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SEMICONDUCTOR AQUEOUS COMPOSITION AND USE OF THE
SAME

BACKGROUND OF THE INVENTION

TECHNICAL FIELD
[0001] The present invention relates to a semiconductor

aqueous composition comprising: a surfactant having a
monovalent specific anion part and a monovalent cation

10 part, and water. The present invention also relates to a
method for manufacturing a resist pattern or a
semiconductor using the semiconductor aqueous
composition.

15 BACKGROUND ART
[0002] In recent years, needs for high integration of LSI has

been increasing, and refining of patterns is required. In
order to respond to such needs, lithography processes
using KrF excimer laser (248 nm), ArF excimer laser (193

20 nm), extreme ultraviolet (EUV; 13 nm) and X-ray of short
wavelength, electron beam, etc. have been put to practical
use. In order to respond to such refining of resist
patterns, also for photosensitive resin compositions to be
used as a resist during refining processing, those having

25 high resolution are required. However, as refining
progresses as described above, resist pattern collapse
tends to occur.

[0003] The resist pattern collapse is considered to occur

also when a negative pressure is generated between the

30 patterns due to the surface tension of pure water when the
patterns are washed with pure water after development.
From such a point of view, in order to improve resist
pattern collapse, it has been proposed replacing the
conventional pure water with a rinse solution containing a

35 specific component.
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In a real product, a semiconductor has a
complicated circuit, unlike a circuit in which lines simply
run parallel at equal intervals. In the production of such
a complicated circuit, bridge defects tend to easily occur at
the place where the distance between the walls of the
resist pattern is the narrowest. It is also important to
prevent such bridge defects in order to reduce the
occurrence frequency of defective products.

For example, in Patent Document 1, it is attempted
to reduce defects using a perfluoro surfactant for
lithography applications.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005] [Patent document 1] W02018/095885

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

The inventors thought that there existed still one or
more problems that improvement was required. They
include, for example, followings: reducing defects in the
fine resist pattern (for example, suppressing occurrence
of bridging); preventing resist pattern from being
collapsed in the fine resist pattern; reducing the amount of
surfactant contained in a semiconductor aqueous
composition; preventing the shape of the resist pattern
from being collapsed by a semiconductor aqueous
composition (for example, by being dissolved);
suppressing the shape variation of the resist pattern;
reducing the residue after removing a semiconductor
aqueous composition; lowering the surface tension of a
semiconductor aqueous composition; and providing a
semiconductor aqueous composition good in storage
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stability (for example, long-term storage) .

The present invention has been made based on the
technical background as described above and provides a
semiconductor aqueous composition.

MEANS FOR SOLVING THE PROBLEMS

The semiconductor aqueous composition according
to the invention comprises:

a single or plurality of surfactant(s) having a
monovalent anion part represented by formula (I) and a
monovalent cation part other than hydrogen ion; and
water.

Chain 1 - X! - N -X?-Chain2 (I)

wherein,

X1is -C(=0)- or -S(=0)2-,

X2 is -C(=0)- or -S(=0)2-,

Chain 1 is a linear or branched Ci-20 alkyl, wherein one or
more H in the Ci-20 alkyl are replaced by F, and one or
more methylenes in Chain 1 may be replaced by -O-, and
Chain 2 is a linear or branched Ci-20 alkyl, wherein one or
more H in the Ci-20 alkyl are replaced by F, and one or
more methylenes in Chain 2 may be replaced by -0O-,
with the proviso that Chain 1 and Chain 2 may be bonded
to form a ring structure.

Further, the method for manufacturing a resist
pattern according to the present invention uses the
semiconductor aqueous composition according to the
present invention.

Further, the method for manufacturing a
semiconductor according to the present invention
comprises the method for manufacturing a resist pattern
according to the present invention.

EFFECTS OF THE INVENTION
It is possible to reduce defects in fine resist patterns.
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It is possible to prevent resist pattern from being
collapsed in fine resist patterns. It is possible to reduce
the amount of surfactant contained in the semiconductor
water soluble composition. It is possible to prevent the
shape of the resist pattern from being collapsed by the
semiconductor aqueous composition. It is possible to
suppress the shape variation of the resist pattern. Itis
possible to reduce the residue after removing the
semiconductor aqueous composition. It is possible to
lower the surface tension of the semiconductor aqueous
composition. It is possible to make the storage stability
of the semiconductor aqueous composition good.

MODE FOR CARRYING OUT THE INVENTION

The above outline and the details to be described
below are for the purpose of explaining the present
invention and not for the purpose of limiting the claimed
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, 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 “-", unless otherwise specifically
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
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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 units, these repeating units
copolymerize. Unless otherwise specifically mentioned,
these copolymerizations may be any of alternating
copolymerization, random copolymerization, block
copolymerization, graft copolymerization, or any mixture
of any of these.

In the present specification, unless otherwise
specifically mentioned, Celsius is used as the temperature
unit. For example, 20 degrees means 20 degrees
Celsius.
<Semiconductor aqueous composition>

The semiconductor aqueous composition according
to the present invention (hereinafter also referred to as
composition) comprises (1) a certain surfactant and (2)
water.

Here, the semiconductor aqueous composition in the
present invention means an aqueous composition to be
used in a semiconductor manufacturing process, and more
preferably to be used in a lithography process. Further,
in the present invention, the "surfactant" refers to a
compound itself having a surfactant activity. Although
there may be a case in which a compound having
surfactant activity is dissolved or dispersed in a solvent
and contained in a composition, such a solvent is
contained in the present semiconductor aqueous
composition as "water or other solvent". Details are
described below.

The semiconductor aqueous composition according
to the present invention is used in a semiconductor
manufacturing process. Preferably, it is used in a
cleaning process in the semiconductor manufacturing
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process. That is, the semiconductor aqueous
composition according to the present invention is
preferably a semiconductor aqueous cleaning composition.
Particularly, one embodiment of the present invention is to
be used for cleaning a resist pattern produced by exposing
/ developing (lithography technique) a resist film. Thatis,
the semiconductor aqueous composition according to the
present invention is more preferably a resist pattern
cleaning composition. The semiconductor aqueous
composition of the present invention may be removed in
the semiconductor manufacturing process and may not
remain in the final semiconductor.

Here, the resist pattern includes not only one
obtained by exposing / developing a resist film but also
one having a wall thickened by further covering it with
other layer(s) or film(s) (one in which its space width is
further made finer).

As a technique for thickening the wall by further
covering it with other layer(s) or film(s), a publicly known
one can be used. For example, in JP-B No. 5,069,494, a
resist pattern is further made finer by a resin composition.

[0015] (1) Surfactant

The surfactant to be used in the present invention is
a compound composed of a combination of monovalent
anion part represented by the formula (I) and a
monovalent cation part other than hydrogen ion,
Chain 1 - X! - N" - X2 - Chain 2 (I)
wherein,
X1is -C(=0)- or -S(=0)2z-,
X?is -C(=0)- or -S(=0):-,
Chain 1 is a linear or branched Ci-20 alkyl, wherein one or
more H in the Ci-20 alkyl are replaced by F, and one or
more methylenes in Chain 1 may be replaced by -O-, and
Chain 2 is a linear or branched Ci-20 alkyl, wherein one or
more H in the Ci-20 alkyl are replaced by F, and one or
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more methylenes in Chain 2 may be replaced by -0O-,
with the proviso that Chain 1 and Chain 2 may be bonded
to form a ring structure.

Here, in the present invention, the alkyl terminal
methyl of Chain 1 or Chain 2 is not substituted by -O-.
That is, Chainl or Chain2 has no hydroxy at the end.

At least one of X! and X? is preferably -S(=0)2-, and
more preferably both are -S(=0).-. Itis also a preferred
embodiment that X! is -C(=0)- and X? is -S(=0)2-. As
one embodiment, the carbon number of alkyl in Chain 1 is
preferably more than or equal to, and more preferably
more than the carbon number of alkyl in Chain 2.

Chain 1 is preferably a linear or branched Ci-15 alkyl,
more preferably a Ci-10 alkyl, and further preferably a Cz-10
alkyl. Preferably, all Hin Ci-20 alkyl in Chain 1 is replaced
by F. Among the methylenes in Chain 1, the number of
methylenes replaced by -O- is preferably 0 to 5, more
preferably O to 3, and further preferably O to 2. Itis also
a preferred embodiment that one or more methylenes in
Chain 1 are not replaced by -O- (the number of
methylenes to be replaced is 0).

Chain 2 is preferably a linear or branched Ci-s alkyl,
more preferably Ci-6 alkyl, and further preferably Ci-4 alkyl.
Preferably, Chain 2 is a linear Ci-g alkyl. Preferably, all H
in Ci-20 alkyl in Chain 2 is replaced by F. Among the
methylenes in Chain 2, the number of methylenes
replaced by -O- is preferably 0 to 5, more preferably 0 to
3, and further preferably O to 2. It is also a preferred
embodiment that one or more methylenes present in
Chain 2 are not replaced by -O- (the number of
methylenes to be replaced is 0).

Among those defined in the formula (I), Chain 1 is
preferably represented by the formula (Ia)-1:

Ca1FpiHer(Lar +O—CFRY)er ., (Ia)-1
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wherein,
L! is a single bond, which bonds to Chain 2,
alisO,1,2,3,4,0r5,blisaninteger of 1 or more, cl is
an integer of 0 or more, dl1isO or 1, and
bl+cl+dl=2(al)+1,
R! is each independently -F, -CF3, -CF2H, -CFH2, or -CHs,
and when el > 2, each R! can be the same to or different
from each other,
elis0, 1, 2, or 3, and
flis0, 1, 2, or 3.

Among those defined in the formula (I), Chain 2 is
preferably represented by the formula (Ia)-2:

CazFraHca(L)g2 ‘{‘0—(CFR2)ez_l'f2 (Ia)-2

wherein,

L2 is a single bond, which bonds to Chain 1,

a2is aninteger of 0 to 5, b2 is an integer of 1 or more, c2
is an integer of 0 or more, d2is0or 1, and
b2+c2+d2=2(a2)+1,

R? is each independently -F, -CFs, -CF2H, -CFH2, or -CHs,
and when e2 > 2, each R? can be same to or different from
each other,

e2is 0,1, 2, or 3, and

f2is0, 1, 2, or 3.

In addition, when Chain 1 is represented by the
formula (Ia)-1 and d1 is 1, Chain 2 is represented by the
formula (Ia)-2 and d2 is also 1. And vice versa. At this
time, L' in Chain 1 and L? in Chain 2 constitute one single
bond, and Chain 1 and Chain 2 are combined to form a ring
structure containing -X'-N-X2-. When d1 = d2 =1, it is
preferred that L! be located at the end of Chain 1 and L? be
located at the end of Chain 2.

For example, the following monovalent anion part
can be represented by the formula (I), Chain 1 can be
represented by the formula (Ia)-1, and Chain 2 can be
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represented by the formula (Ia)-2. Inthe formulae, al =
2,bl=4,c1=0,d1=1,fl =0,anda2=1,b2 =2, c2
=0,d2=1,f2=0. L!'inChain1l and L? in Chain 2
constitute one single bond, and Chain 1 and Chain 2 are
bonded to form a ring structure.
F2
S
O=%—N“%=O
0 0]

When d1 = d2 = 0, Chain 1 and Chain 2 are not
combined to form a ring structure.

The embodiments in the formula (Ia)-1 are
described below. al is preferably 1, 2, 3, 4 or 5, more
preferably 2, 3 or 4, and further preferably 3 or 4. <{bl/
(bl+cl1)} is preferably 0.5 to 1.0, more preferably 0.80 to
1.0, and further preferably 1.0. Itis preferable that dl is
zero. In addition, in order to reduce the bulkiness of the
monovalent anion part, it is also an embodiment that d1 =
1.

el is preferably 0, 1 or 2, more preferably 1 or 2.
When el > 2, R! may be same to or different from each
other. f1 is preferably 0, 1 or 2, more preferably 1 or 2.
fl1 = 0 is also a preferred embodiment. When f1 > 2,
-0-(CFR1)e1- may be same to or different from each other.
Preferably, each R! is independently -F or -CFs.

For example, the structure to the left of -C(=0)- of
the following monovalent anion part can be represented
by Chain 1 and can further be represented by formula
(Ia)-1. Atthattime,al =3,bl=7,¢c1=0,d1l =0, and
fl = 2. In -O-(CFR%)ei- enclosed with [ ], el is 2 and
-(CFRY)e1- is, from the left, -CF(-CFs3)- and -CF3-,
respectively. That is, R! corresponds, from the left, to
-CFs and -F, respectively. Further, in -O-(CFR1)e1-
enclosed with ( ), el is 1 and -(CFR!)e1- is -CF(-CF3)-.
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That is, R! corresponds to -CFs.

CFi
| o)
F N F F
oF, G ~cF, o\CF _CF, O/CF N\|S|/c “cF, G >~cF,
I Il
CF, o} o)

[0019] The embodiments in the formula (Ia)-2 are
described below. a2 is preferably 1, 2, 3, 4 or 5, more
5 preferably 1, 3 or 4 and further preferably 3 or 4. {b2/

(b2 + c2)} is preferably 0.5 to 1.0, more preferably 0.80
to 1.0, and further preferably 1.0. Itis preferable that d2
is zero. In addition, in order to reduce the bulkiness of
the monovalent anion part, it is also an embodiment that
10 d2 = 1.
e2 is preferably 0, 1 or 2, more preferably 1 or 2.
When e2 > 2, R? may be same to or different from each
other. f2 is preferably 0, 1 or 2, more preferably 1 or 2.
f2 = 0 is a further preferred embodiment. When f2 > 2,
15 -0-(CFR?)e1- may be same to or different from each other.
Preferably, each R? is independently -F or -CFs.
[0020] Exemplified embodiments of the monovalent anion
part represented by the formula (I) are listed below, but
the present invention is not limited thereto.
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[0021] The monovalent cation part used in the present

invention is not particularly limited, but preferably
comprises at least any one of a metallic cation, an

5 inorganic ammonium cation, and an organic ammonium
cation. For example, a plurality of cations may be
included.
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More preferably, the monovalent cation part used in
the present invention is a metal cation, an inorganic
ammonium cation or an organic ammonium cation, and
further preferably an inorganic ammonium ion and an
organic ammonium ion.

Further preferably, the monovalent cation part is
represented by the formula (Ib):

*NH,RP4,  (Ib)

wherein,

RP is each independently a linear Ci-3 alkyl, wherein one or
more H in the linear Ci-3 alkyl may be replaced by hydroxy,
and

pis0,1, 2, 3, or4.

Preferably, pis O or 1. In addition, p = 4 is also a
preferred embodiment. Preferably, RP is each
independently a linear Ci-2 alkyl. When p <2, Rb may be
same to or different from each other, and is preferably
same.

When one or more hydrogens in the linear Ci-3 alkyl
are substituted by hydroxy, it is preferable that the
hydrogen of terminal methyl is substituted by hydroxy.
In one embodiment of the present invention, it is preferred
that one or two of the terminal methyl are substituted by
hydroxy.

In another embodiment of the present invention, it
is preferable that one or less hydrogen atoms in the linear
Ci-3 alkyl is hydroxy-substituted, more preferably
unsubstituted.

Exemplified embodiments of the monovalent cation
part include cations derived from ammonium such as
ammonium (NH4%), tetramethyl ammonium, tetraethyl
ammonium, tetrapropyl ammonium, trimethyl ammonium,
triethyl ammonium, tripropyl ammonium,
(2-hydroxyethyl) trimethyl ammonium, dimethyl
ammonium, diethyl ammonium, methyl ammonium, and
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ethyl ammonium. Preferably, the monovalent cation part
is ammonium or triethyl ammonium.

In addition, phosphonium (PH4*), tropylium (C7H7 *)
and the like can also be used.

Although the combination of the above-mentioned
anion part and cation part is not specifically limited, a
surfactant which has the above-mentioned preferable
anion part and preferable cation part is more preferable.
It is preferable to prepare the composition according to
the present invention by dissolving in water a compound
composed of the monovalent anion part and the
monovalent cation part.

The content of the surfactant is preferably 0.005 to
2.0 mass %, more preferably 0.005 to 1.0 mass %, further
preferably 0.005 to 0.5 mass %, and still more preferably
0.01 to 0.4 mass %, based on the total mass of the
semiconductor aqueous composition. These contents do
not include water or other solvents.

For example, when a compound having surfactant
activity is dissolved or dispersed in water or other solvent
and added to the composition, the amount of water or
other solvent is not included in the above-mentioned
content of the surfactant. These amounts are included in
the content of water or other solvent.

[0026] (2) Water

Water is a substance which occupies the largest
mass ratio to the whole composition according to the
present invention. The amount of water contained is
preferably 90 to 99.995 mass %, more preferably 95 to
99.995 mass %, and further preferably 98 to 99.99
mass %, based on the whole composition. The water
preferably includes pure water, DW, and deionized water.

It is also possible that the composition according to
the invention comprises solvent(s) other than water.
Solvents other than water are described later.
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[0027] The composition according to the present invention
comprises the above-mentioned (1) surfactant and (2)
water as essential components but may contain further
compounds as required. Details are described later. In

5 addition, the content of the components other than (1)
and (2) occupies in the whole composition (in the case of
a plurality thereof, the sum thereof) is preferably 3.0
mass % or less, more preferably 1.0 mass % or less, and
further preferably 0.1 mass % or less, based on the total
10 mass.
[0028] (3) Alcohol compound
Preferably, the composition according to the present
invention preferably further comprises a Cs-30 alcohol
compound which has 1 to 3 hydroxy groups and may be
15 substituted by F. Using the composition containing this
alcohol compound, the limit size not to collapse (detailed
later) can be further reduced. The fluorine substitution
replaces H in said alcohol compound with F, but this
substitution does not replace H in hydroxy (OH).
20 [0029] This alcohol compound is preferably a compound
represented by the formula (III):

R31 R33
] (
Ho—g—L31{rL32};(|:—OH (11I)
R32 R34
wherein,
25 R31, R32, R33, and R3* are each independently H, F, or a Ci-s

alkyl, preferably H, F, methyl, ethyl, t-butyl, or isobutyl,
more preferably H, methyl or ethyl.

L3! and L3? are each independently a Ci-20 alkylene, a Ci-20
cycloalkylene, a C>-4 alkenylene, a C,-4 alkynylene, or Cs-20
30 arylene. These groups may be substituted by F, a Ci-5
alkyl, or hydroxy. Here, alkenylene means a divalent
hydrocarbon having one or more double bonds, and
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alkynylene means a divalent hydrocarbon group having
one or more triple bonds. Preferably, L3! and L3? are each
independently a Ci-s alkylene, a Cz-4 alkynylene, or
phenylene (Ce arylene), wherein these groups may be
substituted by F. L3! and L3? are each independently,
more preferably a C>-4 alkylene, acetylene (Cz alkynylene),
or phenylene, wherein these groups may be substituted by
F, and further preferably a C>-4 alkylene, or acetylene,
wherein these groups may be substituted by F.

his 0, 1, or 2, preferably 0 or 1, and more preferably

The compound represented by the formula (III) is
more preferably a diol compound.

Exemplified embodiments of the alcohol compound
include 3-hexyne-2,5-diol,
2,5-dimethyl-3-hexyne-2,5-diol,
3,6-dimethyl-4-octin-3,6-diol, 1,4-butynediol,
2,4-hexadiyne-1,6-diol, 1,4-butanediol,
2,2,3,3-tetrafluoro-1,4-butanediol,
2,2,3,3,4,4,5,5-octafluoro-1,6-hexanediol,
cis-1,4-dihydroxy-2-butene, 1,4-benzenedimethanol, and
any combination of any of these.

The content of the above-mentioned alcohol
compound is preferably 0.005 to 2.0 mass %, more
preferably 0.005 to 1.0 mass %, further preferably 0.005
to 0.5 mass %, and still more preferably 0.01 to 0.2
mass %, based on the total mass of the semiconductor
aqueous composition according to the present invention.

[0032] (4) Other additives

The semiconductor aqueous composition according
to the present invention may further comprise an
antibacterial agent, a germicide, an antiseptic, an
antifungal agent, a surfactant other than said surfactant,
an acid, a base, an organic solvent, or any mixture of any
of these.



WO 2020/083809

10

15

20

25

30

35

PCT/EP2019/078495

16

An antibacterial agent, a germicide, an antiseptic,
an antifungal agent or any mixture of any of these
(hereinafter referred to as antibacterial agent etc.) are
used to prevent bacteria or fungi from propagating in the
aqueous composition which has been aged. Examples of
antibacterial agent etc. include alcohols such as
phenoxyethanol and isothiazolone. As commercially
available antibacterial agent etc., BESTCIDE (trade name)
of Nippon Soda Co., Ltd. can be referred. As a preferable
embodiment of the semiconductor aqueous composition
according to the present invention, a composition
comprising one kind of antibacterial agent can be referred.

The content of the antibacterial agent etc. (in the
case of a plurality thereof, the sum thereof) is preferably
0.0001 to 1 mass %, and more preferably 0.0001 to 0.01
mass %, based on the whole composition according to the
present invention.

A surfactant other than the above-mentioned
surfactant (1) (hereinafter referred to as other surfactant)
is useful for improving coating properties and solubility.
As other surfactant, polyoxyethylene alkyl ether
compounds such as polyoxyethylene lauryl ether,
polyoxyethylene stearyl ether and polyoxyethylene oleyl
ether; polyoxyethylene alkylaryl ether compounds such as
polyoxyethylene octylphenol ether and polyoxyethylene
nonylphenol ether; polyoxyethylene/polyoxypropylene
block copolymer compounds; sorbitan fatty acid ester
compounds such as sorbitan monolaurate, sorbitan
monopalmitate, sorbitan monostearate, sorbitan trioleate
and sorbitan tristearate; polyoxyethylene sorbitan fatty
acid ester compounds such as polyoxyethylene sorbitan
monolaurate, polyoxyethylene sorbitan monopalmitate,
polyoxyethylene sorbitan monostearate and
polyoxyethylene sorbitan tristearate can be referred. In
addition, fluorine-based surfactants such as EFTOP EF301,
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EF303 and EF352 (trade name, manufactured by Tochem
Products Co., Ltd.), MEGAFAC F171, F173, R-08, R-30 and
R-2011 (trade name, manufactured by DIC Corporation),
FLUORAD FC430 and FC431 (trade name, manufactured
by 3M Japan Limited), ASAHI GUARD AG710 and SURFLON
S-382, SC101, SC102, SC103, SC104, SC105 and SC106
(trade name, manufactured by AGC Inc.), and
organosiloxane polymer KP 341 (manufactured by
Shin-Etsu Chemical Co., Ltd.), and the like can be referred.

The content of the other surfactant is preferably
0.01 to 5 mass %, more preferably 0.05 to 3 mass %,
further preferably 0.005 to 0.5 mass %, and still more
preferably 0.01 to 0.4 mass %, based on the total mass of
the composition according to the present invention

In the present invention, the surfactant represented
by the formula (I) is a salt composed of a monovalent
anion part (acid) and a monovalent cation part (base), but
other acid(s) or base(s) may be used to adjust the pH of
the processing solution or to improve the solubility of the
added components. Although the acid or base to be used
can be freely selected in the range which does not impair
the effect of the present invention, for example, carboxylic
acids, amines, an ammonium compounds can be referred.
These include fatty acids, aromatic carboxylic acids,
primary amines, secondary amines, tertiary amines,
ammonium compounds, which may be substituted by any
substituent or unsubstituted. More particularly, formic
acid, acetic acid, propionic acid, benzoic acid, phthalic acid,
salicylic acid, lactic acid, malic acid, citric acid, oxalic acid,
malonic acid, succinic acid, fumaric acid, maleic acid,
aconitic acid, glutaric acid, adipic acid, monoethanolamine,
diethanolamine, triethanolamine, triisopropanolamine,
ethylenediamine, diethylenetriamine,
pentaethylenehexamine, piperidine, piperazine,
morpholing, tetramethylammonium hydroxide and the like
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can be referred.

The content of the acid is preferably 0.005 to 0.1
mass % based on the total mass of the composition
according to the invention. In addition, the content of
the base is preferably 0.01 to 0.3 mass % based on the
total mass of the composition according to the invention.

An organic solvent is useful for dissolving the
solutes contained in the composition according to the
invention. As the organic solvent, known ones can be
used.

For example, cyclohexanone, cyclopentanone,
propylene glycol monomethyl ether (PGME), propylene
glycol monoethyl ether, propylene glycol monopropyl ether,
propylene glycol monobutyl ether, propylene glycol
dimethyl ether, propylene glycol diethyl ether, propylene
glycol 1-monomethyl ether 2-acetate (PGMEA), propylene
glycol monoethyl ether acetate, propylene glycol
monopropyl ether acetate, y-butyrolactone, ethyl lactate,
or any mixture of any of these are preferred. These are
preferable in terms of storage stability of the solution.

The content of the organic solvent (in the case of a
plurality thereof, the sum thereof) is preferably 0 to 9.995
mass %, preferably O to 5 mass %, and further preferably
0 to 1 mass % based on the total mass of the
semiconductor aqueous composition according to the
present invention. It is also preferable embodiment of
the present invention that no organic solvent is contained
(0.0 mass %).

Although the method for synthesizing the surfactant
of (1) used in the present invention is not particularly
limited, working examples are described in the following
synthesis examples. Itis also possible to combine known
synthesis methods with the synthesis examples.

[0038] <Method for manufacturing resist pattern>

The method for manufacturing a resist pattern
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according to the present invention uses the semiconductor
aqueous composition according to the present invention.
The lithography process in the method may be any of the
method for manufacturing a resist pattern using a positive
or negative type photosensitive resin composition (resist
composition). A representative method for
manufacturing a resist pattern to which the semiconductor
aqueous composition of the present invention is applied
comprises:

(1) applying a photosensitive resin composition on a
substrate, with or without one or more interlayers, to form
a photosensitive resin layer;

(2) exposing the photosensitive resin layer to radiation;
(3) developing the exposed photosensitive resin layer;
and

(4) cleaning the developed layer with the semiconductor
aqueous composition according to the present invention.

Details will be described below.

First, a photosensitive resin composition is applied
on a substrate such as a silicon substrate, a glass
substrate, or the like, which has been optionally
pretreated, to form a photosensitive resin layer. Any
publicly known method can be used for the application,
but a coating method such as spin coating is suitable.
The photosensitive resin composition may be directly
applied on a substrate or may be applied via one or more
intermediate layers (for example, a BARC). Further, an
anti-reflective film (for example, a TARC) may be applied
on the photosensitive resin layer (opposite side of the
substrate). Layers other than the photosensitive resin
layer are described later. By forming an anti-reflective
film on or under the photosensitive resin film, the
cross-sectional shape and the exposure margin can be
improved.

Typical examples of publicly known positive or
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negative type photosensitive resin composition used in the
resist pattern manufacturing method of the present
invention include one comprising a quinone diazide type
photosensitizer and an alkali-soluble resin, a chemically
amplified photosensitive resin composition, and the like.
From the viewpoint of forming a fine resist pattern with
high resolution, a chemically amplified photosensitive
resin composition is preferable and, for example, a
chemically amplified PHS-acrylate hybrid type EUV resist
composition can be referred.

Examples of the quinone diazide type
photosensitizer used in the above-described positive type
photosensitive resin composition comprising the quinone
diazide type photosensitizer and the alkali- soluble resin
include 1,2-benzoquinone diazide-4-sulfonic acid,
1,2-naphthoquinone diazide-4-sulfonic acid,
1,2-naphthoquinone diazide-5-sulfonic acid, and esters or
amides of these sulfonic acids; and examples of the
alkali-soluble resin also used in the composition include
novolac resin, polyvinyl phenol, polyvinyl alcohol,
copolymer of acrylic acid or methacrylic acid, and the like.
Preferable examples of the novolac resin include one
produced from one or more phenols such as phenol,
o-cresol, m-cresol, p-cresol and xylenol, and one or more
aldehydes such as formaldehyde and paraformaldehyde.

Further, the chemically amplified photosensitive
resin composition includes a positive type chemically
amplified photosensitive resin composition comprising a
compound that generates an acid upon radiation
irradiation (photoacid generator), and a resin whose
polarity is increased by the action of the acid generated
from the photoacid generator and whose solubility to a
developing solution varies in an exposed part and an
unexposed part; or a negative type chemically amplified
photosensitive resin composition comprising an alkali-
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soluble resin, a photoacid generator and a crosslinking
agent, in which crosslinking of the resin due to the
crosslinking agent is caused by the action of the acid and
the solubility to a developing solution varies in an exposed
part and an unexposed part.

As the resin whose polarity is increased by said
action of the acid and whose solubility to a developing
solution varies between an exposed part and an
unexposed part, a resin having a group which is
decomposed due to the action of the acid to form an
alkali-soluble group in the main chain or side chain of the
resin or both main and side chains thereof can be referred.
Typical examples thereof include polymer in which an
acetal group or a ketal group is introduced as a protective
group to a hydroxystyrene-based polymer (PHS) (for
example, JP-A No. H2-141,636, JP-A No. H2-19,847, JP-A
No. H4-219,757 and JP-A No. H5-281,745); similar
polymer into which a t-butoxycarbonyloxy group or a
p-tetrahydropyranyloxy group is introduced as an acid
decomposable group (JP-A No. H2-209,977, JP-A No.
H3-206,458 and JP-A No. H2-19,847); resin
copolymerized a monomer having a moiety of carboxylic
acid such as acrylic acid or methacrylic acid, or a monomer
having a hydroxyl group or a cyano group in a molecule,
with a monomer having an alicyclic hydrocarbon group;
acid sensitive resin comprising an alkali-insoluble group
protected with a structure containing an alicyclic group
and a structural unit that become alkali-soluble when the
alkali-insoluble group is eliminated by an acid (JP-A No.
H9-73,173, JP-A No. H9-90,637 and JP-A No.
H10-161,313); and the like.

Further, the photoacid generator may be any
compound as long as it generates an acid upon irradiating
radiation, and examples thereof include onium salts such
as diazonium salts, ammonium salts, phosphonium salts,
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iodonium salts, sulfonium salts, selenonium salts and
arsonium salts, organic halogen compounds,
organometallic compounds / organic halides, photoacid
generators having an o-nitrobenzyl type protective group,
compounds capable of photolysis to generate a sulfonic
acid represented by iminosulfonate and the like, disulfone
compounds, diazoketosulfones, diazodisulfone
compounds, and the like. Further, compounds in which
these groups or compounds capable of generating an acid
by light are introduced into the main chain or the side
chain of polymer can also be used.

Additionally, said chemically amplified
photosensitive resin composition may further comprise, if
needed, an acid decomposable and dissolution inhibiting
compound, a dye, a plasticizer, a surfactant, a
photosensitizer, an organic basic compound, and a
compound that promotes solubility to developing solution,
and the like.

For example, said photosensitive resin composition
is applied onto a substrate by a suitable coating apparatus
such as a spinner and a coater by means of a suitable
coating method and soft-baked on a hot plate to remove
the solvent in the photosensitive resin composition,
thereby forming a photosensitive resin layer. The
soft-baking temperature varies depending on the solvent
or the resist composition to be used, but is generally 70 to
150°C, and preferably 90 to 150°C, and soft-baking can
be carried out for 10 to 180 seconds, preferably for 30 to
90 seconds in the case of hot plate, or for 1 to 30 minutes
in the case of clean oven.

In the method for manufacturing the resist pattern
of the present invention, the presence of film(s) or
layer(s) other than the photosensitive resin layer is also
allowed. Without direct contact of the substrate with the
photosensitive resin layer, intermediate layer(s) may be
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interposed. The intermediate layer is a layer to be
formed between a substrate and a photosensitive resin
layer and is referred also to as underlayer film. As the
underlayer film, a substrate modifying film, a planarizing
film, a bottom anti-reflecting coating (BARC), an inorganic
hard mask intermediate layer (silicon oxide film, silicon
nitride film and silicon oxide nitride film) can be referred.
As to the formation of the inorganic hard mask
intermediate layer, reference can be made to JP-B No.
5,336,306. The intermediate layer may be composed of
one layer or a plurality of layers. In addition, a top
anti-reflective coating (TARC) may be formed on the
photosensitive resin layer.

For the layer constitution in the process for
manufacturing the resist pattern of the present invention,
any publicly known technique can be used in accordance
with process conditions. For example, the following layer
constitution can be referred.

substrate / underlayer film / photoresist film

substrate / planarizing film / BARC / photoresist film

substrate / planarizing film / BARC / photoresist film
/ TARC

substrate / planarizing film / inorganic hard mask
intermediate layer / photoresist film / TARC

substrate / planarizing film / inorganic hard mask
intermediate layer / BARC / photoresist film / TARC

substrate / planarizing film / adhesive film / BARC /
photoresist film / TARC

substrate / substrate modifying layer / planarizing
film / BARC / photoresist film / TARC

substrate / substrate modifying layer / planarizing
film / adhesive film / BARC / photoresist film / TARC

These layers can be obtained by coating and
thereafter heating and / or exposing to cure, or by
employing a publicly known method such as CVD method
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to form a film. These layers can be removed by a publicly
known method (etching or the like) and can be patterned
using the upper layer as a mask.

The photosensitive resin layer is exposed through a
predetermined mask. When other layers (TARC etc.) are
also included, they may be exposed together. The
wavelength of the radiation (light) used for exposure is not
particularly limited, but it is preferable to perform
exposure with light having a wavelength of 13.5 to 248 nm.
Particularly, KrF excimer laser (wavelength: 248 nm), ArF
excimer laser (wavelength: 193 nm), extreme ultraviolet
ray (wavelength: 13.5 nm) and the like can be used, and
extreme ultraviolet ray is more preferable. These
wavelengths allow a range of £5%, and preferably a range
of £1%. After the exposure, post exposure bake (PEB)
may be performed, if needed. The temperature for
post-exposure heating is appropriately selected from 70 to
150°C, preferably 80 to 120°C, and the heating time is
appropriately selected from 0.3 to 5 minutes, preferably
0.5 to 2 minutes.

Thereafter, development is performed with a
developing solution. For the development in the method
for manufacturing the resist pattern of the present
invention, a 2.38 mass % (£1% is allowed) TMAH aqueous
solution is preferably used. Further, a surfactant or the
like may be added to these developers. Generally, the
temperature of the developing solution is appropriately
selected from 5 to 50°C, preferably 25 to 40°C, and the
developing time is appropriately selected from 10 to 300
seconds, preferably from 20 to 60 seconds. As the
developing method, any publicly known methods such as
paddle development can be used.

As described above, the resist pattern of the present
invention includes not only one obtained by exposing /
developing a resist film but also one having a wall
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thickened by further covering it with other layer(s) or
film(s).

The resist pattern (the developed photosensitive
resin layer) formed up to the above stepsisin a
non-cleaned state. This resist pattern can be cleaned
with the semiconductor aqueous composition of the
present invention. The time for bringing the
semiconductor aqueous composition into contact with the
resist pattern, that is, the processing time is preferably 1
second or more. In addition, the processing temperature
may be also freely determined. The method for bringing
a rinse liquid into contact with the resist is also freely
selected, and it can be done, for example, by immersing a
resist substrate in a rinse liquid or dropping a rinse liquid
onto a rotating resist substrate surface.

In the method for manufacturing the resist pattern
of the present invention, the resist pattern after being
developed can be cleaned with other cleaning liquid before
and / or after the cleaning processing with the present
semiconductor aqueous composition. The other cleaning
liquid is preferably water, and more preferably pure water
(DW, deionized water etc.). The cleaning before the
present processing is useful for cleaning the developing
solution that has adhered to the resist pattern. The
cleaning after the present processing is useful for cleaning
the semiconductor aqueous composition. One preferred
embodiment of the manufacturing method of the present
invention is a method comprising cleaning the pattern
after being developed while substituting the developing
solution by pouring pure water onto a resist pattern, and
further cleaning the pattern while substituting pure water
by pouring the semiconductor aqueous composition while
keeping the pattern immersed in pure water.

The cleaning with the semiconductor aqueous
composition may be carried out by any conventionally
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known method. It can be done, for example, by
immersing a resist substrate in the semiconductor
aqueous composition, or by dropping the semiconductor
aqueous composition onto a rotating resist substrate
surface. These methods may be carried out in
appropriate combination thereof.

It has been found that with respect to the resist
pattern manufactured by the method of the present
invention, occurrence of defects such as bridges was
suppressed, and it was thus cleaned better. In the
present specification, the bridge is one in which
unintended structure(s) exist in the groove(s) of a resist
pattern and is a kind of defect. The reason includes that
the resist patterns (walls) are connected to each other or
that foreign substance which should be flowed is caught in
the groove and remains therein. When an intended
groove is filled with bridge(s), it becomes impossible to
design an intended circuit in a succeeding process such as
etching. The mechanism by which the occurrence of
defects such as bridges is suppressed when the
composition according to the present invention is used has
not been elucidated, and it was unexpected that such an
effect could be obtained.

When the space width becomes narrower, a bridge is
easily generated in a trench (groove) between the resist
patterns, which is a problem for manufacturing a highly
integrated semiconductor.

As one of the conditions under which defects such as
bridges are likely to occur, there is a place where the
distance between a wall and a wall of the resist pattern is
the narrowest. At a place where a wall and a wall of the
resist pattern are aligned in parallel, this becomes a
severe condition. In the present specification, the
distance of the interval at the place where the interval is
the smallest on one circuit unit is regarded as a minimum
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space size. It is preferable that one circuit unit becomes
one semiconductor in a later process. Further, itis also a
preferable embodiment that one semiconductor includes
one circuit unit in the horizontal direction and a plurality of
circuit units in the vertical direction. Of course, unlike the
test sample, if the occurrence frequency of the place
where the interval between a wall and a wall is narrow is
low, the occurrence frequency of defects decreases, so
that the occurrence frequency of defective products
decreases.

In the present invention, the minimum space size of
the resist pattern in one circuit unit is preferably 10 to 30
nm, more preferably 15 to 25 nm, and further preferably
18 to 22 nm.
<Method for manufacturing semiconductor>

Using the resist pattern manufactured by the
manufacturing method of the present invention as a mask,
the intermediate layer and / or the substrate can be
patterned. For pattern formation, publicly known
methods such as etching (dry etching and wet etching)
can be used. For example, an intermediate layer is
etched using a resist pattern as an etching mask, and a
substrate can be etched using the obtained intermediate
layer pattern as an etching mask to form a pattern on the
substrate. Further, while etching layer(s) lower than the
photoresist layer (for example, intermediate layer), it is
also possible, using a photoresist pattern as an etching
mask, to etch a substrate as it is. Wiring can be formed
on the substrate utilizing the formed pattern.

These layers can be removed, suitably by dry
etching with Oz, CF4, CHF3, Cl> or BCl3, and suitably, Oz or
CF4 can be used.

Thereafter, the substrate is further processed, if
needed, and a device is formed. For the further
processing, publicly known methods can be applied.
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After formation of the device, the substrate is optionally
cut into chips, connected to a lead frame, and packaged
with resin. In the present invention, this packaged
product is called a semiconductor.

The present invention is described by use of
examples as follows. In addition, the embodiment of the
present invention is not limited only to these examples.
<Synthesis Example of the surfactant used in
Comparative Example Composition>

200 g of a 48 mass % potassium hydroxide aqueous
solution and 150 g of perfluoroethane sulfonamide are
mixed in a flask. The solution is distilled to remove water
and give a concentrated solid. 50 g of this concentrated
solid and 65 g of the following compound a are dissolved in
200 g of acetonitrile and stirred at 50°C for 20 hours.
The resulting solution is filtered and distilled to remove
acetonitrile to give a solid. The obtained solid is
dissolved in 200 g of water, and to the solution is added
100 g of 36 mass % aqueous hydrochloric acid solution
and Novec (trademark) 7300 (manufactured by 3M
Company). The liquid phase of Novec is collected and
distilled to obtain surfactant S-201. The yield is 20%.
<Synthesis Example 1 of surfactant>

20 g of triethylamine is added to surfactant S-201
and stirred at 30°C for 14 hours. The solution is distilled
to obtain surfactant S-101. The yield is 15%.
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[0060]<Synthesis Example 2 of surfactant>
Surfactant S-102 is synthesized in the same manner
as in Synthesis Example 1 except that ammonia is used
5 instead of triethylamine.
<Synthesis Example 3 of surfactant>
In a flask, 5 g of surfactant S-102 is dissolved in 45
g of tetrahydrofuran (hereinafter THF). To this, a solution
of 10 g of tetraethylammonium chloride dissolved in 90 g
10 of THF is added dropwise at 25°C for 2 hours. After the
addition is completed, the solution is stirred at 25°C for 16
hours. The solution is then filtered and distilled to obtain
surfactant S-103. The yield is 65%.
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[0061]<Preparation Example of semiconductor aqueous
composition>
Surfactant S-101 is added to deionized water so as
to make the concentration of 1000 ppm, and this is stirred
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and completely dissolved to prepare Example Composition
101.

Example Compositions 102 to 112 are prepared in
the same manner as described above using surfactants
having the anion part and the cation part as described in
Table 1 so as to make the concentrations described in
Table 1. Furthermore, Comparative Example
Compositions 201 to 211 are prepared using the
surfactants described in Table 1 in the same manner as
described above. Here, the surfactants described in
Table 1 are obtained by changing the cation part from
hydrogen (C1) to C2 to 7, respectively.

[Table 1]
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In the table, A1 to A11 and C1 to C7 show the
following structures. The same applies to Tables 2 and 3.
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[0062] <Formation of substrate for evaluation>

A7
A9
A11
5
10

The surface of a silicon substrate (manufactured by
SUMCO Corporation, 12 inches) is processed with a
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1,1,1,3,3,3-hexamethyldisilazane solution at 90°C for 30
seconds. A chemically amplified PHS-acrylate hybrid
type EUV resist composition is spin-coated thereon and
soft-baked at 110°C for 60 seconds, thereby forming a
resist film having a thickness of 45 nm on the substrate.
This is exposed through a mask having a size of 20 nm
(line : space = 1 : 1) with an EUV stepper NXE:3300
(manufactured by ASML Holding N. V.). Plural exposure
amounts are set, and substrates of each condition are
obtained. In addition, when the exposure amount
increases, the space width of the resist pattern formed by
later development is enlarged.

This substrate is subjected to PEB at 100°C for 60
seconds. Thereafter, the resist film is subjected to
puddle development for 30 seconds using a 2.38%
tetramethylammonium hydroxide (TMAH) aqueous
solution. In a state that a puddle developing solution is
paddled on the substrate, deionized water is started to
flow onto the substrate, the puddle developing solution is
replaced, while being rotated, with deionized water, and
the development is stopped in a state of being puddled
with deionized water. Then, each composition of Example
Compositions 101 to 112 and Comparative Example
Compositions 201 to 211 is poured onto this, and the
substrate is spun at a high speed, thereby dried.
<Evaluation of pattern collapse prevention performance>

On the substrate for evaluation described above, a
resist pattern having a line size of 19 nm formed for a
mask of 20 nm is observed using an SEM apparatus
CG5000 (manufactured by Hitachi High-Technologies
Corporation) and the presence or absence of pattern
collapse is observed.

No pattern collapse is confirmed when any
composition of the Example Compositions and
Comparative Example Compositions is used.
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<Evaluation of bridge prevention performance>

On the substrate for evaluation described above, a
resist pattern having a space size of 15 nm formed for a
mask of 20 nm is observed using CG5000 and the
presence or absence of a pattern bridge is observed.

No pattern bridges are confirmed respectively when
Example Compositions are used. On the other hand,
pattern bridges are confirmed respectively when
Comparative Example Compositions are used.
<Limit size not to collapse>

The compositions used are described in Table 2
below. Preparation thereof is performed as described
above.

The preparation of the substrate for evaluation is
performed in the same manner as described above except
that the exposure is performed through a mask having a
size of 15 to 24 nm (line : space =1 : 1). The prepared
composition is poured onto the substrate as described
above, and the substrate is spun at high speed for spin
drying.

The formed resist pattern is observed using CG 5000,
and the pattern size for each mask size (15 to 24 nm, line :
space = 1: 1) to the exposure amount is measured. The
case where the difference between the mask size and the
pattern size is within £ 1 nm and where the pattern is
formed without being collapsed is judged as "not being
collapsed". The mask size that is immediately before the
pattern collapses is regarded as “limit size not to collapse”.
For example, in the case where pattern collapse is
confirmed at 17.4 nm for a mask of 17 nmand 1 : 1, the
size 18 nm immediately before not to collapse is regarded
as “limit size not to be collapsed”. The results are
described in Table 2.

[0067] <Space size generating no bridge and evaluation of LWR>

The compositions used are described in Table 2
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below.

The preparation of the substrate for evaluation is
performed in the same manner as described above except
that the exposure is performed through a mask having a
size of 18 nm (line : space =1 :1). The prepared
composition is poured onto the substrate as described
above, and the substrate is spun at high speed for spin
drying.

The formed resist pattern is observed using CG5000
and the presence or absence of a bridge is observed, and
the pattern size with respect to the exposure amount is
measured. The exposure amount is varied, and a space
size, in which space no bridge occurs, is regarded as
“space size in which no bridge occurs”. For example, in
the case of Example Composition 113, a pattern bridge is
confirmed with a space size of 13.6 nm. On the other
hand, since no bridge is confirmed at 14.7 nm, the
minimum space size is determined 14.7 nm.
<Evaluation of LWR>

Example Compositions used are described in Table 2
below.

The preparation of the substrate for evaluation is
performed in the same manner as described above except
that the exposure is performed through a mask having a
size of 15 to 24 nm (line : space =1 : 1). Each of
Example Compositions is poured onto the substrate as
described above, and the substrate is spun at high speed
for spin drying.

With respect to a pattern formed within 20 nm £ 1
nm for a mask of 20 nm (line : space =1 : 1), LWR is
measured by CG5500. The program recommended by
ITRS is used.

The obtained results are shown in Table 2.

[Table 2]
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Table 2 Lm itsize [Space size
Concentration| Anion |G ation noto generating LW R
ppm part | part | collapse | nobridge
Gm ) fm )
Exam pbfooé" poston | @ cmnts—104| 1000 Al | c2 19 144 3.9
Exam pbff;" POSHON |¢\ acnts—113| 1500 AT | c2 17 147 38
Exam pbff: POSHON |¢\ acnts—114| 1500 As | ©3 17 144 38
Exam p'effé" POSION |¢\ acnts 15| 1500 A9 | c2 17 146 | 38
Comparative Exam ple | e vnts-202| 1000 Ao | et 19 16.2
C om positon 202
Com parative Exam ple
Com postion 212 |SumcRNtS212| 1500 AT | Cf 17 16.8
Comparatve Example |¢ o v its203| 1500 As | ¢ 17 16.2
G om positon 213

[0072] <Composition including further alcohol compound>

The surfactant and the alcohol compound described
in Table 3 below are added to deionized water so as to
make the concentrations described in Table 3 respectively,
and this is stirred to dissolve completely to prepare
Example Compositions 201 to 204.

With respect to these, the limit size not to collapse is
measured in the same manner as described above. The
results obtained are as shown in Table 3. Compared to
the limit size not to collapse in the cases of Table 2, the
limit size not to collapse is further reduced in the cases of
the compositions further including the alcohol compound.
[Table 3]
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Table 3 Surfactant A lcoho Icom pound | Lim itsize
- - - - notib
Variely Concentration|Anion [Cation|Concentration Variey| collapse
ppm part | part ppm
tm )
Example SurfactantS-104 1000 Al G2 250 D1 18
Com position 201
Exam..ple SurfactantS-113 1500 Al G2 500 D2 16
Com position 202
Exam”ple SurfactantS-114 1500 A8 C3 1000 D3 16
Com position 203
Exam”ple SurfactantS-115 1500 A9 G2 250 D4 16
Gom positon 204

In the table, D1 to D4 show the following structures.

HO OH HO OH
F
D3 Ho ! OH D4 o
FF
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CLAIMS

A semiconductor agueous composition, comprising:
a single or plurality of surfactant(s) having a monovalent anion part represented by formula (1)
and a monovalent cation part other than hydrogen ion; water, and a Cz-30 alcohol compound

which has 1 to 3 hydroxy groups and may be substituted by F,

Chain 1 - X! - N- - X2 - Chain 2 (1)

wherein,

X! is -C(=0)- or -S(=0).-,

X2 is -C(=0)- or -S(=0).-,

Chain 1 is a linear or branched Ci.20 alkyl, wherein one or more H in the C1-2 alkyl are
replaced by F, and one or more methylenes in Chain 1 may be replaced by -O-, and Chain
2 is a linear or branched C1-20 alkyl, wherein one or more H in the Ci-20 alkyl are
replaced by F, and one or more methylenes in Chain 2 may be replaced by -O-, with the

proviso that Chain 1 and Chain 2 may be bonded to form a ring structure.
The composition according to claim 1, wherein Chain 1 is represented

by formula (la)-1 and Chain 2 is represented by formula (la)-2: wherein

CarForHer(Was H0~¢CFR)gr,  (Ta)-1

L! is a single bond, which bonds to Chain 2,

alis0,1,2,3,4,or5, blisan integer of 1 or more, cl is an integer of 0 or more, d1is0or 1,
and bl+cl+d1=2(al)+1,

R! is each independently -F, -CFs, -CF2H,-CFHa, or -CHs, and when el > 2, each R can be
the same to or different from each other,

elis0,1,2,0r3, and

flis0,1,2,0r3,

CaoFpaHca(LP)g, F-O—~CFR2) 54,  (la)-2
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L2 is a single bond, which bonds to Chain 1,

a2is0, 1,2, 3,4, or5, b2 is an integer of one or more, c2 is an integer of 0 or more, d2 is 0
or 1, and b2+c2+d2=2(a2)+1,

R? is each independently -F, -CFs, -CF2H, -CFH2, or -CHs, and when e2 > 2, each R? can
be the same to or different from each other,

e2is0,1,2,0r3,

f2is0,1, 2,0r3;

with the proviso that when d1 is 1, d2 is 1, and L! and L? come together as one single

bond to form a ring structure, wherein Chain 1 and Chain 2 is bonded via the single bond.

The composition according to claim 1, wherein the monovalent cation part comprises at
least any one of a metallic cation, an inorganic ammonium cation, or an organic

ammonium cation.

The composition according to claim 1, wherein the monovalent cation part is represented
by formula (Ib):
+NHpRb4-p (Ib)
wherein,
Rb is each independently a linear C1.3 alkyl, wherein one or more H in the Ci.3 alkyl may be
replaced by hydroxy, and
pis0,1,2,3,or4.

The composition according to claim 1, wherein the alcohol compound is represented by
the formula (111):

R31 R33
F |
—C—] 31432 —
Ho-C—L3t{132}-C—oH  (II)
R 32 R34

wherein,

R3, R¥, R* and R are each independently H, F, or a C1.s alkyl,

L3 and L*? are each independently a Ci-20alkylene, a C1-20 cycloalkylene, a Co-s alkenylene, a
Co-salkynylene, or a Cs.20 arylene, wherein these groups may be substituted by F, a

Ci-salkyl, or hydroxy, and
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hisO, 1, or 2.

The composition according to claim 1, wherein the content of the surfactant is 0.005 to
2.0 mass % based on the total mass of the composition.
The composition according to claim 1, wherein the content of the alcohol compound is

0.005 to 2.0 mass % based on the total mass of the composition.

The composition according to claim 1, further comprising an antibacterial agent, a
germicide, an antiseptic, an antifungal agent, a surfactant other than said surfactant, an

acid, a base, an organic solvent, or any mixture of any of these.

A semiconductor aqueous cleaning composition, consisting of the semiconductor aqueous

composition according to claim 1.

A resist pattern cleaning composition, consisting of the semiconductor aqueous
composition according to claim 1.

A method for manufacturing a resist pattern, using the semiconductor aqueous

composition according to claim 1.

A method for manufacturing a resist pattern, comprising;

1) applying a photosensitive resin composition on a substrate, with or without one or
more interlayers, to form a photosensitive resin layer;

(@) exposing the photosensitive resin layer to radiation;

(€)) developing the exposed photosensitive resin layer; and

4 cleaning the developed layer with the semiconductor aqueous composition

comprising:

a single or plurality of surfactant(s) having a monovalent anion part represented by formula (1)

and a monovalent cation part other than hydrogen ion; and water,
Chain 1 - X! - N- - X2 - Chain 2 (1)

wherein,

X! is -C(=0)- or -S(=0).-,

X2 is -C(=0)- or -S(=0)2-,
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Chain 1 is a linear or branched C1-20 alkyl, wherein one or more H in the C1-2 alkyl are
replaced by F, and one or more methylenes in Chain 1 may be replaced by -O-, and Chain
2 is a linear or branched C1-20 alkyl, wherein one or more H in the C1-20 alkyl are replaced
by F, and one or more methylenes in Chain 2 may be replaced by -O-, with the proviso

that Chain 1 and Chain 2 may be bonded to form a ring structure.

The method for manufacturing a resist pattern according to claim 12, wherein the
photosensitive resin composition is a chemically amplified photosensitive resin

composition, and extreme ultraviolet radiation is used for the exposure.

The method for manufacturing a resist pattern according to claim 11, wherein the

minimum space size of the resist pattern in a circuit unit is 10 to 30 nm.

A method for manufacturing a semiconductor, comprising the method for manufacturing

a resist pattern according to claim 11.

A method for manufacturing a semiconductor, comprising performing etching using the
resist pattern produced by the method according to claim 11 as a mask, and processing

the substrate.

The method for manufacturing a semiconductor according to claim 16, comprising

forming wiring on the processed substrate.

The method according to claim 12, wherein Chain 1 is represented by formula (la)-1 and Chain 2 is

represented by formula (1a)-2: wherein

CarFprHes(L)as HO—€CFRY) e, (Ta)-1

L! is a single bond, which bonds to Chain 2,

alis0,1,2,3,4,or5 blisaninteger of 1 or more, cl is an integer of 0 or more, d1isOor 1,

and bl+cl+d1=2(al)+1,

R! is each independently -F, -CF3, -CF2H, -CFHy, or -CHs, and when el > 2, each R1 can be

the same to or different from each other,
elis0, 1,2, or3,and
fl1is0, 1,2, or3,
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CazFraHea(LP)g2 ‘{_O—(CFRz)ez_l'fz (Ia)-2

L2 is a single bond, which bonds to Chain 1,

a2is 0,1, 2, 3,4,orb5, b2 is an integer of one or more, c2 is an integer of 0 or more, d2 is 0
or 1, and b2+c2+d2=2(a2)+1,

R? is each independently -F, -CFs, -CF2H, -CFH2, or -CH3, and when e2 > 2, each R? can
be the same to or different from each other,

e2is0,1,2,0r3,

f2is0,1,2,0r3;

with the proviso that when d1 is 1, d2 is 1, and L* and L? come together as one single

bond to form a ring structure, wherein Chain 1 and Chain 2 is bonded via the single bond.

The method according to claim 12, wherein the monovalent cation part comprises at least
any one of a metallic cation, an inorganic ammonium cation, or an organic ammonium

cation.

The method according to claim 12, wherein the monovalent cation part is represented by
formula (Ib):
+NHpRb4-p (Ib)
wherein,
Rb is each independently a linear C1.3 alkyl, wherein one or more H in the C1.3 alkyl may be
replaced by hydroxy, and
pis0,1,2, 3 or4.

The method according to claim 12, further comprising a Cz-30 alcohol compound which

has 1 to 3 hydroxy groups and may be substituted by F.

The method according to claim 21, wherein the alcohol compound is represented by the

formula (I11):
R31 R33
! |
—(C—] 314 32 —
Ho-C—L3t{132}-C—oH  (II)
R32 R34

wherein,
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R3, R¥ R and R are each independently H, F, or a C1.s alkyl,

L3 and L*? are each independently a Ci-20alkylene, a C1-20 cycloalkylene, a Co-4 alkenylene, a
Co-salkynylene, or a Cs.20 arylene, wherein these groups may be substituted by F, a
Cisalkyl, or hydroxy, and

his0,1,or 2.

The method according to claim 12, wherein the content of the surfactant is 0.005 to 2.0

mass % based on the total mass of the composition.

The method according to claim 12, wherein the content of the alcohol compound is 0.005

to 2.0 mass % based on the total mass of the composition.

The method according to claim 12, further comprising an antibacterial agent, a germicide,

an antiseptic, an antifungal agent, a surfactant other than said surfactant, an acid, a base,

an organic solvent, or any mixture of any of these.

A semiconductor agueous composition, comprising:

a single or plurality of surfactant(s) having a monovalent anion part represented by formula (1)
and a monovalent cation part other than hydrogen ion; water, and an alcohol compound having
a content of 0.005 to 2.0 mass % based on the total mass of the composition,

Chain 1 - X! - N- - X2 - Chain 2 (1)

wherein,

X! is -C(=0)- or -S(=0)2-,

X2 is -C(=0)- or -S(=0)2-,

Chain 1 is a linear or branched Ci-20 alkyl, wherein one or more H in the C1-2 alkyl are
replaced by F, and one or more methylenes in Chain 1 may be replaced by -O-, and Chain

2 is a linear or branched C1-20 alkyl, wherein one or more H in the C1-2 alkyl are

replaced by F, and one or more methylenes in Chain 2 may be replaced by -O-, with the

proviso that Chain 1 and Chain 2 may be bonded to form a ring structure.
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