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POLYMER, SEMICONDUCTOR COMPOSITION COMPRISING
POLYMER, AND METHOD FOR MANUFACTURING FILM USING
SEMICONDUCTOR COMPOSITION

5 BACKGROUND OF THE INVENTION

TECHNICAL FIELD
[0001] The present invention relates to a polymer
comprising certain structural units and a semiconductor
10 composition comprising the polymer. Further, the
present invention also relates to methods for
manufacturing a film and a device, using the
semiconductor composition.

15 BACKGROUND ART
[0002] In the process of manufacturing devices such as
semiconductors, fine processing by lithography
technology using a photoresist has been generally
performed. The fine processing process comprises the

20 processes of: forming a thin resist layer on a
semiconductor substrate such as a silicon wafer, covering
the layer with a mask pattern corresponding to a desired
device pattern, irradiating the layer with an active light
such as ultraviolet radiation through the mask pattern,

25 developing the exposed layer to obtain a photoresist
pattern, and etching the substrate using the obtained
photoresist pattern as a protective film, whereby a fine
unevenness corresponding to the above-described pattern
is formed.

30 [0003] In these photolithography processes, there causes a
problem that dimensional accuracy of the photoresist
pattern is lowered due to the influence of standing wave
resulting from reflection of the light from the substrate
and the influence of irregular reflection of the exposure

35 light resulting from the level difference of the substrate.
Therefore, in order to solve this problem, a method for
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providing a bottom anti-reflective coating has been widely
studied. The characteristics required for such a bottom
anti-reflective coating include having a large absorbance
to the radiation used for exposure of the photoresist,
preventing irregular reflection and the like to make the
cross section of the photoresist after exposure and
development perpendicular to the substrate surface,
having poor solubility in a solvent contained in the
photoresist composition (intermixing hardly occurs), and
the like.

Patent Document 1 discloses an anti-reflective
coating composition comprising a crosslinker. Patent
Document 2 discloses a composition for forming a fine
resist pattern comprising a certain polymer, but it does not
disclose whether or not a bottom anti-reflective coating
can be formed and whether or not it has characteristics
required as a bottom anti-reflective coating.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005] [Patent Document 1] WO 2011/101737

[Patent Document 2] JP 2014-71424 A
[Patent Document 3] WO 2007/111147

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

The present inventors considered that there are one
or more problems still need improvements. These
include, for example, the followings: reduction of
sublimates; appropriate etching resistance; coating
properties; filling properties into complicated and fine
substrates (for example, substrates having level
difference); capability of film formation at low
temperature; large absorbance; suitable refractive index;
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reduction of standing wave; reduction of intermixing with
other composition (for example, resist composition) and
film; flatness of upper surface of the formed film; high
solubility of solute; storage stability; good shape of the
5 formed resist pattern, high yield, and low LWR.

The present invention has been made based on the
technical background as described above and provides a
novel polymer and a composition comprising the same.

10 MEANS FOR SOLVING THE PROBLEMS
[0007] The polymer (A) according to the present invention
comprises at least one structural unit selected from the
group consisting of the following Units (a), (b), (¢) and
(d):
15 Unit (a) represented by the formula (a):

(wherein,
Ra3! and R?? are each independently H, Ci-5 alkyl, Ci-s
alkoxy or -COOH,
20 L? is a single bond, Ci-5 alkylene, -O- or Ci-5 alkoxylene,
mais O to 1,
X2l js H or a Ci-5 hydrocarbon group (one or more of -CHaz-
in the Ci-s hydrocarbon group can be each independently
replaced with -NH-, -C(=0)- and/or -O- and one or more
25 of -CHs in the Ci-5 hydrocarbon group can be each
independently replaced with -NH> and/or -COOH),
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Y2 is N or O, where when Y2 is N, pa is an integer of 1 or 2,
and when Y2 is O, pais 1,
X232 is H or a Ci-5 hydrocarbon group (one or more of -CHa-
in the Ci-5 hydrocarbon group can be each independently
replaced with -NH-, -C(=0)- and/or -O- and one or more
of -CHsz in the Ci-5s hydrocarbon group can be each
independently replaced with -NH> and/or -COOH), and
when pa is 2, two X22 can be identical or different,
where, X3! and X22 can be bonded and/or two X232 can be
bonded when pa is 2, to form a saturated or unsaturated
ring);

Unit (b) represented by the formula (b):

Rbl Rb2

| |

c—C

Ho L
=0

¢
O
j_/mb
Lb

|
(Rb3/)pf \<O_Rb4)qb

(b)

(wherein,

RP! and RP? are each independently H, Ci-s alkyl, Ci-s
alkoxy, Ci-s alkoxyalkyl or -COOH,

mb is O to 1,

L® is a single bond, Ci-5 alkylene, Cs-20 arylene, -O- or Ci-5
alkoxylene,

Zb is a Ce-20 aromatic hydrocarbon or a C7-20 aromatic
substituted aliphatic hydrocarbon,

pb is O to 4,

gb is 1 to 3,

Rb3 is H, Ci-5 alkyl, Ci-s alkoxy, Ci-s alkoxyalkyl or -COOH,
and when pb > 1, each RP3 can be identical or different,
RP4 is H or methyl, and when gb > 1, each RP* can be
identical or different,



WO 2020/169493 PCT/EP2020/054001
5

where, Unit (b) has an aryl having at least one fused
structure);
Unit (c) represented by the formula (c):

Rcl Rc2

1 |

c—C

Ho L
=0

¢
0

\I“’/rnc

LC

|
Ve
Tre),

(c)

5 (wherein,
Rl and R are each independently H, Ci-s alkyl, Ci-s
alkoxy or -COOH,
mcis O to 1,
L¢ is a single bond, Ci-5 alkylene, -O- or Ci-5 alkoxylene,

10 V¢is a fused aromatic hydrocarbon or a fused heterocyclic
ring, and V© has 3 to 6 rings fused,
pcis 0 to 5,

RS is Ci-s5 alkyl, Ci-5 alkoxy or -COOH, and when pc > 1,
each R¢3 can be identical or different); and
15 Unit (d) represented by the formula (d):

(wherein,
RIt and RY2 are each independently H, Ci-s alkyl, Ci-s
alkoxy or -COOH,
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md is O to 1,

L9 is a single bond, Ci-5 alkylene (one or more of -CHz- in

the Ci-5 alkylene can be replaced with -NH-, -C(=0)-

and/or -O- and one or more of -CHz in the Ci-5 alkylene can
be replaced with -OH, -NHz and/or -COOH), -O- or Ci-5
alkoxylene),

wherein, na, np, Nnc and n4, which are the numbers of
repetition respectively of Units (a), (b), (c) and (d), satisfy
the following formulae:

Na + np >0,

nc = 0, and

ng = 0.

[0008] The semiconductor composition according to the
present invention comprises the above-mentioned
polymer (A) and a solvent (B).

[0009] The method for manufacturing a film according to
the present invention comprises the following processes:

(1) applying the semiconductor composition
according to the present invention above a substrate; and

(2) heating said semiconductor composition to form
a film.

[0010] The method for manufacturing a device according to
the present invention comprises the method described
above.

EFFECTS OF THE INVENTION

[0011] It is possible to reduce sublimates. Itis possible to
control the etching resistance. It is possible to obtain a
composition having good coating properties. Itis
possible to satisfactorily filled the composition into
complicated and fine substrates (for example, substrates
having level difference). It is possible to form a film at
low temperature. It is possible to obtain a film having
large absorbance. It is possible to obtain a film having
suitable refractive index. It is possible to reduce
standing wave. It is possible to reduce intermixing with
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other composition (for example, resist composition) and
film. Itis possible to improve flatness of upper surface of
the formed film. It is possible to obtain a composition
having high solubility of solute. It is possible to obtain a
composition having high storage stability. It is possible
to form a resist pattern having a good shape with high
yield. It is possible to form a resist pattern having low
LWR.

DETAILED DESCRIPTION OF THE INVENTION

MODE FOR CARRYING OUT THE INVENTION

In the present specification, unless otherwise
specifically mentioned, the singular includes the plural and
“one” or “that” means “at least one”. In the present
specification, unless otherwise specifically mentioned, an
element of a concept can be expressed by a plurality of
species, and when the amount (for example, % by mass or
mol%) is described, it means sum of the plurality of
species.

“And/or” includes a combination of all elements and
also includes single use of the element.

In the present specification, when a numerical range
is indicated using “to” or “-"
mentioned, it includes both endpoints and units thereof
are common. For example, 5 to 25 mol% means 5 mol%
or more and 25 mol% or less.

In the present specification, the descriptions such as
"Cxy"”, "Cx-Cy" and “Cx"” mean the number of carbons in a
molecule or substituent. For example, Ci-6 alkyl means
an alkyl chain having 1 or more and 6 or less carbons
(methyl, ethyl, propyl, butyl, pentyl, hexyl etc.).

In the present specification, when a polymer has
plural types of repeating unit, these repeating units
copolymerize. Unless otherwise specifically mentioned,
these copolymerizations are any of alternating

, unless otherwise specifically
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copolymerization, random copolymerization, block
copolymerization, graft copolymerization, or a mixture

thereof.

When polymer or resin is represented by a

structural formula, n, m or the like attached next to
5 parentheses indicate the numbers of repetition.

In

the present specification, unless otherwise

specifically mentioned, Celsius is used as the temperature
unit. For example, 20 degrees means 20 degrees

Celsius.

10 [0013] (A) Polymer
The polymer (A) according to the present invention
comprises at least one of structural unit selected from the
group consisting of Unit (a), Unit (b), Unit (¢) and Unit (d)
described below, wherein na, nb, nc and nd, which are the
15 numbers of repetition respectively of Units (a), (b), (¢)

and (d),
Na
Nc
Nd

satisfy the following formulae:
+ np >0,
> 0, and
= 0;

20 and preferably na > 0.
[0014] Unit (a) is represented by the formula (a).

Ral Ra2
| |
4@C—C#
H
=0

wherein,

Cc
I

Ra! and R?Z2 are each independently H, Ci-5 alkyl, Ci-s
25 alkoxy or -COOH,
L? is a single bond, Ci-5 alkylene, -O- or Ci-5 alkoxylene,
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mais O to 1,

X2l is H or a Ci-5 hydrocarbon group (one or more of -CHa-
in the Ci-5s hydrocarbon group can be each independently
replaced with -NH-, -C(=0)- and/or -O- and one or more
of -CHs in the Ci-s hydrocarbon group can be each
independently replaced with -NH2 and/or -COOH),

Y2 is N or O, where when Y2 is N, pa is an integer of 1 or 2,
and when Y2 is O, pais 1, and

X22 ijs H or a Ci-5 hydrocarbon group (one or more of -CHa-
in the Ci-5 hydrocarbon group can be each independently
replaced with -NH-, -C(=0)- and/or -O- and one or more
of -CHs in the Ci-5s hydrocarbon group can be each
independently replaced with -NH> and/or -COOH), and
when pa is 2, two X?2 can be identical or different,
where, X3! and X?2 can be bonded and/or two X22 can be
bonded when pa is 2, to form a saturated or unsaturated
ring.

Unit (a) to be introduced as a pendant is considered
crosslinkable itself. Thereby, when a film is formed using
the composition comprising the polymer (A), a crosslinked
polymer can be formed even if it comprises no crosslinker.

Ral js preferably H, methyl, ethyl, t-butyl or methoxy,
more preferably H or methyl, and further preferably H.

Ra2 js preferably H, methyl, ethyl, t-butyl or methoxy,
more preferably H or methyl, and further preferably
methyl.

L? is preferably a single bond, methylene, ethylene,
propylene, -O- or methoxylene, more preferably
methylene or ethylene, and further preferably methylene.

ma is preferably O or 1, and more preferably 1. 1Itis
possible that the polymer (A) has plural types of Unit (a),
but in such a case, a non-integer number such as ma = 0.5
can be taken. Hereinafter, the same applies to the
numbers in the formula relating to polymer unless
otherwise specified as integers.

Y2 is preferably N, and pa is preferably 2. In other
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aspect, Y2 is N and pa is 1. In this case, N and X232 are
bonded by a double bond (-N=X232).

The Ci-5 hydrocarbon group of X2! can be linear or
branched. X3! is preferably H, methyl, ethyl or propyl,
and more preferably H.

The Ci-5s hydrocarbon group of X22 can be each
independently linear or branched. Preferably, X22 is each
independently a Ci-s hydrocarbon group (one or more of
-CHz- in the Ci-5 hydrocarbon group can be each
independently replaced with -NH- and one or more of -CH3s
in the Ci-5 hydrocarbon group can be each independently
replaced with -NH>).

Preferably, the formula (a) is represented by the
following formula (a-1).

Rat RaZ
| |
c—=cC
H
=0

c
|

wherein,

Ral, R32, 3, ma and X2! are as described above, and X23
and X34 are each independently H or a Ci-s hydrocarbon
group (one or more of -CHz- in the Ci-s hydrocarbon group
can be each independently replaced with -NH-, -C(=0)-
and/or -O- and one or more of -CHs in the Ci-5
hydrocarbon group can be each independently replaced
with -NH2 and/or -COOH),

where, X3! and X23 or X34 can be bonded and/or X23 and X24
can be bonded, to form a saturated or unsaturated ring.
The Ci-s hydrocarbon group of X23 and X2* can be each
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independently linear or branched. Preferably, X33 and X4
are each independently a Ci-s hydrocarbon group (one or
more of -CHz- in the Ci-5s hydrocarbon group can be each
independently replaced with -NH- and one or more of -CH3s
in the Ci-5 hydrocarbon group can be each independently
replaced with -NH>).

Preferably, X3! and X33 or X234 form no ring. When
X23 and X34 form a ring, it is preferably a 5- to 7-membered
ring, wherein one or two atoms constituting the ring are
nitrogen atoms and the remaining atoms are carbon
atoms.

When X23 and X2* form no ring, X23 and X2* are each
independently H, methyl or ethyl, and more preferably H
or methyl. In one preferred embodiment, any one of X33
and X2* is methyl.

Exemplified embodiments of the formula (a-1) are,
for example, as shown below.
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[0020] Further, the formula (a) can also be a case
represented by the formula (a-2).

4

5 wherein,
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Ral, R22, L3, ma and X2! are as described above, and X23° is
a Ci-s hydrocarbon group (one or more of -CHz- in the Ci-5
hydrocarbon group can be each independently replaced
with -NH-, -C(=0)- and/or -O- and one or more of -CHsz in
the Ci-s hydrocarbon group can be each independently
replaced with -NH> and/or -COOH),
where, X3! and X?° can be bonded to form a saturated or
unsaturated ring. Preferably, X3! and X2 form no ring.
The Ci-s hydrocarbon group of X2° can be linear or
branched and is preferably branched. Preferably, X35 is a
Ci-4 hydrocarbon group, where -CHz- in the Ci-4
hydrocarbon group can be replaced with neither -NH-,
-C(=0)- nor -O- and -CHsz in the Ci-4 hydrocarbon group
can be replaced with neither -NH> nor -COOH.
Exemplified embodiments of the formula (a-2) are,
for example, as shown below.

CH,

Further, the formula (a) can also be a case
represented by the formula (a-3).
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Xab
(a-3)

wherein, R3!, R?2, L2, ma and X?2! are as described above,
and X2% js a C1-5 hydrocarbon group (one or more of -CHa-
in the Ci-5 hydrocarbon group can be each independently

5 replaced with -NH-, -C(=0)- and/or -O- and one or more
of -CHs in the Ci-s hydrocarbon group can be each
independently replaced with -NH> and/or -COOH),
where, X2 and X2 can be bonded to form a saturated ring
or an unsaturated ring.

10 [0023] X236 js preferably methyl, ethyl, n-propyl, isopropyl
and t-butyl, and more preferably methyl and n-propyl.
[0024] Exemplified embodiments of the formula (a-3) are,

for example, as shown below.

CH, ¢H,

oH, o, ?,CH, B/CHJ
' HJ H3

15 [0025] Unit (b) is represented by the formula (b).
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Rbl Rb2
jﬂ&_#
Ho [
(|:=O
O

\]_/mb
Lb

|
(Rb3/)pf \(O_Rm)qb

(b)

wherein,
RP! and RP? are each independently H, Ci-s alkyl, Ci-s
alkoxy, Ci-s alkoxyalkyl or -COOH,
mbis0to 1,
L® is a single bond, Ci-5 alkylene, Cs-20 arylene, -O- or Ci-5
alkoxylene,
Zb is a Ce-20 aromatic hydrocarbon or a C7-20 aromatic
substituted aliphatic hydrocarbon,
pb is O to 4,
gb is 1 to 3,
RP3 js H, Ci-s alkyl, Ci-5 alkoxy, Ci-s alkoxyalkyl or -COOH,
and when pb > 1, each RP3 can be identical or different,
and
R4 is H or methyl, and when gb > 1, each RP* can be
identical or different,
where, Unit (b) has an aryl having at least one fused
structure. It can also be said that Unit (b) comprises at
least one fused cyclic hydrocarbon. Such a fused cyclic
hydrocarbon is preferably naphthyl or anthracene.
[0026] RP! js preferably H, methyl, ethyl or t-butyl, and
more preferably H.
RP2 is preferably H, methyl, ethyl or t-butyl, more
preferably H or methyl, and further preferably methyl.
mb is preferably O or 1, and more preferably 1.
L® is preferably a single bond, methylene, ethylene,
propylene, naphthylene, anthracenylene, -O-,
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methoxylene or ethoxylene, more preferably a single bond,
methylene or naphthylene, further preferably a single
bond or naphthylene, and still more preferably a single
bond.

5 RP3 is preferably H, methyl, ethyl, propyl, methoxy
or methoxymethyl, more preferably H, methyl or
methoxymethyl, further preferably H or methoxymethyl,
and still more preferably H. pb is preferably O to 3, more
preferably 0 to 2, further preferably 0 or 1, and still more

10 preferably 0. When pb = 0, it can also be said that RP3 is
noumenally H. In order to secure clarity, when pb = 0, it
can also be made RP3 # H.
Rb4 is preferably H. qgb is preferably 1 to 2, more
preferably 1 or 2, and further preferably 1.
15 [0027] By having Unit (b), the film formed from the polymer
(A) is considered to have a suitable refractive index (n).
For this reason, the polymer (A) having Unit (b) is useful
for the resist underlayer forming composition and further
useful for the bottom anti-reflective coating forming
20 composition. In addition, it is also useful for top
anti-reflective coating forming composition.
[0028] In addition, the following structure is an example of
Unit (b). Inthe above formula (b), this is a case where:
RP! and R2 are H, mb is 1,
25 L and ZP have the following structures, respectively,
Pb is 4, gb is 2,
Rb3 js all -CH2-0-CHs3, and
R4 js all H.
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i
LA
HO i E OH
0o 0
[

[0029] Zb is preferably a benzene ring, a naphthalene ring,
an anthracene ring, a diphenylmethyl, diphenylethyl or a
phenylnaphthylmethyl, and more preferably a
5 naphthalene ring.

Unit (b) can also be represented by the following
formula (b-1).

( Rb1 sz\

R

\ H /Iﬁ\/
(I:=O
\?—/mb

|_b
SIS
( Rbﬁ,r\/\—;{o—w)qb
(b-1)

wherein,
10 RPt, RP2, mb, L, pb, qb, R®3 and RP* are each
independently as described above.
[0030] Exemplified embodiments of the formula (b-1) are,
for example, as shown below.
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é@

OH
[0031] As the formula (b-1), the followings are more
preferable.
o] Q
l OCH, OCH,
5 [0032] Unit (c) is represented by the formula (¢).
Rcl RCZ
c—c¢
H 4\
(|3=0
0
\r—/mc
LC
Ve



WO 2020/169493

10

15

20

25

30

35

[0033]

[0034]

[0035]

PCT/EP2020/054001
19

wherein,

Rl and R are each independently H, Ci-s alkyl, Ci-s
alkoxy or -COOH,

mcisOto 1,

L¢ is a single bond, Ci-s alkylene, -O- or Ci-5 alkoxylene,
V¢is a fused aromatic hydrocarbon or a fused heterocyclic
ring, and V© has 3 to 6 rings fused,

pcis 0 to 5, and

RS is Ci-5 alkyl, Ci-5 alkoxy or -COOH, and when pc > 1,
each R can be identical or different.

R¢! is preferably H, methyl or ethyl, and more
preferably H.

R<2 is preferably H, methyl or ethyl, more preferably
H or methyl, and further preferably methyl.

L¢ is preferably a single bond, methylene, ethylene,
propylene, -O- or methoxylene, more preferably a single
bond or methylene, and further preferably methylene.

mc is preferably 0 or 1, and more preferably 1.

Re3 is preferably H, methyl or ethyl, more preferably
H or methyl, and further preferably H.

pcis preferably 0, 1, 2, 3, 4 or 5, more preferably O,
1 or 2, further preferably 0 or 1, and still more preferably
0. When pc = 0, it can also be said that R is noumenally
H. In order to secure clarity, when pc = 0, it can also be
made RS # H.

By having Unit (c), the film formed from the polymer
(A) is considered to have a suitable absorption parameter
(k) and/or refractive index (n). For example, it is
considered that (k) value and/or (n) value can be
increased. For this reason, the polymer (A) having Unit
(c) is useful for the resist underlayer forming composition
and further useful for the bottom anti-reflective coating
forming composition. In addition, it is also useful for top
anti-reflective coating forming composition.

Vc is preferably anthracene derivatives,
phenanthrene derivatives or xanthene derivatives, more
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preferably anthracene derivatives or phenanthrene
derivatives, and further preferably anthracene
derivatives.
[0036] Preferably, the formula (c) is represented by the
5 following formula (c-1) or (c-2).

( Rel  Re2 \
| |

VR
(IZIO

\r_/m c

Lc

/7 1\

\|_/

\|_~/

(RC3)DC'
(c-1)

wherein,
R¢1, R2, RS3, L and mc are each independently as
described above.

10 One carbon in anthracene, which falls under V¢, can be
replaced with oxygen, and an aspect in which it is not
replaced is more preferable.
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wherein,
R¢1, R2, RS3, L and mc are each independently as
described above.

5 One carbon in phenanthrene can be replaced with oxygen,
and an aspect in which it is not replaced is more preferable.
RS is Ci-5 alkyl, Ci-5 alkoxy or -COOH, and when pc” is 2,
3, 4 or 5, each R®3 can be identical or different. Two R
can form a saturated or unsaturated ring.

10 [0037] Exemplified embodiments of the formula (c-1) are,

for example, as shown below.

[0038] Exemplified embodiments of the formula (¢c-2) are,
for example, as shown below.
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[0039] Exemplified embodiments of formula (c) other than
the above exemplified embodiments are, for example, as
shown below.

Sy ey
OOC SOGNN )
9 .
5
[0040] Unit (d) is represented by the formula (d).
C— C
H
(IZ 0
0
\f"/md
|_d
|
OH
(d)
wherein,
RY and RY? are each independently H, Ci-s alkyl, Ci-s
10 alkoxy or -COOH,

md is O to 1, and

L9 is a single bond, Ci-5 alkylene (one or more of -CHz- in
the Ci-5 alkylene can be replaced with -NH-, -C(=0)-
and/or -O- and one or more of -CHs in the Ci-5 alkylene can
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be replaced with -OH, -NH> and/or -COOH), -O- or Ci5
alkoxylene.

Rd! js preferably H, methyl, ethyl, t-butyl or methoxy,
more preferably H or methyl, and further preferably H.

R92 s preferably H, methyl, ethyl, t-butyl or methoxy,
more preferably H or methyl, and further preferably
methyl.

md is preferably 0 or 1, and more preferably 1.

L9 is preferably Ci-s alkylene (one or more of -CHz in
the Ci-s alkylene can be replaced with -C(=0)- and one or
more of -CHz in the Ci-5 alkylene can be replaced with -OH
and/or -COOH), more preferably Ci-4 alkylene (one or
more of -CHz in the Ci-4 alkylene is -C(=0) and one or
more of -CHsz in the Ci-4 alkylene can be replaced with -OH
and/or -COOH), and further preferably Ci-4 alkylene (one
-CH2- in the Ci-4 alkylene can be replaced with -C(=0)-
and one -CH3 in the Ci-4 alkylene can be replaced with -OH
and/or -COOH).

By having Unit (d), the film formed from the polymer
(A) is considered to have a suitable absorption parameter
(k), refractive index (n) and/or a fast etching rate.
Further, the unit (d) can also function as a crosslinking site
during film formation and can contribute to film formation
and crosslinkability. For this reason, the polymer (A)
having Unit (d) is useful for the resist underlayer forming
composition and further useful for the bottom
anti-reflective coating forming composition. In addition,
it is also useful for top anti-reflective coating forming
composition.

Exemplified embodiments of the formula (d) are, for
example, as shown below.
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0 0
oj\ iy
H,C CH
CH,
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Do
0

{iﬁ "+ f\}?}
e S

[0044] In the polymer (A), na, np, nc and nq, which are the
numbers of repetition respectively of Units (a), (b), (¢)
and (d), satisfy the following formulae:

5 Nna + np >0,
nc = 0, and
ng = 0.
[0045] Nna/ (na + np + nc + nq) is preferably 2 to 80%, more
preferably 5 to 50%, further preferably 10 to 50%, and
10 still more preferably 20 to 40%.
No/ (Na + Np + Nc + Ng) is preferably 10 to 90%, more
preferably 20 to 80%, further preferably 30 to 80%, and
still more preferably 25 to 60%.
nc/ (na + np + Nc + ng) is preferably 3 to 80%, more
15 preferably 5 to 40%, further preferably 5 to 50%, and still
more preferably 8 to 20%.
na/ (na + np + Nc + ng) is preferably O to 80%, more
preferably O to 40%, further preferably 5 to 30%, and still
more preferably 10 to 30%.

0.
H,clJH
j(\g}
o}
HO%
HO

20 [0046] Preferably, these satisfy the following formulae:
5% < na/ (na+ np + nc+ ng) £ 50%,
30% £ np/ (Na+ np + nc + ng) < 80%,
5% < n¢/ (na + np + nc + ng) < 40%, and/or
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0% £ nd/ (na+ np + nc+ ng) < 40%.

Preferably, the total number (nwtai) of all repeating
units contained in the polymer (A) satisfies the following
formula:

80% < (Na + Np + N¢ + Ng) / Niotal £ 100%.

More preferably, it satisfies the following formula:

90% < (nNa + Np + Nc + Ng) / Ntotal £ 100%.

Further preferably, it satisfies the following formula:

95% < (na + nNp + Nc + Nd) / Ntotal £ 100%.

It is also a preferable aspect of the present invention
that being (na + np + Nc + Ng) / Nwotal = 100%, that is, no
repeating unit other than na, ny, nc and nq is contained.

The mass average molecular weight (hereinafter
sometimes referred to as Mw) of the polymer (A) is
preferably 1,000 to 50,000, more preferably 3,000 to
40,000, and further preferably 5,000 to 20, 000.

The number average molecular weight (hereinafter
sometimes referred to as Mn) of the polymer (A) is
preferably 1,000 to 50,000, and more preferably 5,000 to
10,000.

In the present invention, Mw and Mn can be
measured by gel permeation chromatography (GPC). 1In
the measurement, it is a suitable example to use a GPC
column at 40 degrees Celsius, an elution solvent
tetrahydrofuran at 0.6 mL/min and monodisperse
polystyrene as a standard.

The method for synthesizing the polymer (A)
according to the present invention is not particularly
limited, but Exemplified embodiments are shown in the
synthesis examples described later. It is also possible to
combine known synthesis methods with the synthesis
examples.

<Semiconductor composition>

The semiconductor composition according to the
present invention (hereinafter sometimes referred to as
the composition) comprises a polymer (A) and a solvent
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(B).

Here, in the present invention, the semiconductor
composition means a composition to be used in a
semiconductor manufacturing process, and more
preferably to be used in a lithography process. The
semiconductor composition according to the present
invention is preferably a composition for manufacturing
semiconductor. The semiconductor composition
according to the present invention can be one that is
removed in the semiconductor manufacturing process not
to finally remain in the semiconductor. The
semiconductor composition is preferably a resist
underlayer composition, more preferably a bottom
anti-reflective coating composition. Here, the resist
underlayer and the bottom anti-reflective coating are
formed above a substrate and below a resist film. The
resist underlayer and the bottom anti-reflective coating
can be formed in contact with the substrate or the resist
film, or can be formed through an interlayer.

The content of the polymer (A) is preferably 1 to
30% by mass, and more preferably 1 to 15% by mass,
based on the total mass of the composition.

(B) Solvent

The solvent used in the composition according to the
present invention preferably comprises water, a
hydrocarbon solvent, an ether solvent, an ester solvent,
an alcohol solvent or a ketone solvent.

Exemplified embodiments of the solvent include
water, n-pentane, i-pentane, n-hexane, i-hexane,
n-heptane, i-heptane, 2,2,4-trimethylpentane, n-octane,
i-octane, cyclohexane, methylcyclohexane, benzene,
toluene, xylene, ethylbenzene, trimethylbenzene,
methylethylbenzene, n-propylbenzene, i-propylbenzene,
diethylbenzene, i-butylbenzene, triethylbenzene,
di-i-propylbenzene, n-amyl naphthalene, trimethyl
benzene, methanol, ethanol, n-propanol, i-propanol,



WO 2020/169493

10

15

20

25

30

35

PCT/EP2020/054001
27

n-butanol, i-butanol, sec-butanol, t-butanol, n-pentanol,
i-pentanol, 2-methylbutanol, sec-pentanol, t-pentanol,
3-methoxybutanol, n-hexanol, 2-methylpentanol,
sec-hexanol, 2-ethylbutanol, sec-heptanol, heptanol-3,
n-octanol, 2-ethylhexanol, sec-octanol, n-nonyl alcohol,
2,6-dimethylheptanol-4, n-decanol , sec-undecyl alcohol,
trimethyl nonyl alcohol, sec-tetradecyl alcohol,
sec-heptadecyl alcohol, phenol, cyclohexanol,
methylcyclohexanol, 3,3,5-trimethylcyclohexanol, benzyl
alcohol, phenylmethyl carbinol, diacetone alcohol, cresol,
ethylene glycol, propylene glycol, 1,3-butylene glycol,
pentanediol-2,4,2-methylpentanediol-2,4,
hexanediol-2,5, heptanediol-2,4,2-ethylhexanediol-1,3,
diethylene glycol, dipropylene glycol, triethylene glycol,
tripropylene glycol, glycerin, acetone, methyl ethyl ketone,
methyl n-propyl ketone, methyl n-butyl ketone, diethyl
ketone, methyl i-butyl ketone, methyl n-pentyl ketone,
ethyl n-butyl ketone, methyl n-hexyl ketone, di-i-butyl
ketone, trimethylnonane, cyclohexanone, cyclopentanone,
methylcyclohexanone, 2,4-pentanedione,
acetonylacetone, diacetone alcohol, acetophenone,
fenthion, ethyl ether, i-propyl ether, n-butyl ether, n-hexyl
ether, 2-ethylhexyl ether, ethylene oxide, 1,2-propylene
oxide, dioxolane, 4-methyl dioxolane, dioxane, dimethyl
dioxane, ethylene glycol monomethyl ether, ethylene
glycol monoethyl ether, ethylene glycol diethyl ether,
ethylene glycol mono-n-butyl ether, ethylene glycol
mono-n-hexyl ether, ethylene glycol monophenyl ether,
ethylene glycol mono-2-ethyl butyl ether, ethylene glycol
dibutyl ether, diethylene glycol monomethyl ether,
diethylene glycol monoethyl ether, diethylene glycol
diethyl ether, diethylene glycol mono-n-butyl ether,
diethylene glycol di-n-butyl ether, diethylene glycol
mono-n-hexyl ether, ethoxytriglycol, tetraethylene glycol
di-n-butyl ether, propylene glycol monomethyl ether
(PGME), propylene glycol monoethyl ether, propylene
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glycol monopropyl ether, propylene glycol monobutyl ether,
dipropylene glycol monomethyl ether, dipropylene glycol
monoethyl ether, dipropylene glycol monopropyl ether,
dipropylene glycol monobutyl ether, tripropylene glycol
monomethyl ether, tetrahydrofuran,
2-methyltetrahydrofuran; ester solvents such as diethyl
carbonate, methyl acetate, ethyl acetate, y-butyrolactone,
y-valerolactone, n-propyl acetate, i-propyl acetate,
n-butyl acetate, i-butyl acetate, sec-butyl acetate,
n-pentyl acetate, sec-pentyl acetate, 3-methoxybutyl
acetate, methylpentyl acetate, 2-ethylbutyl acetate,
2-ethylhexyl acetate, benzyl acetate, cyclohexyl acetate,
methyl cyclohexyl acetate, n-nonyl acetate, methyl
acetoacetate, ethyl acetoacetate, ethylene glycol
monomethyl ether acetate, ethylene glycol monoethyl
ether acetate, diethylene glycol monomethyl ether acetate,
diethylene glycol monoethyl acetate, diethylene glycol
mono-n-butyl ether acetate, propylene glycol monomethyl
ether acetate, propylene glycol monoethyl ether acetate,
propylene glycol monopropyl ether acetate, propylene
glycol monobutyl ether acetate, dipropylene glycol
monomethyl ether acetate, dipropylene glycol monoethyl
ether acetate, glycol diacetate, methoxytriglycol acetate,
ethyl propionate, n-butyl propionate, i-amyl propionate,
diethyl oxalate, di-n-butyl oxalate, methyl lactate, ethyl
lactate (EL), y-butyrolactone, n-butyl lactate, n-amyl
lactate, diethyl malonate, dimethyl phthalate, diethyl
phthalate, propylene glycol 1-monomethyl ether
2-acetate (PGMEA), propylene glycol monoethyl ether
acetate and propylene glycol monopropyl ether acetate;
N-methylformamide, N,N-dimethylformamide,
N,N-diethylformamide, acetamide, N-methylacetamide,
N,N-dimethylacetamide, N-methylpropionamide,
N-methyl pyrrolidone, dimethyl sulfide, diethyl sulfide,
thiophene, tetrahydrothiophene, dimethyl sulfoxide,
sulfolane, and 1,3-propane sultone. These solvents can
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be used alone or in combination of two or more.

The solvent (B) is more preferably PGMEA, PGME or
a mixture thereof.

It is one aspect that the solvent (B) contains no
water in relation to other layers or films. For example,
the amount of water in the entire solvent (B) is preferably
0.1% by mass or less, more preferably 0.01% by mass or
less, and further preferably 0.001% by mass or less.

The content of the solvent (B) is preferably 50 to
99% by mass, more preferably 70 to 98% by mass, and
further preferably 80 to 95% by mass based on the total
mass of the semiconductor composition. The film
thickness after film formation can be controlled by
increasing or decreasing the amount of the solvent in the
entire composition.

(C) Crosslinker

The composition according to the present invention
can further comprise a crosslinker. In addition, in the
present invention, the crosslinker means a compound
itself having a crosslinking function. The compound
having a crosslinking function is sometimes dissolved or
dispersed in a solvent and contained in the composition.
Such a solvent is preferably contained in the
semiconductor composition as the solvent (B) or other
component.

The crosslinker is useful to increase film formability
when forming a film of the composition, to prevent the film
from being intermixed with a film (for example, resist film)
to be formed on its upper layer, and to eliminate diffusion
of low molecular components into the upper layer film.
As is described later in Examples, among the polymer (A)
according to the present invention, there are those good in
film formation, filling properties and crosslinkability even
without containing any crosslinker. Further, it is possible
to suppress sublimate (outgas) during film formation,
which is useful for avoiding contamination of the
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apparatus. For this reason, as one aspect of the present
invention, it is preferable that the content of the
crosslinker to be added is less. Therefore, the content of
the crosslinker is preferably 0 to 5% by mass, more
preferably 0 to 1% by mass, and further preferably 0% by
mass, based on the total mass of the polymer (A). The
content of the crosslinker can be reduced by introducing a
structure, which is capable of crosslinking, in the structure
of the polymer (A).

As the crosslinker, melamine compounds,
guanamine compounds, glycoluril compounds or urea
compounds substituted by at least one group selected
from a methylol group, an alkoxymethyl group, and an
acyloxymethyl group; epoxy compounds; thioepoxy
compounds; isocyanate compounds; azide compounds;
and compounds comprising a double bond such as an
alkenyl ether group can be referred. Further, compounds
comprising a hydroxy group can also be used as the
crosslinker.

As the epoxy compounds,
tris(2,3-epoxypropyl)isocyanurate, trimethylolmethane
triglycidyl ether, trimethylolpropane triglycidyl ether, and
triethylolethane triglycidyl ether can be referred. As the
melamine compounds, hexamethylolmelamine,
hexamethoxymethylmelamine, compounds derived by
methoxymethylation of 1 to 6 methylol groups of
hexamethylolmelamine and mixtures thereof,
hexamethoxyethylmelamine,
hexaacyloxymethylmelamine, compounds derived by
acyloxymethylation of 1 to 6 methylol groups of
hexamethylolmelamine or mixtures thereof can be
referred. As the guanamine compounds,
tetramethylolguanamine, tetramethoxymethylguanamine,
compounds derived by methoxymethylation of 1 to 4
methylol groups of tetramethylolguanamine and mixtures
thereof, tetramethoxyethylguanamine,
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tetraacyloxyguanamine, compounds derived by
acyloxymethylation of 1 to 4 methylol groups of
tetramethylolguanamine and mixtures thereof can be
referred. As the glycoluril compounds,
tetramethylolglycoluril, tetramethoxyglycoluril,
tetramethoxymethylglycoluril, compounds derived by
methoxymethylation of 1 to 4 methylol groups of
tetramethylolglycoluril or mixtures thereof, compounds
derived by acyloxymethylation of 1 to 4 methylol groups of
tetramethylolglycoluril or mixtures thereof can be referred.
As the urea compounds, tetramethylolurea,
tetramethoxymethylurea, compounds derived by
methoxymethylation of 1 to 4 of methylol groups of
tetramethylolurea or mixtures thereof,
tetramethoxyethylurea, and the like can be referred. As
the compounds containing an alkenyl ether group,
ethylene glycol divinyl ether, triethylene glycol divinyl
ether, 1,2-propanediol divinyl ether, 1,4-butanediol divinyl
ether, tetramethylene glycol divinyl ether, neopentyl
glycol divinyl ether, trimethylolpropane trivinyl ether,
hexanediol divinyl ether, 1,4-cyclohexanediol divinyl ether,
pentaerythritol trivinyl ether, pentaerythritol tetravinyl
ether, sorbitol tetravinyl ether, sorbitol pentavinyl ether,
trimethylolpropane trivinyl ether, and the like can be
referred.

As the other crosslinker, those represented by the
following formula can be referred.

R20 R20
\o O/
HO L3 OH

0 o
R£J \RZO

wherein,
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L3 is a direct bond, substituted or unsubstituted Ci-3 alkyl,
and R2% is hydrogen or methyl. L3 is preferably a direct
bond or methyl, and more preferably a direct bond. The
substituent of the Ci-3 alkyl is preferably hydrogen, methyl,

5 Ces-10 aryl, or any one of the following two formulae, and
more preferably methyl or any one of the following two
formulae.

/

o]
OH
H & {g
OhR
10}
\ . OH
[0058] Exemplified embodiments of the crosslinker

10 represented by the above formula are as shown below, but
the scope of the present invention is not limited thereto.

~

\ . ~o \?\H\:?
%"Qj? = \ H

[0059] The crosslinking temperature for film formation of
the present composition is preferably 50 to 230°C, more
15 preferably 80 to 220°C, and further preferably 80 to
190°C.
[0060] (D) Acid generator
The composition according to the present invention
can further comprise an acid generator. In addition, in
20 the present invention, the acid generator means a
compound itself having an acid generating function. The
compound having an acid generating function is
sometimes dissolved or dispersed in a solvent and
contained in the composition. Such a solvent is preferably
25 contained in the semiconductor composition as the solvent
(B) or other component.
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The content of the acid generator (D) is preferably
0.01 to 10% by mass, and more preferably 1 to 7% by
mass, based on the total mass of the polymer (A).

As the acid generator, a thermal acid generator
(TAG) capable of generating a strong acid by heating can
be used. The acid generator to be used in the present
invention is preferably a compound that generates by
heating an acid capable of reacting with the polymer (A)
according to the present invention and of propagating
crosslinking of the polymer. In a preferred embodiment,
the acid to be generated is a strong acid such as sulfonic
acid.

Preferably, the thermal acid generator is activated at
a temperature exceeding 80°C. Examples of the thermal
acid generator include metal-free sulfonium salts and
metal-free iodonium salts, for example, triarylsulfonium,
dialkylarylsulfonium and diarylalkylsulfonium salts of
strong non-nucleophilic acids, and alkylaryliodonium and
diaryliodonium salts of strong non-nucleophilic acids; and
ammonium, alkylammonium, dialkylammonium,
trialkylammonium, and tetraalkylammonium salts of
strong non-nucleophilic acids. Further, covalent thermal
acid generators are also considered as useful additives,
and examples thereof include 2-nitrobenzyl esters of alkyl
or aryl sulfonic acids and other sulfonic acid esters which
are thermally decomposed to give free sulfonic acid.
Examples thereof include diaryliodonium perfluoroalkyl
sulfonates, diaryliodonium
tris(fluoroalkylsulfonyl)methides, diaryliodonium
bis(fluoroalkylsulfonyl)methides, diaryliodonium
bis(fluoroalkylsulfonyl)imides, and diaryliodonium
quaternary ammonium perfluoroalkyl sulfonates.
Examples of the labile ester include 2-nitrobenzyl tosylate,
2,4-dinitrobenzyl tosylate, 2,6-dinitrobenzyl tosylate, and
4-nitrobenzyl tosylate; benzenesulfonates such as
2-trifluoromethyl-6-nitrobenzyl 4-chlorobenzenesulfonate
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and 2-trifluoromethyl-6-nitrobenzyl
4-nitrobenzenesulfonate; phenolic sulfonate esters such
as phenyl 4-methoxybenzenesulfonate; quaternary
ammonium tris(fluoroalkylsulfonyl)methides, quaternary
alkylammonium bis(fluoroalkylsulfonyl)imides, and
alkylammonium salts of organic acids such as
triethylammonium salt of 10-camphorsulfonic acid.
Various aromatic (anthracene, naphthalene or benzene
derivative) sulfonic acid amine salts, including those
disclosed in U.S. Patent No. 3,474,054, No. 4,200,729, No.
4,251,665 and No. 5,187,019, can be used as the TAG.
The acid generator to be used in the present invention can
be two or more compounds.

(E) Surfactant

The composition according to the present invention
can further comprise a surfactant in order to improve
coating properties. Here, in the present invention, the
surfactant means a compound itself having a surface
active action. The compound having a surface active
action is sometimes dissolved or dispersed in a solvent
and contained in the composition. Such a solvent is
preferably contained in the semiconductor composition as
the solvent (B) or other component.

The content of the surfactant (E) is preferably 0.001
to 5% by mass, and more preferably 0.01 to 0.5% by mass,
based on the total mass of the polymer (A).

As the surfactant (E) that can be used in the present
invention, (I) an anionic surfactant, (II) a cationic
surfactant or (III) a nonionic surfactant can be referred,
and in particular, (I) alkyl sulfonate, alkylbenzene sulfonic
acid and alkylbenzene sulfonate, (II) lauryl pyridinium
chloride and lauryl methyl ammonium chloride, and (III)
polyoxyethylene octyl ether, polyoxyethylene lauryl ether
and polyoxy ethylene acetylenic glycol ether are
preferred.

(F) Additive
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The composition according to the present invention
can comprise other additive (F) than (A) to (E).

The additive (F) is not particularly limited, but the
additive is preferably at least one selected from the group
consisting of a base generator, a smoothing agent, a
monomeric dye, a lower alcohol (Ci-¢ alcohol), a surface
leveling agent, a substrate adhesion agent, an
antifoaming agent and an antiseptic. As in the case of a
base generator, for example, wherein it means a
compound itself that generates a base, the additive means
a compound itself having its function. The compound is
sometimes dissolved or dispersed in a solvent and
contained in the composition. Such a solvent is preferably
contained in the semiconductor composition as the solvent
(B) or other component.

The content of the additive (F) is preferably O to
10% by mass, and more preferably O to 5% by mass,
based on the total mass of the polymer (A). Itis a
preferable example of the composition according to the
present invention that no additive (F) is contained (0% by
mass).

<Method for manufacturing a film>

The method for manufacturing a film according to
the present invention comprises the following processes:

(1) applying the semiconductor composition
according to the present invention above a substrate; and

(2) heating said semiconductor composition to form
a film.

Here, the film according to the present invention
means a film derived from the semiconductor composition
according to the present invention, and is hereinafter
sometimes referred to as the film (2). The film (2) is
preferably a resist underlayer, and more preferably a
bottom anti-reflective coating.

Hereinafter, one aspect of the manufacturing
method according to the present invention is described.
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The semiconductor composition according to the
present invention is applied above a substrate (for
example, a silicon/silicon dioxide-coated substrate, a
silicon nitride substrate, a silicon wafer substrate, a glass
substrate, an ITO substrate, and the like) by an
appropriate method. Here, in the present invention, the
“above” includes the case where a layer is formed
immediately above a substrate and the case where a layer
is formed above a substrate via another layer. For
example, a planarization film can be formed immediately
above a substrate, and the composition according to the
present invention can be applied immediately above the
planarization film. The application method is not
particularly limited, and examples thereof include a
method using a spinner or a coater. After application, the
film according to the present invention is formed by
heating. The heating of (2) is performed, for example, by
a hot plate. The heating temperature is preferably 100 to
250°C, more preferably 125 to 225°C, and further
preferably 150 to 200°C. The temperature here is a
temperature of heating atmosphere, for example, that of a
heating surface of a hot plate. The heating time is
preferably 30 to 300 seconds, and more preferably 45 to
180 seconds. The heating is preferably performed in an
air or nitrogen gas atmosphere. By this heating,
crosslinking reaction proceeds in the composition.
Therefore, the film (2) is not easily dissolved in the
subsequent processes.

The film thickness of the film (2) is preferably 10 to
1,000 nm, more preferably 30 to 500 nm, and further
preferably 50 to 100 nm.

The absorption parameter (k) of the film (2) is
measured by ellipsometric measurement and is a
numerical value of 0.01 to 1.0 depending on the exposure
wavelength. The refractive index (n) is also optimized
and can be a numerical value of 1.3 to 2.0, and preferably
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1.5 to 1.9, depending on the exposure wavelength. The
values of n and k can be calculated using an ellipsometer
such as Woollam WVASE VU-32 (trademark) ellipsometer.
The exact values in the optimal range for k and n depend
on the exposure wavelength used to expose the resist film
coated on the film of (2) and the application method.

Subsequently, a resist film can be manufactured by
the method comprising the following processes:

(3) applying a resist composition above the film (2),
and

(4) heating the resist composition to form a resist
film.

Although this is described for clarity, the processes
(1) and (2) are performed before the process (3).
Numbers in parentheses indicating processes mean order.
The same applies to the followings.

The resist composition is applied above the film (2)
by an appropriate method. The application method is not
particularly limited and can be the same as the above
application.

The resist composition is not particularly limited,
and any positive resist composition, negative resist
composition or negative tone development (NTD) resist
composition can be used as long as it is sensitive to
exposure light for pattern formation. The resist
composition to be used in the present invention is
preferably a positive resist composition or a negative
resist composition, and more preferably a chemically
amplified positive resist composition or a chemically
amplified negative resist composition. Further, the resist
composition preferably comprises an acid generator or a
base generator.

After application, a resist film is formed by heating.
The heating temperature of (4) is preferably 80 to 250°C,
more preferably 80 to 200°C, and further preferably 90 to
180°C. The heating time is preferably 30 to 600 seconds,
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more preferably 30 to 300 seconds, and further preferably
60 to 180 seconds. The heating is preferably performed
in an air or nitrogen gas atmosphere.

The thickness of the resist film varies depending on
the exposure wavelength but is preferably 100 to 50,000
nm. When a KrF excimer laser is used for exposure, the
film thickness of the resist film is preferably 100 to 5,000
nm, more preferably 100 to 1,000 nm, and further
preferably 400 to 600 nm.

Subsequently, a resist pattern can be manufactured
by the method comprising the following processes:

(5) exposing the resist film, and

(6) developing the resist film.

Exposure is performed to the resist film through a
predetermined mask. The wavelength of light to be used
for exposure is not particularly limited, but it is preferable
to expose with light having wavelength of 13.5 to 248 nm.
In particular, KrF excimer laser (wavelength: 248 nm), ArF
excimer laser (wavelength: 193 nm), extreme ultraviolet
light (wavelength: 13.5 nm), or the like can be used, and
KrF excimer laser is preferable. These wavelengths allow
arange of £ 1%. After exposure, post exposure bake can
be performed as necessary. The post exposure heating
temperature is preferably 80 to 150°C, more preferably
100 to 140°C, and the heating time is 0.3 to 5 minutes,
preferably 0.5 to 2 minutes.

The exposed resist film is developed using a
developer. The developer to be used is preferably a
2.38% by mass tetramethylammonium hydroxide (TMAH)
aqueous solution. The temperature of the developer is
preferably 5 to 50°C, more preferably 25 to 40°C, and the
development time is preferably 10 to 300 seconds, more
preferably 30 to 60 seconds.

Using such a developer, the resist film and/or the
film (2) can be easily dissolved and removed at room
temperature. Further, to these developers, for example,



WO 2020/169493

10

15

20

25

30

35

PCT/EP2020/054001
39

a surfactant can also be added.

When a positive resist composition is used, the
exposed portion of the positive photoresist layer is
removed by development to form a resist pattern. The
resist pattern can be further made finer, for example,
using a shrink material.

Subsequently, a processed substrate can be
manufactured by the method comprising the following
process:

(7) etching with the resist pattern as a mask.

Using the resist pattern as a mask, the film (2) or
substrate is preferably etched. At this time, the
substrate can be processed by etching the film (2) and
substrate at a time, or it is also possible to process in
stages, in such a way that after etching the film (2), the
substrate is etched using the film (2) as a mask. Etching
can be either dry etching or wet etching. Thereby, a gap
can be formed in the substrate or a layer on the substrate.
After the gap is formed, the resist pattern can be removed
by making it contact with water, a mixed solution of
water-soluble organic solvent and water, or an alkaline
aqueous solution. Further, it is also possible to form a
wiring using the formed gap. In addition, the substrate
can be processed by a method other than etching.

Thereafter, if necessary, the substrate is further
processed to form a device. For these further processing,
known methods can be applied. After forming the device,
if necessary, the substrate is cut into chips, which are
connected to a lead frame and packaged with resin. In
the present invention, this packaged product is referred to
as a device.

Examples

The present invention is described below with
reference to examples. In addition, the aspect of the
present invention is not limited only to these examples.

Synthesis of Polymer 1
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In a three-necked flask, 350 g of PGMEA is put, and
subsequently 32.79g of MOI-BP (Karenz MOI-BP, Showa
Denko), 20g of McHN (Kawasaki Kasei Chemicals), 6.422¢g
of DYE-M9A (Osaka Shinyaku) and 8.16g of HPMA (light
5 ester HOP, Kyoeisha Chemical), which are shown below,
are added. These fall under Unit (a), Unit (b), Unit (¢)
and Unit (d), respectively.

\Hi"ho\nio W)OLO\[HOL‘)OH
Y :

Wi
MOI-BP  McHN DYE-M9A HPMA

Subsequently, V-601/oil-soluble azo polymerization

10 initiator (Fuji Film Wako Pure Chemical) is added. The
three-necked flask is filled with nitrogen, covered, heated
while stirring with a stirring bar, and the liquid is reacted at
80°C for 4 hours. Subsequently, 3g of PGME is added and
stirred to complete the polymerization. The reaction

15 liquid is returned to a room temperature. The reaction
liquid is dropped into 1,500g of hexane to precipitate
polymer. This is filtered and dried under reduced
pressure to obtain Polymer 1.

20 Polymer 1 (molar ratio, na: np: nc: ng = 26: 49: 14:
11): When measured by GPC (elution solvent:
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tetrahydrofuran), Mn of polymer 1 is 9,900 and Mw is
22,200.

Synthesis of Polymers 2 to 11 and Comparative
Polymers 1 and 2

The synthesis is performed in the same manner as in
the above-described synthesis example of Polymer 1
except that the molar ratio of Unit (a), Unit (b), Unit (¢)
and Unit (d) is changed as shown in Table 1. Polymers 2
to 11 and Comparative Polymers 1 and 2 are obtained.

It is capable of visually confirming that Comparative
Polymers 1 and 2 are gelled. Comparative Polymers 1
and 2 are judged to be unsuitable for fine processing and
are not subjected to subsequent evaluations.

Mn and Mw of each polymer are measured by GPC
(elution solvent tetrahydrofuran) and they are as shown in
Table 1.

[Table 1]
Table 1
Unit (a) | Unit (b) [ Unit (c) | Unit (d) Mn/Mw
Polymer 1 26 49 14 11 9,900/22,200
Polymer 2 49 40 11 0 9,800/39,000
Polymer 3 26 49 12 13 8,600/20,200
Polymer 4 25 49 14 12 7,800/19,600
Polymer 5 18 49 14 19 9,200/20,000
Polymer 6 11 49 14 26 1,1300/25,100
Polymer 7 18 59 12 11 8,400/19,900
Polymer 8 44 29 8 19 10,100/22,000
Polymer 9 33 49 8 30 10,100/22,000
Polymer 10 0 55 15 30 4,200/17,800
Polymer 11 0 15 5 80 5,800/19,400
Comparative| 0 50 50 gelation
Polymer 1
ngs%r::';e 0 0 33 67 gelation

Preparation of Composition 1

Surfactant (MEGAFACE R-40, DIC) is dissolved in
PGMEA so as to be 5% by mass. This is designated as
the 5% by mass surfactant solution.

As the solvent, 68.4 g of PGMEA and 29.4g of PGME
are mixed. To this, 0.04g of camphorsulfonic acid (Fuji
Film Wako Pure Chemical) and 0.018g of triethylamine



WO 2020/169493 PCT/EP2020/054001

10

15

20

25

42

(Kanto Chemical) are added. These function as a thermal
acid generator.

H
C 3 o \
H,C CHZS03 ®
rNH\/-

To this, 2g of Polymer 1 and 0.048g of the 5% by
mass surfactant solution are added, and stirred and mixed
at room temperature for 1 hour. Thereby, Composition 1
is obtained.

When visually observed Composition 1, it is capable
of confirming that the solute is dissolved.

Preparation of Compositions 2 to 11

The preparation is performed in the same manner as
the preparation of Composition 1 except that the polymer
used is changed as shown in Table 2, and Compositions 2
to 11 are obtained.

When visually observed each composition, it is
capable of confirming that the solute is dissolved.

Preparation of Composition 12

Surfactant (MEGAFACE R-40) is dissolved in PGMEA
so as to be 5% by mass.  This is designated as the 5% by
mass surfactant solution.

As the solvent, 68.4g of PGMEA and 29.4g of PGME
are mixed. To this, 0.04g of camphorsulfonic acid and
0.018g of triethylamine are added. These function as a
thermal acid generator.

To this, 2g of Polymer 1, 0.6g of the following
crosslinker NIKALAC MX-270 (Sanwa Chemical) and
0.048g of the 5% by mass surfactant solution are added,
and stirred and mixed at room temperature for 1 hour.
Thereby, Composition 12 is obtained.
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H3c:OHzc‘\\le\N/x:Hzoc;H3
FhCOHzc/N \[KQ\CHQOCH:;,
0

When visually observed Composition 12, it is
capable of confirming that the solute is dissolved.

Preparation of Compositions 13 and 14

The preparation is performed in the same manner as
the preparation of Composition 12 except that the polymer
used is changed as shown in Table 2, and Compositions 13
and 14 are obtained.

When visually observed each composition, it is
capable of confirming that the solute is dissolved.

Preparation of Comparative Composition 1

The following PO90D polymer is dissolved in PGMEA
so as to be 17% by mass. This is designated as the
PO90D polymer solution.

Surfactant (MEGAFACE R-40) is dissolved in PGMEA
so as to be 5% by mass. This is designated as the 5% by
mass surfactant solution.

As the solvent, 68.4g of PGMEA and 29.4g of PGME
are mixed. To this, 0.04g of camphorsulfonic acid and
0.018g of triethylamine are added. These function as a
thermal acid generator. To this, 3.2 g of the following
VPS-2515 (poly(hydroxystyrene/styrene) copolymer),
4.6g of the PO90D polymer solution, 0.6g of a crosslinker
(TMOM-BP) and 0.048 g of the 5% by mass surfactant
solution are added, and stirred and mixed at room
temperature for 1 hour. Thereby, Comparative
Composition 1 is obtained. Hereinafter, for simplification,
when VPS-2515 and PO90D are polymer components, they
are described as VPS + P090D.

When visually observed Comparative Composition 1,
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it is capable of confirming that the solute is dissolved.
/ 0] O (0] [¢]
o 02 o] o}
4 = 0 )[\ /2
PPy or
o

(PO90D polymer, TOHO Chemical; a: b: c: d = 35.7:
35.7: 17.9: 10.7; molecular weight: 4,000 to 8,000)

85 15
5 OH
(VPS-2515, Nippon Soda; molecular weight: 3,300 to

4,300)

(TMOM-BP, Honshu Chemical Industry)
10 [0080] Preparation of Comparative Composition 2
The PO90D polymer is dissolved in PGMEA so as to
be 17% by mass. This is designated as the PO90D
polymer solution.
Surfactant (MEGAFACE R-40) is dissolved in PGMEA
15 so as to be 5% by mass. This is designated as the 5% by
mass surfactant solution.
As the solvent, 68.4g of PGMEA and 29.4g of PGME
are mixed. To this, 0.04g of camphorsulfonic acid and
0.018g of triethylamine are added. These function as a
20 thermal acid generator.
To this, 3.2g of poly(hydroxystyrene/styrene)
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copolymer (VPS-2515), 4.6g of the PO90D polymer
solution, and 0.048g of the 5% by mass surfactant
solution are added, and stirred and mixed at room
temperature for 1 hour. Thereby, Comparative
Composition 2 is obtained.

When visually observed Comparative Composition 1,
it is capable of confirming that the solute is dissolved.

Evaluation of film formation

Using a coater/developer, Mark 8 (manufactured by
Tokyo Electron Ltd.), each composition is spin-coated on a
Si bare wafer. The wafer is baked in an air at 180°C for
60 seconds to form a film.

By this process, if a film is formed from the
composition, the film formation is evaluated as A, and if no
film is formed, the film formation is evaluated as B. The
evaluation results are shown in Table 2.

When measured with LambdaAce VM-1210
(SCREEN), the film thickness is 45 nm.

Evaluation of uniformity

Uniformity of the film formed by the above film
formation is evaluated. The evaluation criteria are as
described below. The evaluation results are shown in
Table 2.

A: Through visual observation, it is confirmed
uniformly applied.

B: Through visual observation, presence of spots is
confirmed.

In addition, the film formed using Composition 1 has
a difference between the maximum value and the
minimum value of 2 nm or less when the film thickness is
measured at 21 points on a straight line.

[Table 2]
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Table 2
Polymer (A) [ Crosslinker F"m. Uniformity
formation

Composition 1 Polymer 1 | Not included A A
Composition 2 Polymer 2 | Not included A A
Composition 3 Polymer 3 | Not included A A
Composition 4 Polymer 4 | Not included A A
Composition 5 Polymer 5 | Not included A A
Composition 6 Polymer 6 | Not included A A
Composition 7 | Polymer 7 | Not included A A
Composition 8 Polymer 8 | Not included A A
Composition 9 Polymer 9 | Not included A A
Composition 10 | Polymer 10 | Not included A A
Composition 11 | Polymer 11 | Not included A A
Composition 12 | Polymer 1 Included A A
Composition 13 | Polymer 10| Included A A
Composition 14 | Polymer 11 Included A A
Comparative |\ /oe bogop | Included A A
Composition 1

Comparative |\ /be | bogoD | Not included A A
Composition 2

[0083]

Evaluation of optical constants

Optical constants of the film formed by the above

film formation are evaluated.
with Ellipsometer M2000-D (J.A. Woollam) and

Reflected light is measured

wavelength of 248 nm. Thereby, optical constants n

value and k value are obtained.

are shown in Table 3.
It is capable of confirming that the film formed from

Composition 1 has sufficient characteristics as an

antireflection film.

[0084]

Evaluation of filling properties

The evaluation results

Each composition is spin-coated on a silicon
substrate with level difference (line space ratio: 1 : 2,
pitch width: 48 nm (L16 nm/S32 nm), depth: 100 nm),
and a section of the substrate is observed with SEM and

filling properties is evaluated.

The evaluation criteria are

as described below. The evaluation results are shown in

Table 3.

A: In the SEM photograph, no voids are observed in
the level difference where the composition is filled.
B: In the SEM photograph, some voids existin a part
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of the level difference where the composition is filled.

Evaluation of crosslinkability

The film thickness of the film formed by the above
film formation is designated as the initial film thickness.
The wafer is immersed in a PGMEA/PGME solution (AZ
EBR7030, Merck Performance Materials, hereinafter
referred to as MPM) for 60 seconds, then spin-dried, and
the film thickness is measured again. When the decrease
width of the film thickness is less than 2 nm compared with
the initial film thickness, it is evaluated that the
crosslinking is sufficient. In the case of sufficient
crosslinking, the baking temperature at the film formation
is lowered sequentially to 170°C, 160°C and 150°C, and
the same experiment and evaluation are performed until
the film thickness decreased to 2 nm or more (insufficient
crosslinking). Through this, confirmation of
crosslinkability is conducted. Conditions of the baking
temperature immediately before crosslinking becomes
insufficient (temperature at which crosslinking is
sufficient) are shown in the table.

When the film of 10 nm or more is dissolved by the
PGMEA/PGME solution, it is evaluated as B.

The evaluation results are shown in Table 3.

Formation of resist pattern

A resist composition (AZ DX3200P, MPM) is
spin-coated on the film formed by the above film
formation, and baked at 90°C for 60 seconds. Thereby, a
resist film having film thickness of 580 nm is formed.

This wafer is exposed with PFA-3000 EX-5 (Canon)
under the conditions of wavelength: 248 nm, mask size =
200 nm, and line: space =1 : 1. The exposed wafer is
subjected to post-exposure baking treatment at 120°C for
90 seconds, and developed using a 2.38% by mass TMAH
aqueous solution for 60 seconds. The resultant is rinsed
with water and spin-dried. Thereby, a resist pattern is
formed.
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Evaluation of standing wave

PCT/EP2020/054001

The resist pattern formed above is observed with a

scanning electron microscope and the state of standing

wave is evaluated.

The evaluation results are shown in Table 3.

resist wall surface is hardly waved.
B: A reduction of the standing wave is observed. The
resist wall surface is slightly waved.

The evaluation criteria are as follows.

A: A reduction of the standing wave is observed. The

C: A reduction of standing wave is not indicated.

[Table 3]
Table 3
Polymer (A) | Crosslinker [n value|k value F”“ng. Cro;ghk Standing
properties| ability wave

Composition 1 Polymer 1 |[Not included 1.8 0.32 A 150°C A
Composition 2 | Polymer 2 [Not included| 1.79 0.31 A 160°C A
Composition 3 Polymer 3 |Not included| 1.83 0.28 A 150°C A
Composition 4 Polymer 4 [Not included 1.8 0.31 A 150°C A
Composition 5 Polymer 5 [Not included 1.8 0.32 A 150°C A
Composition 6 | Polymer 6 [Notincluded| 1.8 0.32 A 150°C A
Composition 7 | Polymer 7 [Not included| 1.85 0.3 A 150°C A
Composition 8 | Polymer 8 |Not included| 1.81 0.31 A 150°C A
Composition 9 Polymer 9 [Not included| 1.81 0.31 A 150°C A
Composition 10 | Polymer 10 |Not included| 1.83 0.36 A B B
Composition 11 | Polymer 11 [Not included| 1.64 0.14 A B B
Composition 12 | Polymer 1 Included 1.81 0.31 A 150°C A
Composition 13 | Polymer 10 Included 1.83 0.36 A 150°C A
Composition 14 | Polymer 11 Included 1.64 0.14 A 150°C A
Comparative |\ /be L bogoD |Not included| 1.8 | 0.01 A B B
Composition 1

Comparative | \ps.pooop | Included | 1.8 | 0.01 A 180°C | A

Composition 2

[0088]

Evaluation of sublimate

The test and evaluation according to the measuring

method of the sublimate in thermally set film using the
QCM sensor described in W02007/111147 (Patent
Document 3) are performed.
Composition 1 is applied on a silicon wafer substrate
having a diameter of 4 inches with a spin coater at 2,500

rpm for 60 seconds.

78 nm.

The film thickness is measured to be

The above wafer is set in a sublimate measuring

device integrated with a hot plate, which is adjusted to
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205°C, and baked for 60 seconds, and the sublimate is
collected and determined the quantity using a QCM sensor
(TH-Q100 and Sensor SEN-9E-H10, TAMADEVICE).

Measurement is performed by raising the
temperature of the hot plate to 180°C, setting the pump
flow rate to 1m3/s and leaving the sublimate for aging for
the first 60 seconds. Immediately after that, the wafer
coated with the film is quickly put on the hot plate from the
slide aperture (measuring object is installed), and the
sublimate from the time point of 60 seconds to that of 120
seconds (for 60 seconds) is collected.

A nozzle with a diameter of 2 mm is attached to the
flow attachment (detection part) connecting the QCM
sensor and the collection funnel part, and the distance
between the sensor and the nozzle is kept at 0.5 mm.
Further, a QCM sensor, for which an electrode made of a
compound containing silicon and aluminum is used and
which has a crystal resonator with a diameter (sensor
diameter) of 14 mm, a crystal resonator surface electrode
diameter of 5 mm and a resonance frequency of 9 MHz, is
used.

Evaluation criteria are as follows.

A: Sublimated amount < 0.1 ng

B: Sublimated amount = 0.1 ng, < 0.5 ng

C: Sublimated amount > 0.5 ng

Also for each composition described in Table 4, tests
and evaluations are performed in the same way as those
described above. The results are shown in Table 4.
[Table 4]
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Table 4
Polymer (A) Crosslinker | Sublimate

Composition 1 Polymer 1 Not included A
Composition 2 Polymer 2 Not included A
Composition 3 Polymer 3 Not included A
Composition 4 Polymer 4 Not included A
Composition 5 Polymer 5 Not included A
Composition 6 Polymer 6 Not included A
Composition 7 Polymer 7 Not included A
Composition 8 Polymer 8 Not included A
Composition 9 Polymer 9 Not included A
Composition 10 Polymer 10 | Not included B
Composition 11 Polymer 11 | Not included B
Composition 12 Polymer 10 Included C
Composition 13 Polymer 11 Included C

Comparative Composition 1 | VPS+P090D | Not included A

Comparative Composition 2 | VPS+P090D Included B
When a film is formed from Compositions 1 to 9

made of Polymers 1 to 9, it is confirmed that the
generation of sublimate is small. Using these
compositions, contamination of the apparatus can be
prevented, and it is considered good in the manufacturing
process.
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Patent Claims

1. A polymer (A) comprising at least one structural unit
selected from the group consisting of the following Units (a), (b),
(c) and (d):

Unit (a) represented by the formula (a):

3

\I‘/ma
La
|
N.__,O
/e
el oy
-
~~pa
(@)
(wherein,
Ra! and R?? are each independently H, Ci-s alkyl, Ci-5 alkoxy or
-COOH,

L? is a single bond, Ci-5 alkylene, -O- or Ci-5 alkoxylene,

mais 0 to 1,

X231 is H or a Ci-5 hydrocarbon group (one or more of -CHz- in the
Ci-5 hydrocarbon group can be each independently replaced with
-NH-, -C(=0)- and/or -O- and one or more of -CHs in the Ci-s
hydrocarbon group can be each independently replaced with -NH>
and/or -COOH),

Y2 is N or O, where when Y2 is N, pa is an integer of 1 or 2, and
when Y2 is O, pais 1,

X22 is H or a Ci-5 hydrocarbon group (one or more of -CHz- in the
Ci-s hydrocarbon group can be each independently replaced with
-NH-, -C(=0)- and/or -O- and one or more of -CHsz in the Ci-s
hydrocarbon group can be each independently replaced with -NH>
and/or -COOH), and when pa is 2, two X322 can be identical or
different,

where, X3! and X22 can be bonded and/or two X232 can be bonded
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when pa is 2, to form a saturated or unsaturated ring);
Unit (b) represented by the formula (b):

33
(IZ=O

O
\I—/mb
Lb

|
(Rb3/);: \<O_Rb4)qb

(b)

(wherein,

RP! and RP? are each independently H, Ci-s alkyl, Ci-s alkoxy, Ci-s5

alkoxyalkyl or -COOH,

mb is O to 1,

L® is a single bond, Ci-s alkylene, Ces-20 arylene, -O- or Ci-s

alkoxylene,

Z° is a Ce-20 aromatic hydrocarbon or a C7-20 aromatic substituted

aliphatic hydrocarbon,

pb is O to 4,

gbis 1 to 3,

RP3 is H, Ci-5 alkyl, Ci-s alkoxy, Ci-s alkoxyalkyl or -COOH, and

when pb > 1, each R"3 can be identical or different,

R4 is H or methyl, and when gb > 1, each R"* can be identical or

different,

where, Unit (b) has an aryl having at least one fused structure);
Unit (c¢) represented by the formula (¢):
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Ve
Tra),
(c)
(wherein,
R¢l and R are each independently H, Ci-s alkyl, Ci-s alkoxy or

-COOH,
mcisOto 1,
L¢ is a single bond, Ci-s alkylene, -O- or Ci-5 alkoxylene,
V¢ is a fused aromatic hydrocarbon or a fused heterocyclic ring,
and V¢ has 3 to 6 rings fused,
pcis O to 5,
RS is Ci-5 alkyl, Ci-5 alkoxy or -COOH, and when pc > 1, each R®3
can be identical or different); and
Unit (d) represented by the formula (d):

( Rdl Rd2 \
| |
cC—C

\ H /

CIZ=O

\?‘/md

|_d

OH

(d)
(wherein,
RIt and RY? are each independently H, Ci-s alkyl, Ci-5 alkoxy or
-COOH,
md is 0 to 1,

Ld is a single bond, Ci-5 alkylene (one or more of -CHz- in the Ci-s
alkylene can be replaced with -NH-, -C(=0)- and/or -O- and one or
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more of -CHs in the Ci-5 alkylene can be replaced with -OH, -NH:
and/or -COOH), -O- or Ci-s alkoxylene),

wherein, na, np, nc and ng, which are the numbers of
repetition respectively of Units (a), (b), (c¢) and (d), satisfy the
following formulae:

Na + np > 0,
nc = 0, and
nga = 0;

and preferably na > 0.

2. The polymer (A) according to claim 1, which satisfies the
following formulae:
5% < na/(na+ np+ nc+ ng) £ 50%,
30% < np/ (Na + Np + Nc + ng) < 80%,
5% < nc/ (na + np + Nc + ng) < 40%, and/or
0% £ nd/ (na+ np+ nc+ ng) £40%.

3. The polymer (A) according to claim 1 or 2, wherein the total
number (nwta) Of all repeating units contained in the polymer (A)
satisfies the following formula:

80% < (Na + Nb + Nc + Nd) / Neotal £ 100%.

4, A semiconductor composition comprising the polymer (A)
according to one or more of claims 1 to 3 and a solvent (B);
preferably the solvent (B) comprises water, a hydrocarbon solvent,
an ether solvent, an ester solvent, an alcohol solvent or a ketone
solvent.

5. The composition according to claim 4, which further
comprises a crosslinker (C), where the content of the crosslinker
(C) is preferably 0 to 5% by mass based on the total mass of the
polymer (A) in the semiconductor composition.

6. The composition according to claim 4 or 5, which further
comprises an acid generator (D), where the content of the acid
generator (D) is preferably 0.01 to 10% by mass based on the
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total mass of the polymer (A) in the semiconductor composition,
and which preferably further comprises a surfactant (E), where
the content of the surfactant (E) is preferably 0.001 to 5% by
mass based on the total mass of the polymer (A) in the
semiconductor composition.

7. The composition according to one or more of claims 4 to 6,
which further comprises other additive (F), where the additive (F)
is preferably at least one selected from the group consisting of a
base generator, a smoothing agent, a monomeric dye, a lower
alcohol (Ci-s alcohol), a surface leveling agent, a substrate
adhesion agent, an antifoaming agent and an antiseptic, where
the content of the additive (F) is preferably 0 to 10% by mass
based on the total mass of the polymer (A) in the semiconductor
composition.

8. The composition according to one or more of claims 4 to 7,
wherein the content of the polymer (A) is 1 to 30% by mass and
the content of the solvent (B) is preferably 50 to 99% by mass,
based on the total mass of the semiconductor composition.

0. The composition according to one or more of claims 4 to 8,
wherein the mass average molecular weight of the polymer (A) is
1,000 to 50,000.

10. A resist underlayer composition, preferably a bottom
anti-reflective coating composition, consisting of the composition
according to one or more of claims 4 to 9.

11. A method for manufacturing a film comprising the following
processes:

(1) applying the semiconductor composition according to
one or more of claims 4 to 10 above a substrate; and

(2) heating said semiconductor composition to form a film,
wherein,

preferably, the heating in said (2) is performed at 100 to
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250°C and/or for 30 to 300 seconds,

preferably, the heating in said (2) is performed in an air or
nitrogen gas atmosphere, and

preferably, the thickness of the formed film is 10 to 1,000
nm.

12. A method for manufacturing a resist film comprising the
following processes:

manufacturing a film by the method according to claim 11,

(3) applying a resist composition above the film according
to claim 11, and

(4) heating said resist composition to form a resist film,
wherein,

preferably, the heating in said (4) is performed at 80 to
250°C and/or for 30 to 600 seconds,

preferably, the heating in said (4) is performed in an air or
nitrogen gas atmosphere, and

preferably, the thickness of the formed resist film is 100 to
50,000 nm.

13. A method for manufacturing a resist pattern comprising the
following processes:

manufacturing a resist film by the method according to
claim 12,

(5) exposing said resist film, and

(6) developing said resist film,
wherein,

preferably, the exposure in said (5) is performed using a
light source of 248 nm £+ 1% or 193 nm %= 1%,

preferably, said resist composition is a chemically amplified
resist composition,

preferably, said resist composition is a positive resist
composition or a negative resist composition, and

preferably, said resist composition comprises an acid
generator or a base generator.
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14, A method for manufacturing a processed substrate
comprising the following processes:

manufacturing a resist pattern by the method according to
claim 13; and

(7) etching with the resist pattern as a mask,
wherein,

preferably, said (7) is to etch the film in said (2), or the
substrate.

15. A method for manufacturing a device comprising the
method according to any one of claims 11 to 14.



