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Objects of the disclosure

One of the objects of the present disclosure was to provide a CMP composition and a CMP pro-
cess appropriate for the chemical-mechanical polishing of 1ll-V materials, particularly GaAs sub-
strates, and showing an improved polishing performance, especially

(i)

(ii)
(iii)
(iv)

(V)

a high material removal rate (MRR) of the IlI-V material, for example GaAs,

a low static etch rate (SER) of the lil-V material, for example GaAs,

high surface quality of the IlI-V material, for example GaAs, after the CMP step,

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

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

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

Summary

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 llI-V material in the
presence of a CMP composition (Q1) comprising

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

(B) atleast one type of a polymer comprising at least one N-heterocycle, and

(M) an agueous medium

and whereas Q1 has a pH of from 1.5 to 4.5.

In a first aspect, there is provided a process for the manufacture of semiconductor devices
comprising the chemical-mechanical polishing of HI-V materiais

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

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

(B) a polymer sam ne-Alheterocyslederived from at least one type of
monomeric unit (MUY comprising at least one Ahelerocycle wherain the A
heterocycle is pyrrole, pyvirolidine, imidazole, pyridine, pyrimidine, pyrazine, pyri-
dazine, piperiding, triazole, benzotriazole, tetrazole, thiazole, isothiazole, thiazoli-
dine, oxazole, or isooxazole, and

(M) an aqueous medium

and whereas Q1 has a pH of from 1.5 to 4.5.
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Moreover, the use of the CMP composition (Q1) for chemical-mechanical polishing of a sub-
strate or layer containing at least one lII-V material was found.
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In e-third-aspectan embodiment, there is provided a process for the manufacture of semicon-
ductor devices comprising the chemical-mechanical polishing of a substrate or layer containing
at least one IllI-V material in the presence of a chemical-mechanical polishing composition (Q2)
comprising
(A) inorganic particles selected from the group consisting of alumina, ceria, copper ox-
ide, iron oxide, nickel oxide, manganese oxide, silica, silicon nitride, silicon carbide,
tin oxide, titania, titanium carbide, tungsten oxide, yttrium oxide and zirconia, or or-
ganic particles, or a mixture or composite thereof,
(C) anon-polymeric compound comprising at least one A-heterocycle, and
(M) an agueous medium
and whereas Q2 has a pH of from 1.5 to 4.5.

In a second aspect, there is provided a process for the manufacture of semicoenducior devices
comprising the chemical-mechanical polishing of a subsirate or layer consisting of at least
one -V material

in the presence of a chemical-mechanical polishing composition (Q2) comprising
(A) silica parficles,
(D) pyrrolidone,
(D) an oxidizing agent, and
(N) an agueous medium
and whereas Q2 hasa pH of from 1.5 104 .5,

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.
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Claims:

1.

A process for the manufacture of semiconductor devices comprising the chemical-
mechanical polishing of IlI-V materials
in the presence of a chemical-mechanical polishing composition (Q1) comprising
(A) inorganic particles, organic particles, or a mixture or composite thereof,
(B) a polymer eemprising-al-east-ope-Altheteroeyslederived from at least one type of
monomeric unit (MU) comprising at least one Atheterocycle wherein the A

heterocycle is pyrrole, pyrrolidine, imidazole, pyridine, pyrimidine, pyrazine, pyri-
dazine, piperiding, triazole, benzotriazole, tetrazole, thiazole, isothiazole, thiazol-
idine, oxazole, or isooxazole, and
(M)an aqueous medium
and whereas Q1 has a pH of from 1.5 t0 4.5.

2. A process according to claim 1, wherein the llI-V material is GaN, GaP, GaAs, GaSb,
AlAs, AIN, InP, InAs, InSb, InGaAs, InAlAs, AlGaAs, GaAlN, GalnN, InGaAlAs, InGaAsP,
InGaP, AlInP, GaAlSb, GalnSb, GaAlAsSb, or GalnAsSb.

3. A process according to claim 1, wherein the IlI-V material is GaAs.
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84. A process according to anyone of the claims 1 to £3, wherein the Atheterocycle is pysrali-
dene-erimidazole.

#5. A process according to anyone of the claims 1 to &4, wherein the polymer (B) is a pelyvi-
svleyrralidens-peabmer—a-polyvinylimidazole polymer, or a vinylpyrrolidone / vinylimidazole
copolymer.

86. A process according to anyone of the claims 1 to 75, wherein the composition (Q1) further
comprises

(D) at least one type of an oxidizing agent.
87. A process according to anyone of the claims 1 to 86, wherein the particles (A) are silica

particles.
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4088. A process according to anyone of the claims 1 to 87, wherein the 1lI-V material is GaAs
and wherein the composition (Q1) comprises
(A) silica particles,
(B) a polymer which is derived from at least one type of monomeric unit (MU) com-
prising e-gyrehdens-eran imidazole,
(D) an oxidizing agent, and
(M) an agueous medium.
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(D) an oxidizing agent, and
(M) an aqueous medium
and whereas Q2 has a pH of from 1.5 to 4.5.
A e o, N b e stk s ! ek y ey i
W B o [V ey AT ¥ ¥ L AR ¥ HER I 41 ¥ _)?\Jsu ¥ i ) H e H
ke ook e ErL AL
H t.:} H ] f [} xjt 1 Tl LAY
4 N e oraredie gabemionn AT a4 AL i ey pied pom O o et ¥
FJU & ot NA R T Lw Ty ¥ S ¥ RSy RV H LER SN Ay FINA U | H LY RO ¥ Sk WW Y Feask L$} (4
NS e 6 Pt Ty
AT TS RSTTITRIRAS
N eyrresiiod
7 = ;
{B)-an-oxidizin H-and
Mran gS-rraditit:



e
i
i! FEA

LR

R I

o3
(RGNS g ey

I
T

!""\l
T

by

eyt e
it

v v s Vet
¥ LR A o

TITEY

py

[

et
eIty

[atil & SV T,
YRS (8

-
-

et
t

P

(LA e 4

Pl Eon U s ¥
o

i

LA in

iome
HHoTT

H

U

wifieied oy
b

T

A

I
HE

H
T

LAY

i

et
N

w

\}’1}"’;
[R¥ Lee

ELeI]
Xt

i

fe
STy R

Fa |

i

P
[

IS

IS

LAY 3\)

]

LY
[RA E I I B

Aidry ey
(S 1

2

¥

Lo

3

m@;#n

24

R FANAw )

oY

s

kil

ey

£
T

3
T

fa¥mt

4
T

AR

TERE

»
H

AT

S
A3

ren
iyun

=
QQ‘\ - 3 ¥y l\ ey
’i Ho ity

SAE R

Al

LI oS
L

oI Ta N e R
Ry !kJ k" 2

¥

;! LI
ronTt

o

Y

o4 8 E

£.5r

PO

LN RN iy

[ty

F

[k

TAY




