.CH0;

Rs, R4, Rs, Res, R7 and Rs are each independently CH2CH:0 er CH2CH{CH3)O forming
a polyether; and t is 0, and

wherein a last oxyalkylene group of the polyether chain has a hydraxy function.

The CMP composition (Q) according to claim 5, wherein the number of CHCH20
groups in the polyether ranges from 1 fo 50 and the number of CH.CH(CH3)O groups
is in the range of from 1 to 100.

The CMP composition (Q) according to claim 1, wherein, in formula (1):

X is C=0, and bonded to the nitrogen by the carben atom of the carbony! group
forming an amide;

Rs is H, CH,CH;0, or CH2CH(CH3)O, with the proviso that when R is H, then n is 1
and o is 0, and when Rj is CH.CH:O or CH,CH(CH3)O, then Rsis Hand o is 1;

Rs is CH2CH20 or CH,CH(CH3)O;

Rs is H;

Rz and Rs are independently from each other C1-Cag-alky! or Cz-Cao-alkenyl with at
least one carbon carbon double bond; and

tis 0.
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The CMP composition (Q) according to claim 1, where in formula (I):

X is CHz, CHzN, CH2CH:2N, or CH2CH2CH:2N, and bonded to the nitrogen by a carbon
atom of the terminal CHa, with the proviso that when X is CHy, then | is 0 and m is 0,
and when X is CHaN, CH2CH:N, or CHoCH.CH:N, thenlis 1, mis 0, and Ry is H;

Rs is CHz, CH3 or CH2CH:0, with the proviso that when R is CHs, thennis 1 and o is
0, and when R3 is CHa or CH2CH20, then n is an integer from 1to 4 and cis 1, and Rs
is OH or CH.COONa;

Rs is CH,COO- OR HoCOONa

pis1;

qis 0;

Ry is Ca-Cys-alkyl or C1-Cqg-acyl;

ris 1;

sis 0,

Rg is O, CH3z or CH2CH3: and

tis 1.

The CMP composition (Q) according to claim 1, wherein in formula (I}:

X is CHCH or CH:CH2CH, and bonded to the nitrogen by the carbon atom of the
terminal CH,, or X is C=0, and bonded to the nitrogen by the carbon atom of the
carbony! group, with the proviso that when X is C=0, thenlis 0, mis 0, ris 1, sis 0,
and Ry is a Ca-Cis-alkyl or Ca-Cys-alkenyl with at least one carbon carbon double
bond, and when X is CH.CH or CH:CH2CH, thenlis 1, mis 0,ris 1, sis 0, and Ry is
OH;

R4 is Cs-C1s-alkyl or Cs-C1s-alkenyl with at least one carben carbon double bond;

Rs is CHz;

nis an integer from 1 {o 4;

R4 is —-OH;

ois 1;

Rs is CHz or CHs, with the proviso that when Rs is CH3, then p is 1 and q is 0, and
when Rs is CHy, then p is an integer from 1 to 4, Rgis OH, and g is 1;

Rg is CH3 or CH2CH3; and

tis 1.

The CMP composition (Q) according to claim 1, wherein in formula (1):

Xis CH;

R is CHQ;

| is an integer from 1 to 4;

Rs is OH;

mis 1;

Ra is H or CH2CH20, with the provisc that when Ry is H, then nis 1 and o is 0, and
when Rs is CHaCH»0, then n is an integer from 1 to 4 and o is 1, and R4 is Ce-C1s-
alkyl, Ce-Cqs-acyl, or Ca-Cis-alkenyl with at least one carbon carbon double bond;
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Rs is H or CH2CHz0, with the proviso that when Rsis H, then pis 1 and q is 0, and
when Rs is CH2CH2C, then p is an integer from 1 to 4, qis 1, and Rs is Cs-C1s-alkyl,
Cs-Crg-acyl, Cs-Cis-alkenyl with at least one carbon carbon double bond;

R; is H, CHOH, HOCHCHOH, ris 1 and Rs is Cs-Cis-alkyl, s is 1

Rg is CH3;

tis 1; and

the anion is Cl-, Br, |- or [CH:0S0g}.

The CMP composition (Q) according to claim 1, wherein the CMP composition (Q})
further comprises (D) an oxidizing agent.

A method, comprising:
chemical mechanical polishing of a substrate (S) used in the semiconductor industry
with the CMP composition (Q) of claim 1.

The method according to claim 12, wherein the substrate (S) comprises:
® elemental germanium; or
(i) SixGey with 0.1=x<1.

The method of claim 13, wherein the elemental germanium is grown in trenches
between the STI (shallow-trench isolation) silicon dioxide.

A process for the manufacture of a semiconductor device, the process comprising
chemical mechanical polishing of substrate (S) used in the semiconductor industry in
the presence of the CMP composition (Q) of claim 1.

The process according to claim 15, wherein the substrate (S} comprises:
(i) elemental germanium; or
(i) Si1xGex with 0.1=x<1,



