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EP 2 533 274 A1 discloses a chemical mechanical polishing aqueous dispersion comprising (A)
silica particles that include at least one functional group selected from a group consisting of a
sulfo group and salts thereof, and (B) an acidic compound.

Objects of the embodiments disclosed herein

One of the objects of the embodiments disclosed herein is to provide a CMP composition and a
CMP process especially for the chemical-mechanical polishing of llI-V materials, particularly
GaAs and InP substrates which are utilized in the front-end-of-line (FEOL) IC production to form
transistors, and showing an improved polishing performance, especially

()  a high material removal rate (MRR) of a llI-V material, for example GaAs and/or InP,

(i)  high surface quality of the -V material, for example GaAs and/or InP, after the CMP
step,

(iiy  safe handling and reduction of hazardous by-products — for example the toxic gasses
AsHs; and/or PH3 in case of polishing GaAs and/or inP — to a minimum, or

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

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

Summary

According-to-afirst-aspectof-the-present-diselesure-aA chemical-mechanical polishing (CMP)

composition is provided comprising the following components:

(A) surface modified silica particles having a negative zeta potential of -15 mV or below at a
pH in the range of from 2 to 6,

(B) N,N,N’,N’-tetrakis-(2-hydroxypropyl)-ethylenediamine or methanesulfonic acid,

(C) water,

(D) optionally one or more further constituents,

wherein the pH of the composition is in the range of from 2 to 6.

In an aspect, there is provided the use of a chemical-mechanical polishing (CMP) composition

for polishing a substrate or layer containing one or more llI-V materials wherein the chem-
ical-mechanical polishing composition comprises the following components:

(A) surface modified silica particles having a negative zeta potential of -15 mV or below
at a pH in the range of from 2 {0 G,

(B) N,N,N' N'-tetrakis-(2-hydroxypropyl)-ethylenediamine or methanesulfonic acid,

(C) water,

(D1) hydrogen peroxide in an amount of from 0.01 to 5 wt.-% based on the total weight of
the CMP composition
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(D) optionally one or more further constituents,

wherein the pH of the composition is in the range of from 2 to 6 and wherein the surface modi-

fied silica particles of component (A) having a negative zeta potential of -15 mV or below at a
pH in the range of from 2 1o § are silica parlicles anionically modified with meiallate ions or mod-
itied with sulfonic acid.

In a further aspect, the present disclosure relates to the use of N,N,N’,N’-tetrakis-(2-

hydroxypropyl)-ethylenediamine or methanesulfonic acid as an additive for a chemical-
mechanical polishing (CMP) composition, preferably as an additive for a chemical-mechanical
polishing (CMP) composition comprising surface modified silica particles having a negative zeta
potential of -15 mV or below at a pH in the range of from 2 to 6. A preferred use as defined
above is the use of N,N,N’,N’-tetrakis-(2-hydroxypropyl)-ethylenediamine or methanesulfonic
acid as an additive for a chemical-mechanical polishing (CMP) composition, wherein the addi
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tive is an additive for increasing the removal rate of a lll-V material, wherein the Ill-V material is pref-
erably selected from the group consisting of GaN, GaP, GaAs, GaSb, AlAs, AIN, InP, InAs, InSb,
InGaAs, InAlAs, AlGaAs, GaAlN, GalnN, InGaAlAs, InGaAsP, InGaP, AlinP, GaAlSb, GalnSb,
GaAlAsSb and GalnAsSb.

According to a further aspect-embodiment of the disclosure there is provided a process for the manu-
facture of semiconductor devices comprising the chemical-mechanical polishing of a substrate or
layer in the presence of a chemical-mechanical polishing (CMP) composition as defined hereinabove
or hereinbelow.

In a further aspect, there is provided a process for the manufacture of semiconductor devices com-
prising the chemical-mechanical polishing of a substrate or layer in the presence of a chemical-
mechanical polishing (CMP) composition as defined above, wherein the substrate or layer contains
one or more -V materials.

Generally, the semiconductor device which can be manufactured by the process as defined above is
not particularly limited. Thus the semiconductor devices can be electronic components comprising '
semiconducting materials, as for example silicon, germanium, and lll-V materiais. Semiconductor
devices can be those which are manufactured as single discrete devices or those which are manu-
factured as integrated circuits (ICs) consisting of a number of devices manufactured and intercon-
nected on a wafer. Semiconductor devices can be two terminal devices for example a diode, three
terminal devices for example a bipolar transistor, four terminal devices for example a Hall effect sen-
sor 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.

In an embodiment, the present disclosure relates to the use of a chemical-mechanical polishing
(CMP) composition as defined hereinabove or hereinbelow for polishing a substrate or layer contain-
ing one or more IlI-V materials wherein the or at least one of or all Ill-V materials are preferably se-
lected from the group consisting of GaN, GaP, GaAs, GaSh, AlAs, AN, InP, InAs, InSb, InGaAs,
InAlAs, AlGaAs, GaAlN, GalnN, InGaAlAs, InGaAsP, InGaP, AlinP, GaAlSb, GalnSb, GaAlAsSb, and

GalnAsShb.

Preferred embodiments are explained in the claims and the specification. It is understood that combi-
nations of preferred embodiments are within the scope of the present disclosure.

In a preferred process according to the present invention the substrate or layer contains one or more
[lI-V materials. Preferably the one or at least one of or all the llI-V materials are selected from the
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group consisting of GaN, GaP, GaAs, GaSb, AlAs, AN, InP, InAs, InSb, InGaAs, InAlAs, AlGaAs,
GaAIN, GalnN, InGaAlAs, InGaAsP, InGaP, AllnP, GaAlSb, GalnSh, GaAlAsSb and GalnAsSb.

A semiconductor device can be manufactured by the process of the invention. Said process prefera-
bly comprises the chemical mechanical polishing of a substrate or layer — preferably a
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Claims

6.

Use of a Gchemical-mechanical polishing (CMP) composition for polishing a substrate or
layer containing one or more [1-V materials wherein the chemical-mechanical polishing
composition compriseseemprising the following components:

(A) surface modified silica particles having a negative zeta potential of -15 mV or below
at a pH in the range of from 2 to 6,

(B) N,N,N’,N'-tetrakis-(2-hydroxypropyl)-ethylenediamine or methanesulfonic acid,
(C) water,

{01 hvdrogen peroxide in an amount of from 0.01 to 5 wi-% based on the fotal weight of
the CMP composition

(D) optionally one or more further constituents,

wherein the pH of the composition is in the range of from 2 to 6_and wherein the surface
modified silica parlicles of component (A) having a negative zeta polential of -15 mV or be-

low at a pH in the range of from 2 to 6 are silica particles anionically modified with metal-

late ions or modified with sulfonic acid.
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least one or all of the -V materials are selecled from the group consisting of GaN, Gab,
Gahs, GaSb, AlAs, AN, InP, InAs, InSb, IntGaAs, InAlAs, AlGaAs, GaalN, GainN, in-
Ga&%/xa InGaAsk, InGaP, /~\i Ink, GaAlSh, Galnbb, GaflAsSh, and GalnAsSh.

Use Chemical-meshanical-polishing-{GMP-e sitiorr-according to claim 1 or 2, wherein
the surface modified silica particles of component (A) having a negative zeta potential of -
15 mV or below at a pH in the range of from 2 to 6 are silica particles anionically modified

with metallate ions selected from the group consisting of aluminate, stannate, zincate, and
plumbate.

Use & ical-mecharicalpelishing(GME #ier-according to any of claims 1, 2, or
3, wherein the surface modified silica par’ucles of component (A) having a negative zeta
potential of -15 mV or below at a pH in the range of from 2 to 6 are silica particles anioni-
cally modified with aluminate.

Use Chemical-mechanical-pelishing{(CMP)-compositior-according to any preceding claim,
wherein

- the total amount of (A) surface modified silica particles having a negative zeta po-
tential of -15 mV or below at a pH in the range of from 2 to 6 is in the range of from
0.1 wt % to 30 wt %, based on the total weight of the chemical-mechanical polishing
(CMP) composition

and/or

- - the total amount of (B) N,N,N’,N’-tetrakis-(2-hydroxypropyl)-ethylenediamine or me-
thanesulfonic acid is in the range of from 0.01 to 3 wt % based on the total weight
of the chemical-mechanical polishing (CMP) composition.

hemical-mechanical-pelishing(CMP-compesitionlse according to any preceding claim,
wherein chemical-mechanical polishing (CMP) composition comprising one or more fur-
ther constituents as component (D),
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wherein the one or at least one of or all of the further constituents of component (D) are
selected from the group consisting of oxidizing agents, abrasive materials different from
surface modified silica particles having a negative zeta potential of -15 mV or below at a
pH in the range of from 2 to 6, stabilizers, surfactants, friction reducing agents, buffer sub-
stances.

Use of N,N,N’,N’-tetrakis-(2-hydroxypropyl)-ethylenediamine or methanesulfonic acid as
an additive for a chemical-mechanical polishing (CMP) composition, preferably as an ad-
ditive for a chemical-mechanical polishing (CMP) composition comprising surface modi-
fied silica particles having a negative zeta potential of -15 mV or below at a pH in the
range of from 2 to 6-,

8.

E recording-to-claim—5 wherein the additive is an additive for increasing the removal
rate of a 1ll-V material.

Use according to claim &7, wherein the lll-V material is preferably selected from the group
consisting of GaN, GaP, GaAs, GaSbh, AlAs, AIN, InP, InAs, InSb, InGaAs, InAlAs, Al-
GaAs, GaAIN, GalnN, InGaAlAs, InGaAsP, InGaP, AllnP, GaAlSb, GainSb, GaAlAsSb,
and GalnAsSb.

9. Process for the manufacture of semiconductor devices comprising the chemical-

mechanical polishing of a substrate or layer in the presence of a chemical-mechanical pol-
ishing (CMP) composition as defined in any of claims 1 to 6, wherein the subsirate or lay-
ar contains one or more IlI-V materials.
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meterials:

4210. Process according to ary-ef-claims-1 e-+iclaim 9, wherein the or at least one or all of

the lll-V materials is selected from the group consisting of GaN, GaP, GaAs, GaSb, AlAs,
AIN, InP, InAs, InSb, InGaAs, InAlAs, AlGaAs, GaAlN, GalnN, InGaAlAs, InGaAsP, In-
GaP, AllnP, GaAlSh, GainSh, GaAlAsSb, and GalnAsSb.




