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JP 2002-025954 A discloses an alkaline composition for polishing GaAs comprising
- polyethylene glycol —(CH2CH20), (n21),

- or 2-methoxyethanol CH3;O(CH2CH-O)H,

- or N,N-diethanol methanamide CH3N(CH.CH,OH),,

- or a mixture of 2-methoxyethanol and N, N-diethanol methanamide

as non-ionic surfactant.

US 2008/124913 A1 discloses an abrasive slurry including a non-ionic surfactant that selectively
forms a passivation layer on the polysilicon layer and a method for removing an upper portion of
a polysilicon layer formed over a pattern to form a polished polysilicon surface.

Objects

One of the objects of the embodiments disclosed herein was to provide a CMP composition and a

CMP process appropriate for the chemical-mechanical polishing of 1lI-V materials, particularly

GaAs substrates, and showing an improved polishing performance, especially

(i)  ahigh material removal rate (MRR) of the llI-V material, for example GaAs,

(i) alow static efch rate (SER) of the llI-V material, for example GaAs,

(iiiy  high surface quality of the Ill-V material, for example GaAs, after the CMP step,

(iv) safe handling and reduction of hazardous by-products — for example the toxic gas AsHs in
case of GaAs polishing — to a minimum, or

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

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

ble.

Summary

In a first aspect, there is provided a process for the manufacture of semiconductor devices com-
prising the chemical-mechanical polishing of a substrate or layer containing at least one 1lI-V ma-
terial in the presence of a chemical-mechanical polishing composition (CMP) composition (Q1)
comprising
(A) Colloidal silica particles in an amount of from 0.002 wt.% to 7 wt.% based on the total
weight of the respective CMP compositioninerganie,
(B) atleast one amphiphilic non-ionic surfactant having
(b1) at least one hydrophobic group; and
(b2) at least one hydrophilic group selected from the group consisting of polyoxyalkylene
groups comprising
(b22) oxyalkylene monomer units other than oxyethylene monomer units; and
(M) an aqueous medium.

Moreover, the use of the CMP composition (Q1) for chemical-mechanical polishing of a substrate
or layer containing at least one IlI-V material was found.
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In a second aspect, there is provided the use of the chemical-mechanical polishing composition
(Q1) comprising
(A) Colloidal silica particles in an amount of from 0.002 wt.% to 7 wt.% based on the total
weight of the respective CMP composition,
(B) atleast one amphiphilic non-ionic surfactant having
(b1) at least one hydrophobic group; and
(b2) at least one hydrophilic group selected from the group consisting of polyoxy-
alkylene groups comprising
(b22) oxyalkylene monomer units other than oxyethylene monomer units; and
(M)an aqueous medium
for chemical-mechanical polishing of a substrate or layer containing at least one IlI-V mate-
rial.

In a third aspect, there is provided, a process for the manufacture of semiconductor devices
comprising the chemical-mechanical polishing of a substrate or layer containing at least one IlI-V
material in the presence of a chemical mechanical polishing (CMP) composition (Q2) comprising
(A) Colloidal silica particles in an amount of from 0.002 wt. % to 7 wt.% based on the total
weight of the respective CMP composition,
(C) at least one amphiphilic non-ionic polyoxyethylene surfactant having
(c1) at least one hydrophobic group which is an alkyl group having not more than 8 carbon
atoms; and
(c2) at least one hydrophilic group which is a polyoxyethylene group; and
(M) an aqueous medium.

Furthermore, the use of the CMP composition (Q2) for chemical-mechanical polishing of a sub-
strate or layer containing at least one IlI-V material was found.

In a fourth aspect, there is provided the use of the chemical-mechanical polishing composition
(Q2) comprising
(A) Colloidal silica particles in an amount of from 0.002 wt.% to 7 wt.% based on the total
weight of the respective CMP compositionirergasnie,
(C) at least one amphiphilic non-ionic polyoxyethylene surfactant having
(c1) at least one hydrophobic group which is an alkyl group having not more than 8
carbon atoms; and
(c2) at least one hydrophilic group which is a polyoxyethylene group; and
(M) an aqueous medium
for chemical-mechanical polishing of a substrate or layer containing at least one 1ll-V mate-
rial.

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.
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Claims

A process for the manufacture of semiconductor devices comprising the chemical-

mechanical polishing of a substrate or layer containing at least one llI-V material in the

presence of a chemical-mechanical polishing composition (Q1) comprising

(A) Colloidal silica particles in an amount of from 0.002 wt.% to 7 wi. % based on the fo-
tal weight of the respective CMP compositioninerganic-particles—erganic-partiel i

3

(B) at least one amphiphilic non-ionic surfactant having
(b1) at least one hydrophobic group; and
(b2) at least one hydrophilic group selected from the group consisting of polyoxy-
alkylene groups comprising
(b22) oxyalkylene monomer units other than oxyethylene monomer units;
and
(M) an agueous medium.

A process according to claim 1, wherein the llI-V material is GaN, GaP, GaAs, GaSb,
AlAs, AN, InP, InAs, InSb, InGaAs, InAlAs, AlGaAs, GaAlN, GainN, inGaAlAs, InGaAsP,
InGaP, AllnP, GaAlSb, GainSb, GaAlAsSb, or GalnAsSb.

A process according to claim 1, wherein the 111-V material is GaAs.

A process according to anyone of the claims 1 to 3, wherein the hydrophilic group (b2) is a
hydrophilic group selected from the group consisting of polyoxyalkylene groups compris-
ing
(b21) oxyalkylene monomer units, and
(b22) oxyalkylene monomer units other than oxyethylene monomer units,
said monomer units (b21) being not identical to monomer units (b22), and said
polyoxyalkylene group of (b2) containing the monomer units (b21) and (b22) in
random, alternating, gradient and/or block-like distribution.

A process according to anyone of the claims 1 to 4, wherein the hydrophilic group (b2) is a
hydrophilic group selected from the group consisting of polyoxyalkylene groups compris-
ing
(b21) oxyethylene monomer units, and
(b22) oxyalkylene monomer units other than oxyethylene monomer units,
said polyoxyalkylene group of (b2) containing the monomer units (b21) and
(b22) in random, alternating, gradient and/or block-like distribution.

A process according to anyone of the claims 1 to 5, wherein the composition (Q1) has a
pH value in the range of from 1 to 8.
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7. A process according to anyone of the claims 1 to 6, wherein the composition (Q1) further
comprises
(D) at least one type of an oxidizing agent.

8. A process according to anyone of the claims 1 to 7, wherein the hydrophobic group (b1) is
an alkyl group having 5 to 20 carbon atoms.

9. A process according to anyone of the claims 1 to 8, wherein
the oxyalkylene monomer units other than oxyethylene monomer units (b22)
are derived from substituted oxiranes (X) wherein the substituents are selected from the
group consisting of alkyl groups having 1 to 10 carbon atoms.

10. A process according to anyone of the claims 1 to 9, wherein
the oxyalkylene monomer units other than oxyethylene monomer units (b22)
are derived from methyl oxirane (propylene oxide) and/or ethyl oxirane (butylene oxide).

1 Ae-procoss-aceording pyone-ofthe-claims-He- 10 wherein-the-poaricles-{A)-aresifi
particles:

4211, A process according to anyone of the claims 1 to 104, wherein the composition (Q1)
comprises

(A) Colloidal silica particles in an amount of from 0.002 wt.% to 7 wt.% based on the to-
tal weight of the respective CMP composition,
(B) at least one amphiphilic non-ionic surfactant having
(b1) at least one hydrophobic group which is an alkyl group having 5 to 20 carbon
atoms; and
(b2) at least one hydrophilic group selected from the group consisting of polyoxy-
alkylene groups comprising
(b21) oxyethylene monomer units and
(b22) oxyalkylene monomer units other than oxyethylene monomer units,
wherein the oxyalkylene monomer units are derived from methyl
oxirane (propylene oxide) and/or ethyl oxirane (butylene oxide),
the said polyoxyalkylene group of (b2) containing the monomer units (b21)
and (b22) in random, alternating, gradient and/or blocklike distribution,
(D) an oxidizing agent, and
(M) an aqueous medium.
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43-12. Use of the chemical-mechanical polishing composition (Q1) comprising
(A) Colloidal silica particles in an amount of from 0.002 wt.% to 7 wi.% based on the {o-

tal weight of the respective CMP compositioninerganic-particlesrorganic-particles,-or
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5 (B) at least one amphiphilic non-ionic surfactant having
(b1) at least one hydrophobic group; and
(b2) at least one hydrophilic group selected from the group consisting of polyoxy-
alkylene groups comprising
(b22) oxyalkylene monomer units other than oxyethylene monomer units;
10 and
(M) an agueous medium
for chemical-mechanical polishing of a substrate or layer containing at least one IlI-V ma-
terial.

15 { 4413, A process for the manufacture of semiconductor devices comprising the chemical-
mechanical polishing of a substrate or layer containing at least one lll-V material
in the presence of a chemical-mechanical polishing composition (Q2) comprising
(A) Colloidal silica particles in an amount of from 0.002 wt.% to 7 wt.% based on the to-
tal weight of the respective CMP compositioninerganic-particles—organic-particles ot
20 mibtre-or pesite-thereof,
(C) at least one amphiphilic non-ionic polyoxyethylene surfactant having
(c1) atleast one hydrophobic group which is an alkyl group having not more than 8
carbon atoms; and
(c2) atleast one hydrophilic group which is a polyoxyethylene group; and

25 (M) an aqueous medium.
45-14. Use of the chemical-mechanical polishing compaosition (Q2) comprising
(A) Colloidal silica particles in an amount of from 0.002 wt.% to 7 wt.% based on the fo-
tal weight of the respective CMP compositioninerganic-particles-organic-particleso
30 Yok, v‘mi: {s“[ U%’ mpv ;kA 4‘5’5 mi,

(C) atleast one amphiphilic non-ionic polyoxyethylene surfactant having
(c1) at least one hydrophobic group which is an alkyl group having not more than 8
carbon atoms; and
(c2) at least one hydrophilic group which is a polyoxyethylene group; and
35 (M) an aqueous medium
for chemical-mechanical polishing of a substrate or layer containing at least one I1l-V ma-
terial.



