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(57) ABSTRACT

A method for producing a radiation-sensitive resin compo-
sition includes a step 1 of putting at least a resin having a
polarity that increases by an action of an acid, a photoacid
generator, and a solvent into a stirring tank, and a step 2 of
producing a radiation-sensitive resin composition by stirring
and mixing the resin having a polarity that increases by the
action of an acid, the photoacid generator, and the solvent in
the stirring tank under a gas having an inert gas concentra-
tion of 90% by volume or more, in which in the step 2, an
atmospheric pressure inside the stirring tank is higher than
an atmospheric pressure outside the stirring tank, and in the
step 2, a difference between the atmospheric pressure inside
the stirring tank and the atmospheric pressure outside the
stirring tank is 2.0 kPa or less.
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METHOD FOR PRODUCING
RADIATION-SENSITIVE RESIN
COMPOSITION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2020/018971 filed on May
12, 2020, which claims priority under 35 U.S.C § 119(a) to
Japanese Patent Application No. 2019-117232 filed on Jun.
25, 2019. Each of the above application(s) is hereby
expressly incorporated by reference, in its entirety, into the
present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a method for
producing a radiation-sensitive resin composition.

2. Description of the Related Art

[0003] In processes for manufacturing semiconductor
devices such as an integrated circuit (IC) and a large scale
integrated circuit (L.SI) in the related art, microfabrication by
lithography using a radiation-sensitive resin composition
has been performed.

[0004] Examples of the lithography method include a
method of forming a resist film with a radiation-sensitive
resin composition containing a resin having a polarity that
increases by an acid, exposing the obtained film, and then
developing the film.

[0005] As described in JP2015-011292A, a radiation-sen-
sitive resin composition is usually produced by mixing
various components.

SUMMARY OF THE INVENTION

[0006] On the other hand, in the formation of a pattern
(resist pattern) using a radiation-sensitive resin composition,
it is desirable that there are fewer defects in a pattern thus
formed. Furthermore, in the present specification, a defect
means, for example, that a pattern obtained by carrying out
a development treatment has a dent or a chip, and the pattern
does not have a predetermined size.

[0007] In addition, since the radiation-sensitive resin com-
position is often used after being stored for a predetermined
period, it is desirable that a fluctuation in the sensitivity is
small even in a case where the radiation-sensitive resin
composition is used after being stored for a predetermined
period.

[0008] The present inventors have produced a radiation-
sensitive resin composition with reference to JP2015-
011292A and have examined the characteristics, and as a
result, they have found that there was room for a further
improvement in terms of achieving both suppression of
defects of a pattern and suppression of the fluctuation in a
sensitivity after long-term storage described above.

[0009] An object of the present invention is to provide a
method for producing a radiation-sensitive resin composi-
tion, in which the occurrence of defects in a pattern formed
is suppressed and the fluctuation in a sensitivity after long-
term storage is suppressed.
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[0010] The present inventors have found that the objects
can be accomplished by the following configurations.
[0011] (1) A method for producing a radiation-sensitive
resin composition comprising:

[0012] astep 1 of putting at least a resin having a polarity
that increases by an action of an acid, a photoacid generator,
and a solvent into a stirring tank; and

[0013] a step 2 of producing a radiation-sensitive resin
composition by stirring and mixing the resin having a
polarity that increases by the action of an acid, the photoacid
generator, and the solvent in the stirring tank under a gas
having an inert gas concentration of 90% by volume or
more,

[0014] in which in the step 2, an atmospheric pressure
inside the stirring tank is higher than an atmospheric pres-
sure outside the stirring tank, and

[0015] in the step 2, a difference between the atmospheric
pressure inside the stirring tank and the atmospheric pres-
sure outside the stirring tank is 2.0 kPa or less.

[0016] (2) The method for producing a radiation-sensitive
resin composition as described in (1),

[0017] in which the inert gas concentration in the gas is
95% by volume or more.

[0018] (3) The method for producing a radiation-sensitive
resin composition as described in (1) or (2),

[0019] in which the difference between the atmospheric
pressure inside the stirring tank and the atmospheric pres-
sure outside the stirring tank is 0.8 kPa or less.

[0020] (4) The method for producing a radiation-sensitive
resin composition as described in any one of (1) to (3),
[0021] in which a gas in the stirring tank is substituted
with the gas having an inert gas concentration of 90% by
volume or more before the step 1.

[0022] (5) The method for producing a radiation-sensitive
resin composition as described in any one of (1) to (3),
[0023] in which a gas in the stirring tank is substituted
with the gas having an inert gas concentration of 90% by
volume or more in the step 1.

[0024] (6) The method for producing a radiation-sensitive
resin composition as described in any one of (1) to (3),
[0025] in which a gas in the stirring tank is substituted
with the gas having an inert gas concentration of 90% by
volume or more between the step 1 and the step 2.

[0026] (7) The method for producing a radiation-sensitive
resin composition as described in any one of (1) to (6),
[0027] in which a concentration of solid contents of the
radiation-sensitive resin composition is 10% by mass or
more.

[0028] (8) The method for producing a radiation-sensitive
resin composition as described in any one of (1) to (7),
[0029] in which the resin having a polarity that increases
by the action of an acid has a repeating unit derived from
hydroxystyrene.

[0030] According to the present invention, it is possible to
provide a method for producing a radiation-sensitive resin
composition, in which the occurrence of defects in a pattern
thus formed is suppressed and a fluctuation in a sensitivity
after long-term storage is suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 shows a schematic view of an embodiment
of a device used in a method for producing a radiation-
sensitive resin composition of the embodiment of the present
invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] Hereinafter, an example of forms for carrying out
the present invention will be described.

[0033] In the present specification, a numerical value
range expressed using “to” means a range that includes the
preceding and succeeding numerical values of “to” as a
lower limit value and an upper limit value, respectively.
[0034] In notations for a group (atomic group) in the
present specification, in a case where the group is cited
without specifying whether it is substituted or unsubstituted,
the group includes both a group having no substituent and a
group having a substituent. For example, an “alkyl group”
includes not only an alkyl group having no substituent
(unsubstituted alkyl group), but also an alkyl group having
a substituent (substituted alkyl group).

[0035] The bonding direction of divalent groups cited in
the present specification is not limited unless otherwise
specified. For example, in a compound represented by
General Formula “LMN”, M may be either *1-OCO—C
(CN)—CH-*2 or *1-CH—C(CN)—COO-*2, assuming that
in a case where M is -OCO-C(CN)=CH-, a position bonded
to the L side is defined as *1 and a position bonded to the
N side is defined as *2.

[0036] “(Meth)acryl” in the present specification is a
generic term encompassing acryl and methacryl, and means
“at least one of acryl or methacryl”. Similarly, “(meth)
acrylic acid” means “at least one of acrylic acid or meth-
acrylic acid”.

[0037] In the present specification, a weight-average
molecular weight (Mw), a number-average molecular
weight (Mn), and a dispersity (also described as a molecular
weight distribution) (Mw/Mn) of a resin are defined as
values expressed in terms of polystyrene by means of gel
permeation chromatography (GPC) measurement (solvent:
tetrahydrofuran, flow amount (amount of a sample injected):
10 pL, columns: TSK gel Multipore HXI.-M manufactured
by Tosoh Corporation, column temperature: 40° C., flow
rate: 1.0 mL/min, and detector: differential refractive index
detector) using a GPC apparatus (HLC-8120GPC manufac-
tured by Tosoh Corporation).

[0038] “Radiation” in the present specification means, for
example, a bright line spectrum of a mercury lamp, far
ultraviolet rays typified by an excimer laser, extreme ultra-
violet rays (EUV), X-rays, electron beams (EB), or the like.
“Light” in the present specification means radiation.
[0039] As one of the features of the method for producing
a radiation-sensitive resin composition of the embodiment of
the present invention (hereinafter also simply described as
“the composition of the embodiment of the present inven-
tion”, “the composition”, or “the resist composition™), pro-
duction of a radiation-sensitive resin composition by stirring
and mixing a resin having a polarity that increases by the
action of an acid, a photoacid generator, and a solvent under
a gas having an inert gas concentration of 90% by volume
or more (hereinafter also simply described as a “specific
gas”), as described in the step 2 which will be described later
may be mentioned.

[0040] The present inventors have examined the problems
of the related art, and have thus found that in the production
of a radiation-sensitive resin composition, there is a fluc-
tuation in a sensitivity after long-term storage of the radia-
tion-sensitive resin composition due to moisture and oxygen
incorporated into the radiation-sensitive resin composition.
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In the production method of the embodiment of the present
invention, the respective components constituting the radia-
tion-sensitive resin composition are stirred and mixed under
a specific gas in order to prevent such incorporation of
moisture and oxygen. At that time, it is possible to prevent
moisture and oxygen in the air outside the stirring tank from
being incorporated into the stirring tank by making the
atmospheric pressure inside the stirring tank higher than the
atmospheric pressure outside the stirring tank. In addition,
the present inventors have found that in a case where the
atmospheric pressure inside the stirring tank is too high than
the atmospheric pressure outside the stirring tank, in other
words, in a case where the atmospheric pressure of the
specific gas is too high, the specific gas is dissolved in the
radiation-sensitive resin composition, leading to defects in a
pattern formed. Therefore, the present inventors have found
that the defects of the pattern can be suppressed by control-
ling a difference between the atmospheric pressure inside the
stirring tank and the atmospheric pressure outside the stir-
ring tank to 2.0 kPa or less.

[0041] The production method of the embodiment of the
present invention has the following steps 1 and 2.

[0042] Step 1: A step of putting at least a resin having a
polarity that increases by an action of an acid, a photoacid
generator, and a solvent into a stirring tank

[0043] Step 2: A step of producing a radiation-sensitive
resin composition by stirring and mixing the resin having a
polarity that increases by the action of an acid, the photoacid
generator, and the solvent in the stirring bank under a gas
having an inert gas concentration of 90% by volume or more
[0044] Hereinafter, a procedure of each step will be
described in detail.

[0045] Furthermore, the production method of the
embodiment of the present invention is preferably carried
out in a clean room. The degree of cleanliness is preferably
Class 6 or less, more preferably Class 5 or less, and still
more preferably Class 4 or less in INTERNATIONAL
STANDARD ISO 14644-1.

[0046] <Step 1>

[0047] Thestep 1 is a step of putting at least a resin having
a polarity that increases by the action of an acid, a photoacid
generator, and a solvent into the stirring tank.

[0048] Details of the resin having a polarity that increases
by the action of an acid, the photoacid generator, and the
solvent used in the step 1 will be described later.

[0049] In addition, in the step 1, other components other
than the resin having a polarity that increases by the action
of an acid, the photoacid generator, and the solvent may also
be put into the stirring tank. Examples of other components
include an acid diffusion control agent, a hydrophobic resin,
a surfactant, an alkali-soluble resin having a phenolic
hydroxyl group, an onium carboxylate salt, and a dissolution
inhibiting compound. Details of other components will also
be described later.

[0050] FIG. 1 shows a schematic view of an embodiment
of a device used in the production method of the embodi-
ment of the present invention.

[0051] A device 100 has a stirring tank 10, a stirring shaft
12 rotatably mounted in the stirring tank 10, a stirring blade
14 attached to the stirring shaft 12, a circulation pipe 16
having one end connected to a bottom part of the stirring
tank 10 and another end connected to an upper part of the
stirring tank 10, a filter 18 arranged in the middle of the
circulation pipe 16, a discharge pipe 20 connected to the
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circulation pipe 16, and a discharge nozzle 22 arranged on
an end part of the discharge pipe 20.

[0052] It is preferable that a liquid contact portion (a part
in contact with the liquid) in the device is lined or coated
with a fluorine resin and the like.

[0053] In addition, it is preferable that the device 100 is
washed with a solvent in advance before carrying out the
production method of the embodiment of the present inven-
tion. Examples of the solvent and the washing method used
include known methods, and examples thereof include the
solvent and the washing method of JP2015-197646A.
[0054] The stirring tank 10 is not particularly limited as
long as it can contain a resin having a polarity that increases
by the action of an acid, a photoacid generator, and a solvent,
and examples thereof include known stirring tanks.

[0055] A shape of the bottom part of the stirring tank 10
is not particularly limited, examples thereof include a dish-
like end plate shape, a semi-elliptical end plate shape, a flat
end plate shape, and a conical end plate shape, and the
dish-like end plate shape and the semi-elliptical end plate
shape are preferable.

[0056] Baffle plates may be installed in the stirring tank 10
in order to improve the stirring efficiency.

[0057] The number of the baffle plates is not particularly
limited, and is preferably 2 to 8.

[0058] A width of the baffle plate in the horizontal direc-
tion of the stirring tank 10 is not particularly limited, and is
preferably s to %4 of the diameter of the stirring tank.
[0059] A length of the baffle plate in the height direction
of the stirring tank is not particularly limited, but is prefer-
ably %4 or more, more preferably %3 or more, and still more
preferably 34 or more of the height from the bottom part of
the stirring tank to the liquid level of the component to be
put.

[0060] It is preferable that a drive source (for example, a
motor) (not shown) is attached to the stirring shaft 12. In a
case where the stirring shaft 12 is rotated by the drive source,
the stirring blade 14 is rotated and each component put into
the stirring tank 10 is stirred.

[0061] The shape ofthe stirring blade 14 is not particularly
limited, and examples thereof include a paddle blade, a
propeller blade, and a turbine blade.

[0062] Furthermore, the stirring tank 10 may have a mate-
rial charging port for putting various materials into the
stirring tank.

[0063] Moreover, the stirring tank 10 may have a gas
introduction port for introducing a gas into the inside of the
tank.

[0064] In addition, the stirring tank 10 may have a gas
discharge port for discharging the gas inside the tank to the
outside of the stirring tank.

[0065] A procedure for putting the resin having a polarity
that increases by the action of an acid, the photoacid
generator, and the solvent into the stirring tank 10 is not
particularly limited.

[0066] Examples thereof include a method of that the
above-mentioned components from a material charging port
(not shown) of the stirring tank 10. In a case of putting the
components, the components may be added sequentially or
collectively. Furthermore, in a case of putting one compo-
nent, the component may be put a plurality of times.
[0067] In addition, in a case where the respective compo-
nents are sequentially put into the stirring tank 10, the
putting order is not particularly limited. For example, in a
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case where five components of a resin having a polarity that
increases by the action of an acid (denoted as “Polymer” in
Tables 1 and 2), a photoacid generator, a solvent, an acid
diffusion control agent, and an additive are put into the
stirring tank 10, there may be 120 putting methods as shown
in Tables 1 and 2 below.

[0068] Moreover, Tables 1 and 2 show the order (1 to 5)
in which the five components are put into the stirring tank
10.

TABLE 1

Putting order

Example 1 2 3 4 5
1 Polymer Solvent Photoacid Acid Additive
generator diffusion
control
agent
2 Polymer Solvent Photoacid ~ Additive Acid
generator diffusion
control
agent
3 Polymer Solvent Acid Photoacid  Additive
diffusion generator
control
agent
4 Polymer Solvent Acid Additive Photoacid
diffusion generator
control
agent
5 Polymer Solvent Additive Photoacid Acid
generator diffusion
control
agent
6 Polymer Solvent Additive Acid Photoacid
diffusion generator
control
agent
7 Polymer Photoacid Solvent Acid Additive
generator diffusion
control
agent
8 Polymer Photoacid Solvent Additive Acid
generator diffusion
control
agent
9 Polymer Photoacid Acid Solvent Additive
generator diffusion
control
agent
10 Polymer Photoacid Acid Additive Solvent
generator diffusion
control
agent
11 Polymer Photoacid ~ Additive Solvent Acid
generator diffusion
control
agent
12 Polymer Photoacid ~ Additive Acid Solvent
generator diffusion
control
agent
13 Polymer Acid Solvent Photoacid  Additive
diffusion generator
control
agent
14 Polymer Acid Solvent Additive Photoacid
diffusion generator
control
agent
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-continued -continued
15 Polymer Acid Photoacid Solvent Additive 34 Solvent Photoacid Acid Additive Polymer
diffusion generator generator diffusion
control control
agent agent
16 Polymer Acid Photoacid ~ Additive Solvent 35 Solvent Photoacid ~ Additive Polymer Acid
diffusion generator generator diffusion
control control
agent agent
17 Polymer Acid Additive Solvent Photoacid 36 Solvent Photoacid ~ Additive Acid Polymer
diffusion generator generator diffusion
control control
agent agent
18 Polymer Acid Additive Photoacid Solvent 37 Solvent Acid Polymer Photoacid  Additive
diffusion generator diffusion generator
control control
agent agent
19 Polymer Additive Solvent Photoacid Acid 38 Solvent Acid Polymer Additive Photoacid
generator diffusion diffusion generator
control control
agent agent
20 Polymer Additive Solvent Acid Photoacid 39 Solvent Acid Photoacid Polymer Additive
diffusion generator diffusion generator
control control
agent agent
21 Polymer Additive Photoacid Solvent Acid 40 Solvent Acid Photoacid ~ Additive Polymer
generator diffusion diffusion generator
control control
agent agent
22 Polymer Additive Photoacid Acid Solvent 41 Solvent Acid Additive Polymer Photoacid
generator diffusion diffusion generator
control control
agent agent
23 Polymer Additive Acid Solvent Photoacid 42 Solvent Acid Additive Photoacid Polymer
diffusion generator diffusion generator
control control
agent agent
24 Polymer Additive Acid Photoacid Solvent 43 Solvent Additive Polymer Photoacid Acid
diffusion generator generator diffusion
control control
agent agent
25 Solvent Polymer Photoacid Acid Additive 44 Solvent Additive Polymer Acid Photoacid
generator diffusion diffusion generator
control control
agent agent
26 Solvent Polymer Photoacid ~ Additive Acid 45 Solvent Additive Photoacid Polymer Acid
generator diffusion generator diffusion
control control
agent agent
27 Solvent Polymer Acid Photoacid ~ Additive 46 Solvent Additive Photoacid Acid Polymer
diffusion generator generator diffusion
control control
agent agent
28 Solvent Polymer Acid Additive Photoacid 47 Solvent Additive Acid Polymer Photoacid
diffusion generator diffusion generator
control control
agent agent
29 Solvent Polymer Additive Photoacid Acid 48 Solvent Additive Acid Photoacid Polymer
generator diffusion diffusion generator
control control
agent agent
30 Solvent Polymer Additive Acid Photoacid 49 Photoacid Polymer Solvent Acid Additive
diffusion generator generator diffusion
control control
agent agent
31 Solvent Photoacid Polymer Acid Additive 50 Photoacid Polymer Solvent Additive Acid
generator diffusion generator diffusion
control control
agent agent
32 Solvent Photoacid Polymer Additive Acid 51 Photoacid Polymer Acid Solvent Additive
generator diffusion generator diffusion
control control
agent agent
33 Solvent Photoacid Acid Polymer Additive 52 Photoacid Polymer Acid Additive Solvent
generator diffusion generator diffusion
control control

agent agent
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-continued -continued
53 Photoacid Polymer Additive Solvent Acid 70 Photoacid ~ Additive Solvent Acid Polymer
generator diffusion generator diffusion
control control
agent agent
54 Photoacid Polymer Additive Acid Solvent 71 Photoacid ~ Additive Acid Polymer Solvent
generator diffusion generator diffusion
control control
agent agent
55 Photoacid Solvent Polymer Acid Additive 72 Photoacid ~ Additive Acid Solvent Polymer
generator diffusion generator diffusion
control control
agent agent
56 Photoacid Solvent Polymer Additive Acid 73 Acid Polymer Solvent Photoacid  Additive
generator diffusion diffusion generator
control control
agent agent
57 Photoacid Solvent Acid Polymer Additive 74 Acid Polymer Solvent Additive Photoacid
generator diffusion diffusion generator
control control
agent agent
58 Photoacid Solvent Acid Additive Polymer 75 Acid Polymer Photoacid Solvent Additive
generator diffusion diffusion generator
control control
agent agent
59 Photoacid Solvent Additive Polymer Acid 76 Acid Polymer Photoacid ~ Additive Solvent
generator diffusion diffusion generator
control control
agent agent
60 Photoacid Solvent Additive Acid Polymer 77 Acid Polymer Additive Solvent Photoacid
generator diffusion diffusion generator
control control
agent agent
78 Acid Polymer Additive Photoacid Solvent
Table 2 diffusion generator
control
Putting order agent
79 Acid Solvent Polymer Photoacid  Additive
Example 1 2 3 4 5 diffusion generator
control
61 Photoacid Acid Polymer Solvent Additive agent
generator diffusion 80 Acid Solvent Polymer Additive Photoacid
control diffusion generator
agent control
62 Photoacid Acid Polymer Additive Solvent agent
generator diffusion 81 Acid Solvent Photoacid Polymer Additive
control diffusion generator
agent control
63 Photoacid Acid Solvent Polymer Additive agent
generator diffusion 82 Acid Solvent Photoacid ~ Additive Polymer
control diffusion generator
agent controtl
; ; i agen
64 Photoacid .Acu.i Solvent Additive Polymer 83 Acid Solvent Additive Polymer Photoacid
generator diffusion diffusion generator
control
control
. agelnt L agent
65 Photoacid Acid Additive Polymer Solvent 84 Acid Solvent Additive Photoacid Polymer
generator  diffusion diffusion generator
control control
agent agent
66 Photoacid Acid Additive Solvent Polymer 85 Acid Photoacid Polymer Solvent Additive
generator diffusion diffusion generator
control control
agent agent
67 Photoacid  Additive Polymer Solvent Acid 86 Acid Photoacid Polymer Additive Solvent
generator diffusion diffusion generator
control control
agent agent
68 Photoacid  Additive Polymer Acid Solvent 87 Acid Photoacid Solvent Polymer Additive
generator diffusion diffusion generator
control control
agent agent
69 Photoacid  Additive Solvent Polymer Acid 88 Acid Photoacid Solvent Additive Polymer
generator diffusion diffusion generator
control control

agent agent
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-continued -continued
89 Acid Photoacid  Additive Polymer Solvent 108 Additive Solvent Acid Photoacid Polymer
diffusion generator diffusion generator
control control
agent agent
20 Acid Photoacid  Additive Solvent Polymer 109 Additive Photoacid Polymer Solvent Acid
diffusion generator generator diffusion
control control
agent agent
91 Acid Additive Polymer Solvent Photoacid 110 Additive Photoacid Polymer Acid Solvent
diffusion generator generator diffusion
control control
agent agent
92 Acid Additive Polymer Photoacid Solvent 111 Additive Photoacid Solvent Polymer Acid
diffusion generator generator diffusion
control control
agent agent
93 Acid Additive Solvent Polymer Photoacid 112 Additive Photoacid Solvent Acid Polymer
diffusion generator generator diffusion
control control
agent agent
94 Acid Additive Solvent Photoacid Polymer 113 Additive Photoacid Acid Polymer Solvent
diffusion generator generator diffusion
control control
agent agent
95 Acid Additive Photoacid Polymer Solvent 114 Additive Photoacid Acid Solvent Polymer
diffusion generator generator diffusion
control control
agent agent
96 Acid Additive Photoacid Solvent Polymer 115 Additive Acid Polymer Solvent Photoacid
diffusion generator diffusion generator
control control
agent agent
97 Additive Polymer Solvent Photoacid Acid 116 Additive Acid Polymer Photoacid Solvent
generator diffusion diffusion generator
control control
agent agent
98 Additive Polymer Solvent Acid Photoacid 117 Additive Acid Solvent Polymer Photoacid
diffusion generator diffusion generator
control control
agent agent
99 Additive Polymer Photoacid Solvent Acid 118 Additive Acid Solvent Photoacid Polymer
generator diffusion diffusion generator
control control
agent agent
100 Additive Polymer Photoacid Acid Solvent 119 Additive Acid Photoacid Polymer Solvent
generator diffusion diffusion generator
control control
agent agent
101 Additive Polymer Acid Solvent Photoacid 120 Additive Acid Photoacid Solvent Polymer
diffusion generator diffusion generator
control control
agent agent
102 Additive Polymer Acid Photoacid Solvent
diffusion generator
an;‘zl [0069] Inaddition, ina case where a component other than
103 Additive  Solvent Poigymer Photoacid Acid a solyent is put into the stirring tank, the component may be
generator  diffusion put into the stirring tank 10 as a solution in which the
control component is dissolved in the solvent. At that time, in order
N i agent. to remove a insoluble matter in the solution, the solution
104 Additive Solvent Polymer Acid Photoacid . ..
diffusion  generator may be filtered and then put into the stirring tank 10.
control [0070] Furthermore, in a case where the solvent is put into
. ) agent ) the stirring tank 10, the solvent may be filtered and then put
105 Additive Solvent Photoacid Polymer Acid . T .
iy into the stirring tank 10.
generator diffusion
control [0071] In addition, in a case where various components
agent are put into the stirring tank 10, a liquid feeding pump may
106 Additive Solvent Photoacid Acid Polymer be used
generator diffusion ’
control [0072] A concentration of the component in the solution in
agent which the component is dissolved is not particularly limited,
107 Additive  Solvent Acid Polymer  Photoacid but is preferably 10% to 50% by mass with respect to a total
diffusion generator .
mass of the solution.
control
agent [0073] A kind of a filter used for the filter filtration is not

particularly limited, and a known filter is used.
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[0074] A pore diameter (pore size) of the filter is prefer-
ably 0.20 um or less, more preferably 0.10 um or less, and
still more preferably 0.05 um or less.
[0075] As a material of the filter, a fluorine resin such as
polytetrafluoroethylene, a polyolefin resin such as polypro-
pylene and polyethylene, and a polyamide resin such as
nylon 6 and nylon 66 are preferable.
[0076] As the filter, a filter which has been washed with an
organic solvent in advance may be used.
[0077] In the filtration using a filter, a plurality of filters
connected in series or in parallel may be used. In a case
where the plurality of filters are used, a combination of
filters having different pore diameters and/or materials may
be used. In addition, in the filtration with a filter, circulatory
filtration may be carried out. As a method of circulatory
filtration, for example, the method disclosed in JP2002-
62667 A is preferable.
[0078] As the filter, a filter having a reduced amount of
elutes as disclosed in JP2016-201426A is preferable.
[0079] Moreover, after the filter filtration, impurities may
be further removed by an adsorbing material.
[0080] Usually, in a case where a resin having a polarity
that increases by the action of an acid, a photoacid generator,
and a solvent are put into a stirring tank, it is preferable that
the components are put so that a space is generated in the
stirring tank. More specifically, as shown in FIG. 1, it is
preferable that each component is put into the stirring tank
so that a space S (void S) is not generated in the stirring tank
10, which is not occupied by a mixture M containing at least
a resin having a polarity that increases by the action of an
acid, a photoacid generator, and a solvent.
[0081] An occupancy of the mixture containing at least the
resin having a polarity that increases by the action of an acid,
the photoacid generator, and the solvent in the stirring tank
is not particularly limited, but is preferably 50% to 95% by
volume, and more preferably 80% to 90% by volume.
[0082] Furthermore, an occupancy of the mixture is deter-
mined by Expression (1).

Occupancy={(Volume of mixture in stirring tank/

Volume of container in stirring tank)}x100 Expression (1):

[0083] In addition, a void ratio (proportion occupied by
the space (void)) in the stirring tank is preferably 5% to 50%
by volume, and more preferably 10% to 20% by volume.
[0084] The void ratio is determined by Expression (2).

Void ratio={1-(Volume of mixture in stirring tank/

Volume of container in stirring tank)}x100 Expression (2):

[0085] <Step 2>

[0086] The step 2 is a step of producing a radiation-
sensitive resin composition by stirring and mixing the resin
having a polarity that increases by the action of an acid, the
photoacid generator, and the solvent in the stirring tank
under a specific gas. More specifically, in the step 2, the resin
having a polarity that increases by the action of an acid, the
photoacid generator, and the solvent are stirred and mixed in
the state where the space S shown in FIG. 1 is filled with the
specific gas (charged state).

[0087] In the specific gas, the inert gas concentration is
90% by volume or more in a total volume of the specific gas.
Among those, the inert gas concentration is preferably 95%
by volume or more from at least one of the viewpoints that
the occurrence of defects in a pattern formed is further
suppressed or the fluctuation in a sensitivity after long-term
storage is further suppressed (hereinafter simply also
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described as follows: “the effect of the present invention is
more excellent”. An upper limit thereof is not particularly
limited, but may be 100% by mass.

[0088] Examples of the inert gas include nitrogen and
noble gases such as helium and argon. Examples of a gas
other than the inert gas in the specific gas include oxygen
and water vapor.

[0089] In the step 2, it is sufficient that various compo-
nents can be stirred and mixed in the presence of the specific
gas, and a time (timing) for substituting the gas in the stirring
tank with the specific gas is not particularly limited.
[0090] For example, a method in which a step 3 of
substituting the gas in the stirring tank with a specific gas is
carried out before the above-mentioned step 1 may be
mentioned. That is, a method in which the gas in the stirring
tank is substituted with the specific gas before putting the
resin having a polarity that increases by the action of an acid,
the photoacid generator, and the solvent into the stirring tank
may be mentioned. Examples of the substituting method
include a method of supplying (introducing) an inert gas into
the stirring tank. In a case where the step 3 is carried out, it
is preferable that the steps 1 and 2 are carried out while
introducing the specific gas into the stirring tank in order to
maintain the state where the gas in the stirring tank is the
specific gas. That is, it is preferable to start the introduction
of'the specific gas into the stirring tank before the step 1, and
then carry out the steps 1 and 2 in the presence of the specific
gas (in the state where the space of the stirring tank is filled
with the specific gas).

[0091] In addition, a method in which a step 4 of substi-
tuting the gas in the stirring tank with a specific gas is carried
out in the above-mentioned step 1 may be mentioned. That
is, a method in which the gas in the stirring tank is substi-
tuted with the specific gas at the same time as the time of
charging the resin having a polarity that increases by the
action of an acid, the photoacid generator, and the solvent
into the stirring tank. Examples of the substituting method
include a method of supplying (introducing) an inert gas into
the stirring tank. In a case where the step 4 is carried out, it
is preferable that the step 2 is carried out while introducing
the specific gas into the stirring tank in order to maintain the
state where the gas in the stirring tank is the specific gas.
That is, in the step 1, it is preferable to start introducing the
specific gas into the stirring tank and carry out the step 2 in
the presence of the specific gas (in a state where the space
of the stirring tank is filled with the specific gas).

[0092] In addition, a method in which a step 5 of substi-
tuting the gas in the stirring tank with a specific gas is carried
out between the above-mentioned steps 1 and 2 may be
mentioned. That is, a method in which the gas in the stirring
tank is substituted with the specific gas after charging the
resin having a polarity that increases by the action of an acid,
the photoacid generator, and the solvent into the stirring tank
may be mentioned. Examples of the substituting method
include a method of supplying (introducing) an inert gas into
the stirring tank. In a case where the step 5 is carried out, it
is preferable to carry out the step 2 while introducing the
specific gas into the stirring tank in order to maintain the
state in which the gas in the stirring tank is the specific gas.
That is, it is preferable to start the introduction of the specific
gas into the stirring tank after the step 1, and then carry out
the step 2 in the presence of the specific gas (in the state
where the space of the stirring tank is filled with the specific

gas).
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[0093] Among those, it is preferable to carry out the step
3 from the viewpoint that the effect of the present invention
is more excellent.

[0094] Furthermore, in a case where the inert gas is
supplied (introduced) into the stirring tank, it may be sup-
plied through a gas filter for the inert gas or compressed air.
[0095] In the step 2, the atmospheric pressure inside the
stirring tank is adjusted to be higher than the atmospheric
pressure outside the stirring tank. By maintaining this state,
it is possible to suppress the gas containing moisture and
oxygen outside the stirring tank from being incorporated
into the stirring tank.

[0096] Examples of the method of maintaining the state
include a method of continuously introducing the specific
gas into the stirring tank.

[0097] Inaddition, in the step 2, the difference between the
atmospheric pressure inside the stirring tank and the atmo-
spheric pressure outside the stirring tank is adjusted to be 2.0
kPa or less. In other words, the difference between the
atmospheric pressure of the specific gas in the space inside
the stirring tank and the atmospheric pressure outside the
stirring tank is adjusted to be 2.0 kPa or less. By maintaining
this state, it is possible to suppress the dissolution of the
specific gas into the mixture in the stirring tank, and as a
result, it is possible to suppress the occurrence of defects in
a pattern thus formed.

[0098] The difference is preferably 1.8 kPa or less, more
preferably 1.5 kPa or less, and still more preferably 0.8 kPa
or less from the viewpoint that the effect of the present
invention is more excellent. The lower limit is not particu-
larly limited, but is preferably 0.1 kPa or more.

[0099] Furthermore, a method for measuring the atmo-
spheric pressure inside the stirring tank and the atmospheric
pressure outside the stirring tank is not particularly limited,
and is carried out using a commercially available barometer.
[0100] In the step 2, the resin having a polarity that
increases by the action of an acid, the photoacid generator,
and the solvent are stirred and mixed under a specific gas. A
method for performing the stirring and mixing is not par-
ticularly limited, but is preferably carried out with by the
above-mentioned stirring blade. Furthermore, in a case of
performing the stirring and mixing, it is preferable to per-
form the stirring in consideration of a shape and a size of the
stirring blade, an installation location, a stirring rotation
speed, and the like so that the liquid is sufficiently stirred.
[0101] A temperature of the mixture containing the resin
having a polarity that increases by the action of an acid, the
photoacid generator, and the solvent during stirring and
mixing is not particularly limited, but is preferably 15° C. to
32° C., and more preferably 20° C. to 24° C.

[0102] Inaddition, in a case of performing the stirring and
mixing, the temperature of the mixture is preferably kept
constant, and is preferably within +10° C., more preferably
within £5° C., and still more preferably within +1° C. from
a set temperature.

[0103] A stirring and mixing time is not particularly
limited, but is preferably 1 to 48 hours, and more preferably
15 to 24 hours from the viewpoint of a balance of the
uniformity of the obtained radiation-sensitive resin compo-
sition and the productivity.

[0104] A rotation speed of the stirring blade during the
stirring and mixing is not particularly limited, but is pref-
erably 20 to 500 rpm, more preferably 40 to 350 rpm, and
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still more preferably 50 to 300 rpm from the viewpoint that
the effect of the present invention is more excellent.
[0105] Furthermore, in a case of stopping the stirring and
mixing, it is preferable to confirm that various components
are dissolved in the solvent.

[0106] During the stirring and mixing, ultrasonic waves
may be applied to the mixture.

[0107] A moisture content in a radiation-sensitive resin
composition produced by the production method of the
embodiment of the present invention is not particularly
limited, but is preferably 0.10% by mass or less, and more
preferably 0.06% by mass or less, and still more preferably
0.04% by mass or less from the viewpoint that the effect of
the present invention is more excellent. A lower limit of the
moisture content is not particularly limited, but is often
0.01% by mass or more.

[0108] Examples of a method for measuring the moisture
content in the radiation-sensitive resin composition include
a method using a Karl Fischer moisture measuring device.
[0109] An oxygen content in a radiation-sensitive resin
composition produced by the production method of the
embodiment of the present invention is not particularly
limited, but is preferably 0.030 pg/ul. or less, and more
preferably 0.027 ng/ul. from the viewpoint that the effect of
the present invention is more excellent. A lower limit of the
oxygen content is not particularly limited, but is often 0.001
pg/ul, or more.

[0110] A dissolved gas content in a radiation-sensitive
resin composition produced by the production method of the
embodiment of the present invention is not particularly
limited, but is preferably 0.210 pg/ul. or less, and more
preferably 0.190 pg/ul. or less from the viewpoint that the
effect of the present invention is more excellent. A lower
limit of the dissolved gas content is not particularly limited,
but is often 0.001 pg/ul or more.

[0111] Examples of a method for measuring the dissolved
gas content in the radiation-sensitive resin composition
include a method using gas chromatography (GC390 manu-
factured by GL Sciences Inc.) having a thermal conductivity
detector (TCD).

[0112] Moreover, in the present specification, the dis-
solved gas content corresponds to a sum of the nitrogen
content and the oxygen content.

[0113] After carrying out the step 2, a radiation-sensitive
resin composition thus produced may be subjected to a
filtration treatment.

[0114] For example, a method in which the radiation-
sensitive resin composition produced in the stirring tank 10
is fed to the circulation pipe 16 and filtered with the filter 18
in the device 100 shown in FIG. 1 may be mentioned. In a
case where the radiation-sensitive resin composition is fed
from the stirring tank 10 to the circulation pipe 16, it is
preferable to open a valve (not shown) to feed the radiation-
sensitive resin composition to the circulation pipe 16.
[0115] The circulatory filtration may be carried out con-
tinuously a plurality of times. That is, the radiation-sensitive
resin composition may be continuously fed to the circulation
pipe and passed through the filter 18 a plurality of times.
[0116] A method for feeding the radiation-sensitive resin
composition from the stirring tank 10 to the circulation pipe
16 is not particularly limited, and examples thereof include
a method of feeding a liquid using gravity, a method of
applying a pressure from a liquid level side of the radiation-
sensitive resin composition, a method of setting a pressure
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on the circulation pipe 16 side to a negative pressure, and a
method obtained by combination of two or more of these
methods.

[0117] In a case of the method of applying a pressure from
the liquid level side of the radiation-sensitive resin compo-
sition, examples of the method include a method of utilizing
a flow pressure generated by feeding of liquid and a method
of pressurizing the gas.

[0118] The flow pressure is preferably generated by, for
example, a pump (a liquid feeding pump, a circulation
pump, and the like), or the like. Examples of the pump
include uses of a rotary pump, a diaphragm pump, a meter-
ing pump, a chemical pump, a plunger pump, a bellows
pump, a gear pump, a vacuum pump, an air pump, and a
liquid pump, as well as commercially available pumps as
appropriate. A position where the pump is arranged is not
particularly limited.

[0119] The gas used for pressurization is preferably a gas
which is inert or non-reactive with respect to the radiation-
sensitive resin composition, and specific examples thereof
include nitrogen and noble gases such as helium and argon.
It is preferable that the circulation pipe 16 side is not
decompressed but has an atmospheric pressure.

[0120] As a method of making the circulation pipe 16 side
a negative pressure, decompression by a pump is preferable,
and decompression to vacuum is more preferable.

[0121] Examples of the filter 18 include the filter used in
the filter filtration described in the step 1.

[0122] A differential pressure (a pressure difference
between the upstream side and the downstream side) applied
to the filter 18 is preferably 200 kPa or less, and more
preferably 100 kPa or less.

[0123] In addition, in a case of performing the filtration
with the filter 18, it is preferable that a change in the
differential pressure during the filtration is small. The dif-
ferential pressure before and after the filtration for a period
from a point in time that 90% by mass of the solution to be
filtered is finished to a point in time that the passage of the
liquid through a filter is started is maintained to be prefer-
ably within £50 kPa, and more preferably within +20 kPa of
the differential pressure before and after the filtration at the
point in time that the passage of the liquid is started.
[0124] In a case of performing the filtration with the filter
18, a linear velocity is preferably in the range of 3 to 150
L/(hr-m?), more preferably 5 to 120 L/(hr-m?), and still more
preferably 10 to 100 L/(hr-m?).

[0125] Moreover, in the device 100 shown in FIG. 1, a
buffer tank in which the filtered radiation-sensitive resin
composition is stored may be arranged on the downstream
side of the filter 18.

[0126] As shown in FIG. 1, the radiation-sensitive resin
composition produced in the stirring tank 10 may be fed to
the discharge pipe 20, discharged from the discharge nozzle
22 arranged at the end part of the discharge pipe 20, and
contained in a predetermined container.

[0127] In a case where the radiation-sensitive resin com-
position is charged into the container, the charging rate is
preferably 0.3 to 3 L/min, more preferably 0.4 to 2.0 L/min,
an still more preferably 0.5 to 1.5 L/min, with a capacity of
the container being, for example, 0.75 L. or more and less
than 5 L.

[0128] A plurality of discharge nozzles may be arranged in
parallel and charging may be performed at the same time in
order to improve a charge efficiency.
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[0129] Examples of the container include a bloom-treated
glass container and a container in which the liquid contact
portion is treated to be a fluorine resin.
[0130] In a case where the radiation-sensitive resin com-
position is contained in the container, a space in the con-
tainer (a region in the container not occupied by the radia-
tion-sensitive resin composition) may be substituted with a
predetermined gas. The gas is preferably a gas which is inert
or non-reactive with respect to the radiation-sensitive resin
composition, and specific examples thereof include nitrogen
and noble gases such as helium and argon.
[0131] Before the radiation-sensitive resin composition is
contained in the container, a degassing treatment for remov-
ing the dissolved gas in the radiation-sensitive resin com-
position may be carried out. Examples of the degassing
method include an ultrasonic treatment and a defoaming
treatment.

[0132] <Pattern Forming Method>

[0133] The radiation-sensitive resin composition pro-

duced by the above-mentioned production method is used

for pattern formation.

[0134] More specifically, the procedure of the pattern

forming method using the composition of the embodiment

of the present invention is not particularly limited, but
preferably has the following steps.

[0135] Step A: a step of forming a resist film on a
substrate, using the composition of the embodiment of the
present invention

[0136] Step B: a step of exposing the resist film

[0137] Step C: a step of developing the exposed resist film
using a developer to form a pattern

[0138] Hereinafter, the procedure of each of the steps will

be described in detail.

[0139] (Step A: Resist Film Forming Step)

[0140] Step A is a step of forming a resist film on a

substrate, using the composition of the embodiment of the

present invention.

[0141] The composition of the embodiment of the present

invention is as described above.

[0142] Examples of the method of forming a resist film on

a substrate, using the composition include a method of

applying the composition onto a substrate.

[0143] In addition, it is preferable that the composition

before the application is filtered through a filter, as neces-

sary. A pore size of the filter is preferably 0.1 um or less,
more preferably 0.05 um or less, and still more preferably

0.03 um or less. In addition, the filter is preferably a

polytetrafluoroethylene-made,  polyethylene-made, or

nylon-made filter.

[0144] The composition can be applied onto a substrate

(for example, silicon and silicon dioxide coating) as used in

the manufacture of integrated circuit elements by a suitable

application method such as ones using a spinner or a coater.

As the application method, spin application using a spinner

is preferable.

[0145] After applying the composition, the substrate may

be dried to form a resist film. In addition, various underlying

films (an inorganic film, an organic film, or an antireflection
film) may be formed on the underlayer of the resist film.

[0146] Examples of the drying method include a heating

method (pre-baking: PB). The heating may be performed

using a unit included in an ordinary exposure machine
and/or an ordinary development machine, and may also be
performed using a hot plate or the like.
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[0147] The heating temperature is preferably 80° C. to
150° C., and more preferably 80° C. to 140° C.

[0148] The heating time is preferably 30 to 1,000 seconds,
and more preferably 40 to 800 seconds.

[0149] A film thickness of the resist film is not particularly
limited, but in a case of a resist film for KrF exposure, the
film thickness is preferably 0.2 to 12 um, and more prefer-
ably 0.3 to 5 um.

[0150] In addition, in a case of a resist film for ArF
exposure or EUV exposure, the film thickness is preferably
30 to 700 nm, and more preferably 40 to 400 nm.

[0151] Moreover, a topcoat may be formed on the upper
layer of the resist film, using the topcoat composition.
[0152] It is preferable that the topcoat composition is not
mixed with the resist film and can be uniformly applied onto
the upper layer of the resist film.

[0153] The film thickness of the topcoat is preferably 10 to
200 nm, and more preferably 20 to 100 nm.

[0154] The topcoat is not particularly limited, a topcoat
known in the related art can be formed by a method known
in the related art, and for example, the topcoat can be formed
in accordance with the description in paragraphs [0072] to
[0082] of JP2014-059543A.

[0155] (Step B: Exposing Step)
[0156] The step B is a step of exposing the resist film.
[0157] Examples of the exposing method include a

method of irradiating a resist film thus formed with radiation
through a predetermined mask.

[0158] Examples of the radiation include infrared light,
visible light, ultraviolet light, far ultraviolet light, extreme
ultraviolet light, X-rays, and electron beams (EB), prefer-
ably a far ultraviolet light having a wavelength of 250 nm or
less, more preferably a far ultraviolet light having a wave-
length of 220 nm or less, and particularly preferably a far
ultraviolet light having a wavelength of 1 to 200 nm,
specifically, KrF excimer laser (248 nm), ArF excimer laser
(193 nm), F, excimer laser (157 nm), EUV (13 nm), X-rays,
and EB.

[0159] It is preferable to bake (post-bake: PEB) after
exposure and before developing.

[0160] The heating temperature is preferably 80° C. to
150° C., and more preferably 80° C. to 140° C.

[0161] The heating time is preferably 10 to 1,000 seconds,
and more preferably 10 to 180 seconds.

[0162] The heating may be performed using a unit
included in an ordinary exposure machine and/or an ordi-
nary development machine, and may also be performed
using a hot plate or the like.

[0163] This step is also described as a post-exposure
baking.

[0164] (Step C: Developing Step)

[0165] The step C is a step of developing the exposed

resist film using a developer to form a pattern.

[0166] Examples of the developing method include a
method in which a substrate is immersed in a tank filled with
a developer for a certain period of time (a dip method), a
method in which development is performed by heaping a
developer up onto the surface of a substrate by surface
tension, and then leaving it to stand for a certain period of
time (a puddle method), a method in which a developer is
sprayed on the surface of a substrate (a spray method), and
a method in which a developer is continuously jetted onto a
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substrate rotating at a constant rate while scanning a devel-
oper jetting nozzle at a constant rate (a dynamic dispense
method).

[0167] Furthermore, after the step of performing develop-
ment, a step of stopping the development may be carried out
while substituting the solvent with another solvent.

[0168] The developing time is not particularly limited as
long as it is a period of time where the unexposed area of a
resin is sufficiently dissolved and is preferably 10 to 300
seconds, and more preferably 20 to 120 seconds.

[0169] The temperature of the developer is preferably 0°
C. to 50° C., and more preferably 15° C. to 35° C.

[0170] Examples of the developer include an alkaline
developer and an organic solvent developer.

[0171] As the alkaline developer, it is preferable to use an
aqueous alkaline solution containing an alkali. Among
those, the aqueous solutions of the quaternary ammonium
salts typified by tetramethylammonium hydroxide (TMAH)
are preferable as the alkaline developer. An appropriate
amount of an alcohol, a surfactant, or the like may be added
to the alkaline developer. The alkali concentration of the
alkaline developer is usually 0.1% to 20% by mass. Further,
the pH of the alkaline developer is usually 10.0 to 15.0.
[0172] The organic solvent developer is a developer con-
taining an organic solvent.

[0173] Examples of the organic solvent used in the organic
solvent developer include known organic solvents, and
include an ester-based solvent, a ketone-based solvent, an
alcohol-based solvent, an amide-based solvent, an ether-
based solvent, and a hydrocarbon-based solvent.

[0174] (Other Steps)

[0175] It is preferable that the pattern forming method
includes a step of performing washing using a rinsing liquid
after the step C.

[0176] Examples of the rinsing liquid used in the rinsing
step after the step of performing development using the
developer include pure water. Further, an appropriate
amount of a surfactant may be added to pure water.
[0177] An appropriate amount of a surfactant may be
added to the rinsing liquid.

[0178] In addition, an etching treatment on the substrate
may be carried out using a pattern thus formed as a mask.
That is, the substrate (or the underlayer film and the sub-
strate) may be processed using the pattern thus formed in the
step C as a mask to form a pattern on the substrate.
[0179] A method for processing the substrate (or the
underlayer film and the substrate) is not particularly limited,
but a method in which a pattern is formed on a substrate by
subjecting the substrate (or the underlayer film and the
substrate) to dry etching using the pattern thus formed in the
step C as a mask is preferable.

[0180] The dry etching may be one-stage etching or multi-
stage etching. In a case where the etching is etching includ-
ing a plurality of stages, the etchings at the respective stages
maybe the same treatment or different treatments.

[0181] For etching, any of known methods can be used,
and various conditions and the like are appropriately deter-
mined according to the type of a substrate, usage, and the
like. Etching can be carried out, for example, in accordance
with Journal of The International Society for Optical Engi-
neering (Proc. of SPIE), Vol. 6924, 692420 (2008), JP2009-
267112A, and the like. In addition, the etching can also be
carried out in accordance with “Chapter 4 Etching” in
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“Semiconductor Process Text Book, 4” Ed., published in
2007, publisher: SEMI Japan”.

[0182] Among those, oxygen plasma etching is preferable
as the dry etching.

[0183] It is preferable that various materials (for example,
a solvent, a developer, a rinsing liquid, a composition for
forming an antireflection film, and a composition for form-
ing a topcoat) used in the production method and the
composition of the embodiments of the present invention do
not contain impurities such as metals. The content of the
impurities included in these materials is preferably 1 ppm by
mass or less, more preferably 10 ppb by mass or less, still
more preferably 100 ppt by mass or less, particularly pref-
erably 10 ppt by mass or less, and most preferably 1 ppt by
mass or less. Here, examples of the metal impurities include
Na, K, Ca, Fe, Cu, Mg, Al, Li, Cr, Ni, Sn, Ag, As, Au, Ba,
Cd, Co, Mo, Zr, Pb, T1, V, W, and Zn.

[0184] Examples of a method for removing impurities
such as metals from the various materials include filtration
using a filter. A filter pore diameter of the filter is preferably
0.20 pm or less, more preferably 0.05 um or less, and still
more preferably 0.01 um or less.

[0185] As a material of the filter, a fluorine resin such as
polytetrafluoroethylene (PTFE) and perfluoroalkoxy alkane
(PFA), a polyolefin resin such as polypropylene and poly-
ethylene, and a polyamide resin such as nylon 6 and nylon
66 are preferable. As the filter, a filter which has been
washed with an organic solvent in advance may be used. In
the step of filtration using a filter, a plurality of filters or a
plurality of kinds of filters connected in series or in parallel
may be used. In a case of using the plural kinds of filters, a
combination of filters having different pore diameters and/or
materials may be used. In addition, various materials may be
filtered plural times, and the step of filtering plural times
may be a circulatory filtration step. As the circulatory
filtration step, for example, the method disclosed in the
specification of JP2002-62667A is preferable.

[0186] As the filter, a filter having a reduced amount of
elutes as disclosed in the specification of JP2016-201426A
is preferable.

[0187] In addition to the filtration using a filter, removal of
impurities by an adsorbing material may be performed, or a
combination of filtration using a filter and an adsorbing
material may be used. As the adsorbing material, known
adsorbing materials can be used, and for example, inorganic
adsorbing materials such as silica gel and zeolite, or organic
adsorbing materials such as activated carbon can be used.
Examples of the metal adsorbing material include those
disclosed in the specification of JP2016-206500A.

[0188] In addition, examples of a method for reducing the
impurities such as metals included in various materials
include a method in which a raw material having a low metal
content is selected as a raw material constituting various
materials and the raw material constituting the various
materials is subjected to filtration using a filter; and a method
in which distillation and the like are performed under
conditions suppressing contamination as much as possible
by performing a lining or coating with a fluorine resin and
the like in the inside of a device. Preferred conditions for the
filtration using a filter performed on the raw materials
constituting various materials are the same ones as the
above-mentioned conditions.

[0189] In order to prevent impurities from being incorpo-
rated, it is preferable that various materials are stored in the
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container described in the specification of US2015/
0227049A, the specification of JP2015-123351A, the speci-
fication of JP2017-13804A, or the like.

[0190] Various materials may be used after being diluted
with the solvent used in the composition.

[0191] <Resin Having Polarity That Increases by Action
of Acid>
[0192] The resin having a polarity that increases by the

action of an acid (hereinafter also simply described as a
“resin (A)”) preferably has a repeating unit (A-a) having an
acid-decomposable group (hereinafter simply a “repeating
unit (A-a)”).

[0193] The acid-decomposable group is a group that
decomposes by the action of an acid to produce a polar
group. The acid-decomposable group preferably has a struc-
ture in which the polar group is protected by an eliminable
group that is eliminated by the action of an acid. That is, the
resin (A) has a repeating unit (A-a) having a group that
decomposes by the action of an acid to produce a polar
group. A resin having this repeating unit (A-a) has an
increased polarity by the action of an acid, and thus has an
increased solubility in an alkaline developer, and a
decreased solubility in an organic solvent.

[0194] As the polar group, an alkali-soluble group is
preferable, and examples thereof include an acidic group
such as a carboxyl group, a phenolic hydroxyl group, a
fluorinated alcohol group, a sulfonic acid group, a sulfona-
mide group, a sulfonylimide group, an (alkylsulfonyl)(al-
kylcarbonyl)methylene group, an (alkylsulfonyl)(alkylcar-
bonyl)imide group, a bis(alkylcarbonyl)methylene group, a
bis(alkylcarbonyl)imide group, a bis(alkylsulfonyl)methyl-
ene group, a bis(alkylsulfonyl)imide group, a tris(alkylcar-
bonyl)methylene group, and a tris(alkylsulfonyl)methylene
group, and an alcoholic hydroxyl group.

[0195] Among those, as the polar group, the carboxyl
group, the phenolic hydroxyl group, the fluorinated alcohol
group (preferably a hexafluoroisopropanol group), or the
sulfonic acid group is preferable.

[0196] Examples of the eliminable group that is eliminated
by the action of an acid include groups represented by
Formulae (Y1) to (Y4).

—CRx;)Rx;)(Rx3) Formula (Y1):

—C(=0)OC(Rx%)(Rx,)(Rx3) Formula (Y2):

—C(R36)(R37)(OR3g) Formula (Y3):
—C(Rn)(H)(Ar) Formula (Y4):
[0197] In Formula (Y1) and Formula (Y2), Rx,; to Rx,

each independently represent an (linear or branched) alkyl
group or a (monocyclic or polycyclic) cycloalkyl group.
Furthermore, in a case where all of Rx, to Rx; are each an
(linear or branched) alkyl group, it is preferable that at least
two of Rx,, Rx,, or R; are methyl groups.

[0198] Above all, it is preferable that Rx, to Rx, each
independently represent a linear or branched alkyl group,
and it is more preferable that Rx, to Rx; each independently
represent the linear alkyl group.

[0199] Two of Rx, to Rx; may be bonded to each other to
form a monocycle or a polycycle. As the alkyl group of each
of Rx, to Rx;, an alkyl group having 1 to 4 carbon atoms,
such as a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, and
a t-butyl group, is preferable.
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[0200] As the cycloalkyl group of each of Rx, to Rx,, a
monocyclic cycloalkyl group such as a cyclopentyl group
and a cyclohexyl group, or a polycyclic cycloalkyl group
such as a norbornyl group, a tetracyclodecanyl group, a
tetracyclododecanyl group, and an adamantyl group is pref-
erable.

[0201] As the cycloalkyl group formed by the bonding of
two of Rx, to Rx;, a monocyclic cycloalkyl group such as a
cyclopentyl group and a cyclohexyl group, and a polycyclic
cycloalkyl group such as a norbornyl group, a tetracyclode-
canyl group, a tetracyclododecanyl group, and an adamantyl
group is preferable, and a monocyclic cycloalkyl group
having 5 or 6 carbon atoms is more preferable.

[0202] In the cycloalkyl group formed by the bonding of
two of Rx, to Rx;, for example, one of the methylene groups
constituting the ring may be substituted with a heteroatom
such as an oxygen atom, or a group having a heteroatom,
such as a carbonyl group.

[0203] With regard to the group represented by Formula
(Y1) or Formula (Y2), for example, an aspect in which Rx,
is a methyl group or an ethyl group, and Rx, and Rx; are
bonded to each other to form a cycloalkyl group is prefer-
able.

[0204] In Formula (Y3), R;4 to Rsg each independently
represent a hydrogen atom or a monovalent organic group.
R;, and R;; may be bonded to each other to form a ring.
Examples of the monovalent organic group include an alkyl
group, a cycloalkyl group, an aryl group, an aralkyl group,
and an alkenyl group. It is also preferable that R, is the
hydrogen atom.

[0205] As Formula (Y3), a group represented by Formula
(Y3-1) is preferable.

—'—O—M—Q

L,

(¥3-1)

[0206] Here, L, and L, each independently represent a
hydrogen atom, an alkyl group, a cycloalkyl group, an aryl
group, or a group formed by combination thereof (for
example, a group formed by combination of an alkyl group
and an aryl group).

[0207] M represents a single bond or a divalent linking
group.
[0208] Q represents an alkyl group which may have a

heteroatom, a cycloalkyl group which may have a heteroa-
tom, an aryl group which may have a heteroatom, an amino
group, an ammonium group, a mercapto group, a cyano
group, an aldehyde group, or a group formed by combina-
tion thereof (for example, a group formed by combination of
an alkyl group and a cycloalkyl group).

[0209] In the alkyl group and the cycloalkyl group, for
example, one of the methylene groups may be substituted
with a heteroatom such as an oxygen atom or a group having
a heteroatom, such as a carbonyl group.

[0210] In addition, it is preferable that one of L, or L, is
a hydrogen atom, and the other is an alkyl group, a cycloal-
kyl group, an aryl group, or a group formed by combination
of an alkylene group and an aryl group.

[0211] At least two of Q, M, or Li may be bonded to each
other to form a ring (preferably a 5- or 6-membered ring).
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[0212] From the viewpoint of pattern miniaturization, L.,
is preferably a secondary or tertiary alkyl group, and more
preferably the tertiary alkyl group. Examples of the second-
ary alkyl group include an isopropyl group, a cyclohexyl
group, and a norbornyl group, and examples of the tertiary
alkyl group include a tert-butyl group and an adamantane
ring group. In these aspects, since the glass transition
temperature (Tg) and the activation energy are increased, it
is possible to suppress fogging in addition to ensuring film
hardness.

[0213] In Formula (Y4), Ar represents an aromatic ring
group. Rn represents an alkyl group, a cycloalkyl group, or
an aryl group. Rn and Ar may be bonded to each other to
form a non-aromatic ring. Ar is more preferably the aryl
group.

[0214] As the repeating unit (A-a), a repeating unit rep-
resented by Formula (A) is also preferable.

)

[0215] L, represents a divalent linking group which may
have a fluorine atom or an iodine atom, R, represents a
hydrogen atom, a fluorine atom, an iodine atom, a fluorine
atom, an alkyl group which may have an iodine atom, or an
aryl group which may have a fluorine atom or an iodine
atom, and R, represents an eliminable group that is elimi-
nated by the action of an acid and may have a fluorine atom
or an iodine atom. It should be noted that at least one of L,
R,, or R, has a fluorine atom or an iodine atom.

[0216] L, represents a divalent linking group which may
have a fluorine atom or an iodine atom. Examples of the
divalent linking group which may have a fluorine atom or an
iodine atom include —CO—, —O—, —S—, —SO—,
—S0,—, a hydrocarbon group which may have a fluorine
atom or an iodine atom (for example, an alkylene group, a
cycloalkylene group, an alkenylene group, and an arylene
group), and a linking group formed by the linking of a
plurality of these groups. Among those, L, is preferably
—CO—, -arylene group-alkylene group having fluorine
atom or iodine atom-from the viewpoint that the effect of the
present invention is more excellent.

[0217] As the arylene group, a phenylene group is pref-
erable.
[0218] The alkylene group may be linear or branched. The

number of carbon atoms of the alkylene group is not
particularly limited, but is preferably 1 to 10, and more
preferably 1 to 3.

[0219] The total number of fluorine atoms and iodine
atoms included in the alkylene group having a fluorine atom
or an iodine atom is not particularly limited, but is preferably
2 or more, more preferably 2 to 10, and still more preferably
3 to 6 from the viewpoint that the effect of the present
invention is more excellent.

[0220] R, represents a hydrogen atom, a fluorine atom, an
iodine atom, an alkyl group which may have a fluorine atom
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or an iodine atom, or an aryl group which may have a
fluorine atom or an iodine atom.

[0221] The alkyl group may be linear or branched. The
number of carbon atoms of the alkyl group is not particularly
limited, but is preferably 1 to 10, and more preferably 1 to
3.

[0222] The total number of fluorine atoms and iodine
atoms included in the alkyl group having a fluorine atom or
an iodine atom is not particularly limited, but is preferably
1 or more, more preferably 1 to 5, and still more preferably
1 to 3 from the viewpoint that the effect of the present
invention is more excellent.

[0223] The alkyl group may have a heteroatom such as an
oxygen atom, other than a halogen atom.

[0224] R, represents an eliminable group that is elimi-
nated by the action of an acid and may have a fluorine atom
or an iodine atom.

[0225] Examples of the eliminable group include groups
represented by Formulae (Z1) to (Z4).
—CRx ;)RR )(Rx}3). Formula (Z1):
—C(=0)OC(Rx,;  (Rx5)(RX;3). Formula (Z2):
—C(Ry36)(Ry37)(OR 38)- Formula (Z3):
—C(Rn)H)(Ary) Formula (Z4):

[0226] In Formula (Z1) and Formula (Z2), Rx;; to Rx,;
each independently represent an (linear or branched) alkyl
group which may have a fluorine atom or an iodine atom, or
a (monocyclic or polycyclic) cycloalkyl group which may
have a fluorine atom or an iodine atom. Furthermore, in a
case where all of Rx,; to Rx,; are each an (linear or
branched) alkyl group, it is preferable that at least two of
Rx,;, Rx,,, or Rx,; are methyl groups.

[0227] Rx,, to Rx,; are the same as Rx, to Rx; in Formula
(Y1) and Formula (Y2) described above, respectively,
except that they may have a fluorine atom or an iodine atom,
and have the same definitions and suitable ranges as those of
the alkyl group and the cycloalkyl group.

[0228] In Formula (Z3), R,;4 to R, ;4 each independently
represent a hydrogen atom, or a monovalent organic group
which may have a fluorine atom or an iodine atom. R 5, and
R, ;5 may be bonded to each other to form a ring. Examples
of the monovalent organic group which may have a fluorine
atom or an iodine atom include an alkyl group which may
have a fluorine atom or an iodine atom, a cycloalkyl group
which may have a fluorine atom or an iodine atom, an aryl
group which may have a fluorine atom or an iodine atom, an
aralkyl group which may have a fluorine atom or an iodine
atom, and a group formed by combination thereof (for
example, a group formed by combination of the alkyl group
and the cycloalkyl group).

[0229] Incidentally, the alkyl group, the cycloalkyl group,
the aryl group, and the aralkyl group may include a heteroa-
tom such as an oxygen atom, in addition to the fluorine atom
and the iodine atom. That is, in the alkyl group, the cycloal-
kyl group, the aryl group, and the aralkyl group, for
example, one of the methylene groups may be substituted
with a heteroatom such as an oxygen atom or a group having
a heteroatom, such as a carbonyl group.
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[0230] As Formula (Z3), a group represented by Formula
(Z3-1) is preferable.

(Z3-1)

[0231] Here, L,; and L, each independently represent a
hydrogen atom; an alkyl group which may have a heteroa-
tom selected from the group consisting of a fluorine atom, an
iodine atom, and an oxygen atom; a cycloalkyl group which
may have a heteroatom selected from the group consisting of
a fluorine atom, an iodine atom, and an oxygen atom; an aryl
group which may have a heteroatom selected from the group
consisting of a fluorine atom, an iodine atom, and an oxygen
atom; or a group formed by combination thereof (for
example, a group formed by combination of an alkyl group
and a cycloalkyl group, each of which may have a heteroa-
tom selected from the group consisting of a fluorine atom, an
iodine atom, and an oxygen atom).

[0232] M, represents a single bond or a divalent linking
group.
[0233] Q, represents an alkyl group which may have a

heteroatom selected from the group consisting of a fluorine
atom, an iodine atom, and an oxygen atom; a cycloalkyl
group which may have a heteroatom selected from the group
consisting of a fluorine atom, an iodine atom, and an oxygen
atom; an aryl group which may have a heteroatom selected
from the group consisting of a fluorine atom, an iodine atom,
and an oxygen atom; an amino group; an ammonium group;
a mercapto group; a cyano group; an aldehyde group; a
group formed by combination thereof (for example, a group
formed by combination of the alkyl group and the cycloalkyl
group, each of which may have a heteroatom selected from
the group consisting of a fluorine atom, an iodine atom, and
an oxygen atom).

[0234] In Formula (Z4), An represents an aromatic ring
group which may have a fluorine atom or an iodine atom.
Rn, is an alkyl group which may have a fluorine atom or an
iodine atom, a cycloalkyl group which may have a fluorine
atom or an iodine atom, or an aryl group which may have a
fluorine atom or an iodine atom. Rn; and An may be bonded
to each other to form a non-aromatic ring.

[0235] As the repeating unit (A-a), a repeating unit rep-
resented by General Formula (Al) is also preferable.

(AD)

Rx3

[0236] In General Formula (Al),

[0237] Xa, represents a hydrogen atom, or an alkyl group
which may have a substituent.
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[0238] T represents a single bond or a divalent linking
group.
[0239] Rx, to Rx; each independently represent an (linear

or branched) alkyl group or a (monocyclic or polycyclic)
cycloalkyl group. It should be noted that in a case where all
of Rx; to Rx; are (linear or branched) alkyl groups, it is
preferable that at least two of Rx,, Rx,, or Rx; are methyl
groups.

[0240] Two of Rx, to Rx; may be bonded to each other to
form a (monocyclic or polycyclic) cycloalkyl group.
[0241] Examples of the alkyl group which may have a
substituent, represented by Xa,, include a methyl group and
a group represented by —CH,—R,,. R, represents a halo-
gen atom (a fluorine atom or the like), a hydroxyl group, or
a monovalent organic group, examples thereof include an
alkyl group having 5 or less carbon atoms, which may be
substituted with a halogen atom, an acyl group having 5 or
less carbon atoms, which may be substituted with a halogen
atom, and an alkoxy group having 5 or less carbon atoms,
which may be substituted with a halogen atom; and an alkyl
group having 3 or less carbon atoms is preferable, and a
methyl group is more preferable. Xa, is preferably a hydro-
gen atom, a methyl group, a trifluoromethyl group, or a
hydroxymethyl group.

[0242] Examples of the divalent linking group of T include
an alkylene group, an aromatic ring group, a —COO-Rt-
group, and an —O-Rt- group. In the formulae, Rt represents
an alkylene group or a cycloalkylene group.

[0243] T is preferably the single bond or the —COO-Rt-
group. In a case where T represents the —COO-Rt-group, Rt
is preferably an alkylene group having 1 to 5 carbon atoms,
and more preferably a —CH,— group, a—(CH,),— group,
or a —(CH,);— group.

[0244] As the alkyl group of each of Rx, to Rx;, an alkyl
group having 1 to 4 carbon atoms, such as a methyl group,
an ethyl group, an n-propyl group, an isopropyl group, an
n-butyl group, an isobutyl group, and a t-butyl group, is
preferable.

[0245] As the cycloalkyl group of each of Rx, to Rx,, a
monocyclic cycloalkyl group such as a cyclopentyl group
and a cyclohexyl group, or a polycyclic cycloalkyl group
such as a norbornyl group, a tetracyclodecanyl group, a
tetracyclododecanyl group, and an adamantyl group is pref-
erable.

[0246] As the cycloalkyl group formed by the bonding of
two of Rx, to Rx;, a monocyclic cycloalkyl group such as a
cyclopentyl group and a cyclohexyl group is preferable, and
in addition, a polycyclic cycloalkyl group such as a norbor-
nyl group, a tetracyclodecanyl group, a tetracyclododecanyl
group, and an adamantyl group is also preferable. Among
those, a monocyclic cycloalkyl group having 5 or 6 carbon
atoms is preferable.

[0247] In the cycloalkyl group formed by the bonding of
two of Rx, to Rx;, for example, one of the methylene groups
constituting the ring may be substituted with a heteroatom
such as an oxygen atom, or a group having a heteroatom,
such as a carbonyl group.

[0248] With regard to the repeating unit represented by
General Formula (Al), for example, an aspect in which Rx,
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is a methyl group or an ethyl group, and Rx, and Rx; are
bonded to each other to form the above-mentioned cycloal-
kyl group is preferable.

[0249] In a case where each of the groups has a substitu-
ent, examples of the substituent include an alkyl group
(having 1 to 4 carbon atoms), a halogen atom, a hydroxyl
group, an alkoxy group (having 1 to 4 carbon atoms), a
carboxyl group, and an alkoxycarbonyl group (having 2 to
6 carbon atoms). The substituent preferably has 8 or less
carbon atoms.

[0250] The repeating unit represented by General Formula
(Al) is preferably an acid-decomposable tertiary alkyl
(meth)acrylate ester-based repeating unit (the repeating unit
in which Xa, represents a hydrogen atom or a methyl group,
and T represents a single bond).

[0251] The resin (A) may have one kind of the repeating
unit (A-a) alone or may have two or more kinds thereof.

[0252] A content of the repeating unit (A-a) (a total
content in a case where two or more kinds of the repeating
units (A-a) are present) is preferably 15% to 80% by mole,
and more preferably 20% to 70% by mole with respect to all
repeating units in the resin (A).

[0253] The resin (A) preferably has at least one repeating
unit selected from the group consisting of repeating units
represented by General Formulae (A-VIII) to (A-XII) as the
repeating unit (A-a).

(A-VIIT)

(@]
Rs
(AIX)
*
*
(@] O
Y ~ R
R
(A-X)
Rg
*
*
(@) O
Ry
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(A-XD)
RS k
(6] (6]
Rg
(A-XII)
RS k
(6] (6]
R9+R9
Rig
[0254] In General Formula (A-VIII), RS represents a tert-

butyl group or a —CO—O-(tert-butyl) group.

[0255] In General Formula (A-IX), Rg and R, each inde-
pendently represent a monovalent organic group. Examples
of the monovalent organic group include an alkyl group, a
cycloalkyl group, an aryl group, an aralkyl group, and an
alkenyl group.

[0256] In General Formula (A-X), p represents 1 or 2.
[0257] In General Formulae (A-X) to (A-XII), R, repre-
sents a hydrogen atom or an alkyl group having 1 to 3 carbon
atoms, and R, represents an alkyl group having 1 to 3 carbon
atoms.

[0258] In General Formula (A-XII), R,, represents an
alkyl group having 1 to 3 carbon atoms or an adamantyl
group.

[0259] (Repeating Unit Having Acid Group)

[0260] The resin (A) may have a repeating unit having an
acid group.

[0261] As the repeating unit having an acid group, a

repeating unit represented by General Formula (B) is pref-
erable.

B
R3
R,

Ry
L

A3
Koy (R

[0262] R, represents a hydrogen atom or a monovalent
organic group which may have a fluorine atom or an iodine
atom. The monovalent organic group which may have a
fluorine atom or an iodine atom is preferably a group
represented by -L,-Rg. L, represents a single bond or an
ester group. Ry is an alkyl group which may have a fluorine
atom or an iodine atom, a cycloalkyl group which may have
a fluorine atom or an iodine atom, an aryl group which may
have a fluorine atom or an iodine atom, or a group formed
by combination thereof.

15
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[0263] R,and R, each independently represent a hydrogen
atom, a fluorine atom, an iodine atom, or an alkyl group
which may have a fluorine atom or an iodine atom.

[0264] L, represents a single bond or an ester group.
[0265] L, represents an (n+m+1)-valent aromatic hydro-
carbon ring group or an (n+m+1)-valent alicyclic hydrocar-
bon ring group. Examples of the aromatic hydrocarbon ring
group include a benzene ring group and a naphthalene ring
group. The alicyclic hydrocarbon ring group may be either
a monocycle or a polycycle, and examples thereof include a
cycloalkyl ring group.

[0266] R, represents a hydroxyl group or a fluorinated
alcohol group (preferably a hexafluoroisopropanol group).
Furthermore, in a case where R is a hydroxyl group, L; is
preferably the (n+m+1)-valent aromatic hydrocarbon ring
group.

[0267] R, represents a halogen atom. Examples of the
halogen atom include a fluorine atom, a chlorine atom, a
bromine atom, or an iodine atom.

[0268] m represents an integer of 1 or more. m is prefer-
ably an integer of 1 to 3 and more preferably an integer of
1or2.

[0269] n represents O or an integer of 1 or more. n is
preferably an integer of 1 to 4.

[0270] Furthermore, (n+m+1) is preferably an integer of 1
to 5.
[0271] As the repeating unit having an acid group, a

repeating unit represented by General Formula (I) is also
preferable.

@

I|{41 I|{43
Ryz )|<4
Ly
|
1|\I4
(OH),
[0272] In General Formula (1),
[0273] R,;, R,,, and R,; each independently represent a

hydrogen atom, an alkyl group, a cycloalkyl group, a halo-
gen atom, a cyano group, or an alkoxycarbonyl group. It
should be noted that R,, may be bonded to Ar, to form a
ring, in which case R,, represents a single bond or an
alkylene group.

[0274] X, represents a single bond, —COO—, or
—CONRg,—, and R, represents a hydrogen atom or an
alkyl group.

[0275] L, represents a single bond or an alkylene group.
[0276] Ar,represents an (n+1)-valent aromatic ring group,
and in a case where Ar, is bonded to R, to form a ring, Ar,
represents an (n+2)-valent aromatic ring group.

[0277] n represents an integer of 1 to 5.

[0278] As the alkyl group represented by each of R,;, R.,5,
and R,; in General Formula (I), an alkyl group having 20 or
less carbon atoms, such as a methyl group, an ethyl group,
a propyl group, an isopropyl group, an n-butyl group, a
sec-butyl group, a hexyl group, a 2-ethylhexyl group, an
octyl group, and a dodecyl group is preferable, an alkyl
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group having 8 or less carbon atoms is more preferable, and
an alkyl group having 3 or less carbon atoms is still more
preferable.

[0279] The cycloalkyl group of each of R,,;, R,,, and R 5
in General Formula (I) may be monocyclic or polycyclic.
Among those, a monocyclic cycloalkyl group having 3 to 8
carbon atoms, such as a cyclopropyl group, a cyclopentyl
group, and a cyclohexyl group, is preferable.

[0280] Examples of the halogen atom of each of R, R,,,
and R,; in General Formula (I) include a fluorine atom, a
chlorine atom, a bromine atom, and an iodine atom, and the
fluorine atom is preferable.

[0281] As the alkyl group included in the alkoxycarbonyl
group of each of R,;, R,,, and R, in General Formula (I),
the same ones as the alkyl group in each of R,;, R,,and R ;5
are preferable.

[0282] Ar, represents an (n+1)-valent aromatic ring group.
The divalent aromatic ring group in a case where n is 1 may
have a substituent, and is preferably for example, an arylene
group having 6 to 18 carbon atoms, such as a phenylene
group, a tolylene group, a naphthylene group, and an anthra-
cenylene group, or an aromatic ring group including a
heterocyclic ring such as a thiophene ring, a furan ring, a
pyrrole ring, a benzothiophene ring, a benzofuran ring, a
benzopyrrole ring, a triazine ring, an imidazole ring, a
benzimidazole ring, a triazole ring, a thiadiazole ring, and a
thiazole ring.

[0283] Specific examples of the (n+l)-valent aromatic
ring group in a case where n is an integer of 2 or more
include groups formed by removing any (n-1) hydrogen
atoms from the above-described specific examples of the
divalent aromatic ring group. The (n+1)-valent aromatic ring
group may further have a substituent.

[0284] Examples of the substituent which can be con-
tained in the alkyl group, the cycloalkyl group, the alkoxy-
carbonyl group, the alkylene group, and the (n+1)-valent
aromatic ring group, each mentioned above, include the
alkyl groups; the alkoxy groups such as a methoxy group, an
ethoxy group, a hydroxyethoxy group, a propoxy group, a
hydroxypropoxy group, and a butoxy group; the aryl groups
such as a phenyl group; and the like, as mentioned for each
of R,,, R,,, and R,; in General Formula (I).

[0285] Examples of the alkyl group of Ry, in
—CONR,— represented by X, (Rg, represents a hydrogen
atom or an alkyl group) include an alkyl group having 20 or
less carbon atoms, such as a methyl group, an ethyl group,
a propyl group, an isopropyl group, an n-butyl group, a
sec-butyl group, a hexyl group, a 2-ethylhexyl group, an
octyl group, and a dodecyl group, and an alkyl group having
8 or less carbon atoms, is preferable.

[0286] As X, a single bond, —COO—, or —CONH— is
preferable, and the single bond or —COO— is more pref-
erable.

[0287] As the alkylene group in L,, an alkylene group
having 1 to 8 carbon atoms, such as a methylene group, an
ethylene group, a propylene group, a butylene group, a
hexylene group, and an octylene group, is preferable.

[0288] As Ar,, an aromatic ring group having 6 to 18
carbon atoms is preferable, and a benzene ring group, a
naphthalene ring group, and a biphenylene ring group are
more preferable.
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[0289] Specific examples of the repeating unit represented
by General Formula (I) will be shown below, but the present
invention is not limited thereto. In the formulae, a represents
1or2.

B-1

“ |
AN
\(OH)s
(B-2)
AN
——(OH)3
=
(B-3)
(OH)3
(B-4)
AN
——(OH);
=
(B-5)
Aig
(OH);
(B-6)
] AN
——(OH);
P
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(B-14)

(B-15)

(B-16)
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(B-18)
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(B-20)
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[0290] (Repeating Unit Derived from Hydroxystyrene
(A-1))
[0291] The resin (A) preferably has a repeating unit (A-1)
derived from hydroxystyrene as the repeating unit having an
acid group.
[0292] Examples of the repeating unit (A-1) derived from

hydroxystyrene include a repeating unit represented by
General Formula (1).

M

oR)  (OH),
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[0293] In General Formula (1),

[0294] A represents a hydrogen atom, an alkyl group, a
cycloalkyl group, a halogen atom, or a cyano group.
[0295] R represents a halogen atom, an alkyl group, a
cycloalkyl group, an aryl group, an alkenyl group, an aralkyl
group, an alkoxy group, an alkylcarbonyloxy group, an
alkylsulfonyloxy group, an alkyloxycarbonyl group, or an
aryloxycarbonyl group, and in a case where a plurality of R's
are present, R's may be the same as or different from each
other. In a case where there are a plurality of R's, R's may
be bonded to each other to form a ring. As R, the hydrogen
atom is preferable.

[0296] a represents an integer of 1 to 3, and b represents
an integer of 0 to (5-a).

[0297] As the repeating unit (A-1), a repeating unit rep-
resented by General Formula (A-I) is preferable.

A1

OH

[0298] The composition containing the resin (A) having
the repeating unit (A-1) is preferable for KrF exposure, EB
exposure, or EUV exposure. A content of the repeating unit
(A-1) in such a case is preferably 30% to 100% by mole,
more preferably 40% to 100% by mole, and still more
preferably 50% to 100% by mole with respect to all repeat-
ing units in the resin (A).

[0299] (Repeating unit (A-2) Having at L.east One selected
from Group Consisting of Lactone Structure, Sultone Struc-
ture, Carbonate Structure, and Hydroxyadamantane Struc-
ture)

[0300] The resin (A) may have a repeating unit (A-2)
having at least one selected from the group consisting of a
lactone structure, a carbonate structure, a sultone structure,
and a hydroxyadamantane structure.

[0301] The lactone structure or the sultone structure in a
repeating unit having the lactone structure or the sultone
structure is not particularly limited, but is preferably a 5- to
7-membered ring lactone structure or a 5- to 7-membered
ring sultone structure, and more preferably a 5- to 7-mem-
bered ring lactone structure to which another ring structure
is fused to form a bicyclo structure or a spiro structure, or a
5- to 7-membered ring sultone structure to which another
ring structure is fused so as to form a bicyclo structure or a
spiro structure.

[0302] Examples of the repeating unit having the lactone
structure or the sultone structure include the repeating units
described in paragraphs [0094] to [0107] of WO2016/
136354A.

[0303] The resin (A) may have a repeating unit having a
carbonate structure. The carbonate structure is preferably a
cyclic carbonic acid ester structure.

[0304] Examples of the repeating unit having a carbonate
structure include the repeating unit described in paragraphs
[0106] to [0108] of WO2019/054311A.
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[0305] The resin (A) may have a repeating unit having a
hydroxyadamantane structure. Examples of the repeating
unit having a hydroxyadamantane structure include a repeat-
ing unit represented by General Formula (Alla).

(Alla)

Rye

[0306] In General Formula (Alla), R,c represents a hydro-
gen atom, a methyl group, a trifluoromethyl group, or a
hydroxymethyl group. R,c to R,c each independently rep-
resent a hydrogen atom or a hydroxyl group. It should be
noted that at least one of R,c, or R,c represents a hydroxyl
group. It is preferable that one or two of R,c to R c are
hydroxyl groups, and the rest are hydrogen atoms.

[0307] (Repeating Unit Having Fluorine Atom or lodine
Atom)
[0308] The resin (A) may have a repeating unit having a

fluorine atom or an iodine atom.

[0309] Examples of the repeating unit having a fluorine
atom or an iodine atom include the repeating units described
in paragraphs [0080] and [0081] of JP2019-045864A.

[0310] (Repeating Unit Having Photoacid Generating
Group)
[0311] The resin (A) may have, as a repeating unit other

than those above, a repeating unit having a group that
generates an acid upon irradiation with radiation.

[0312] Examples of the repeating unit having a fluorine
atom or an iodine atom include the repeating units described
in paragraphs [0092] to [0096] of JP2019-045864A.
[0313] (Repeating Unit Having Alkali-Soluble Group)
[0314] The resin (A) may have a repeating unit having an
alkali-soluble group.

[0315] Examples of the alkali-soluble group include a
carboxyl group, a sulfonamide group, a sulfonylimide
group, a bissulfonylimide group, or an aliphatic alcohol
group (for example, a hexafluoroisopropanol group) in
which the a-position is substituted with an electron-with-
drawing group, and the carboxyl group is preferable. By
allowing the resin (A) to have a repeating unit having an
alkali-soluble group, the resolution for use in contact holes
increases.

[0316] Examples of the repeating unit having an alkali-
soluble group include a repeating unit in which an alkali-
soluble group is directly bonded to the main chain of a resin
such as a repeating unit with acrylic acid and methacrylic
acid, or a repeating unit in which an alkali-soluble group is
bonded to the main chain of the resin through a linking
group. Further, the linking group may have a monocyclic or
polycyclic cyclic hydrocarbon structure.

[0317] The repeating unit having an alkali-soluble group is
preferably a repeating unit with acrylic acid or methacrylic
acid.

[0318] (Repeating Unit Having Neither Acid-Decompos-
able Group Nor Polar Group)

[0319] The resin (A) may further have a repeating unit
having neither an acid-decomposable group nor a polar
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group. The repeating unit having neither an acid-decompos-
able group nor a polar group preferably has an alicyclic
hydrocarbon structure.

[0320] Examples of the repeating unit having neither an
acid-decomposable group nor a polar group include the
repeating units described in paragraphs [0236] and [0237] of
the specification of US2016/0026083A and the repeating
units described in paragraph [0433] of the specification of
US2016/0070167A.

[0321] The resin (A) may have a variety of repeating
structural units, in addition to the repeating structural units
described above, for the purpose of adjusting dry etching
resistance, suitability for a standard developer, adhesiveness
to a substrate, a resist profile, resolving power, heat resis-
tance, sensitivity, and the like.

[0322] (Characteristics of Resin (A))

[0323] In the resin (A), all repeating units are preferably
composed of repeating units derived from a (meth)acrylate-
based monomer. In this case, any of a resin in which all
repeating units are derived from a methacrylate-based
monomer, a resin in which all repeating units are derived
from an acrylate-based monomer, and a resin in which all
repeating units are derived from a methacrylate-based
monomer and an acrylate-based monomer may be used. The
repeating units derived from the acrylate-based monomer
are preferably 50% by mole or less with respect to all
repeating units in the resin (A).

[0324] In a case where the composition is for argon
fluoride (ArF) exposure, it is preferable that the resin (A)
does not substantially have an aromatic group from the
viewpoint of the transmittance of ArF light. More specifi-
cally, the repeating unit having an aromatic group is pref-
erably 5% by mole or less, more preferably 3% by mole or
less, and ideally 0% by mole with respect to all repeating
units in the resin (A), that is, it is still more preferable that
the repeating unit having an aromatic group is not included.

[0325] In addition, in a case where the composition is for
ArF exposure, the resin (A) preferably has a monocyclic or
polyeyclic alicyclic hydrocarbon structure, and preferably
does not include either a fluorine atom or a silicon atom.

[0326] In a case where the composition is for krypton
difluoride (KrF) exposure, EB exposure, or EUV exposure,
the resin (A) preferably has a repeating unit having an
aromatic hydrocarbon group, and more preferably has a
repeating unit having a phenolic hydroxyl group.

[0327] Examples of the repeating unit having a phenolic
hydroxyl group include a repeating unit derived from
hydroxystyrene (A-1) and a repeating unit derived from
hydroxystyrene (meth)acrylate.

[0328] In addition, in a case where the composition is for
KrF exposure, EB exposure, or EUV exposure, it is also
preferable that the resin (A) has a repeating unit having a
structure in which a hydrogen atom of the phenolic hydroxyl
group is protected by a group (eliminable group) that is
eliminable through decomposition by the action of an acid.

[0329] In a case where the composition is for KrF expo-
sure, EB exposure, or EUV exposure, a content of the
repeating unit having an aromatic hydrocarbon group
included in the resin (A) is preferably 30% to 100% by mole,
more preferably 40% to 100% by mole, and still more
preferably 50% to 100% by mole, with respect to all
repeating units in the resin (A).
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[0330] The resin (A) can be synthesized in accordance
with an ordinary method (for example, radical polymeriza-
tion).

[0331] The weight-average molecular weight (Mw) of the
resin (A) is preferably 1,000 to 200,000, more preferably
3,000 to 20,000, and still more preferably 5,000 to 15,000.
By setting the weight-average molecular weight (Mw) of the
resin (A) to 1,000 to 200,000, it is possible to prevent
deterioration of heat resistance and dry etching resistance,
and it is also possible to prevent deterioration of the film
forming property due to deterioration of developability and
an increase in viscosity. Incidentally, the weight-average
molecular weight (Mw) of the resin (A) is a value expressed
in terms of polystyrene as measured by the above-mentioned
GPC method.

[0332] The dispersity (molecular weight distribution) of
the resin (A) is usually 1 to 5, preferably 1 to 3, and more
preferably 1.1 to 2.0. The smaller the dispersity, the better
the resolution and the resist shape, and the smoother the side
wall of a pattern, the more excellent the roughness.

[0333] In the composition of the embodiment of the pres-
ent invention, the content of the resin (A) is preferably 50%
to 99.9% by mass, and more preferably 60% to 99.0% by
mass with respect to the total solid content of the compo-
sition.

[0334] In addition, the resin (A) may be used alone or in
combination of two or more kinds thereof.

[0335] Furthermore, in the present specification, the solid
content means a component that can form a resist film
excluding the solvent. Even in a case where the properties of
the components are liquid, they are treated as solid contents.
[0336] <Photoacid Generator (P)>

[0337] The composition of the embodiment of the present
invention contains a photoacid generator (P). The photoacid
generator (P) is not particularly limited as long as it is a
compound that generates an acid upon irradiation with
radiation.

[0338] The photoacid generator (P) may be in a form of a
low-molecular-weight compound or a form incorporated
into a part of a polymer. Furthermore, a combination of the
form of a low-molecular-weight compound and the form
incorporated into a part of a polymer may also be used.
[0339] Ina case where the photoacid generator (P) is in the
form of the low-molecular-weight compound, the weight-
average molecular weight (Mw) is preferably 3,000 or less,
more preferably 2,000 or less, and still more preferably
1,000 or less.

[0340] Ina case where the photoacid generator (P) is in the
form incorporated into a part of a polymer, it may be
incorporated into the resin (A) or into a resin that is different
from the resin (A).

[0341] In the present invention, the photoacid generator
(P) is preferably in the form of a low-molecular-weight
compound.

[0342] The photoacid generator (P) is not particularly
limited as long as it is a known one, but a compound that
generates an organic acid upon irradiation with radiation is
preferable, and a photoacid generator having a fluorine atom
or an iodine atom in the molecule is more preferable.
[0343] Examples of the organic acid include sulfonic acids
(an aliphatic sulfonic acid, an aromatic sulfonic acid, and a
camphor sulfonic acid), carboxylic acids (an aliphatic car-
boxylic acid, an aromatic carboxylic acid, and an aralkyl-
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carboxylic acid), a carbonylsulfonylimide acid, a bis(al-
kylsulfonyl)imide acid, and a tris(alkylsulfonyl)methide
acid.

[0344] The volume of an acid generated from the pho-
toacid generator (P) is not particularly limited, but from the
viewpoint of suppression of diffusion of an acid generated to
the unexposed area upon exposure and improvement of the
resolution, the volume is preferably 240 A® or more, more
preferably 305 A® or more, and still more preferably 350 A>
or more, and particularly preferably 400 A® or more. Inci-
dentally, from the viewpoint of the sensitivity or the solu-
bility in an application solvent, the volume of the acid
generated from the photoacid generator (P) is preferably
1,500 A3 or less, more preferably 1,000 A® or less, and still
more preferably 700 A> or less.

[0345] The value of the volume is obtained using “Win-
MOPAC” manufactured by Fujitsu Limited. For the com-
putation of the value of the volume, first, the chemical
structure of the acid according to each example is input,
next, using this structure as the initial structure, the most
stable conformation of each acid is determined by molecular
force field computation using a Molecular Mechanics (MM)
3 method, and thereafter, with respect to the most stable
conformation, molecular orbital computation using a param-
eterized model number (PM) 3 method is performed,
whereby the “accessible volume” of each acid can be
computed.

[0346] The structure of an acid generated from the pho-
toacid generator (P) is not particularly limited, but from the
viewpoint that the diffusion of the acid is suppressed and the
resolution is improved, it is preferable that the interaction
between the acid generated from the photoacid generator (P)
and the resin (A) is strong. From this viewpoint, in a case
where the acid generated from the photoacid generator (P) is
an organic acid, it is preferable that a polar group is further
contained, in addition to an organic acid group such as a
sulfonic acid group, a carboxylic acid group, a carbo-
nylsulfonylimide acid group, a bissulfonylimide acid group,
and a trissulfonylmethide acid group.

[0347] Examples of the polar group include an ether
group, an ester group, an amide group, an acyl group, a sulfo
group, a sulfonyloxy group, a sulfonamide group, a thioether
group, a thioester group, a urea group, a carbonate group, a
carbamate group, a hydroxyl group, and a mercapto group.
[0348] The number of the polar groups contained in the
acid generated is not particularly limited, and is preferably
1 or more, and more preferably 2 or more. It should be noted
that from the viewpoint that excessive development is
suppressed, the number of the polar groups is preferably less
than 6, and more preferably less than 4.

[0349] Among those, the photoacid generator (P) is pref-
erably a photoacid generator consisting of an anionic moiety
and a cationic moiety from the viewpoint that the effect of
the present invention is more excellent.

[0350] Examples of the photoacid generator (P) include
the photoacid generators described in paragraphs [0144] to
[0173] of JP2019-045864A.

[0351] The content of the photoacid generator (P) is not
particularly limited, but from the viewpoint that the effect of
the present invention is more excellent, the content is
preferably 5% to 50% by mass, more preferably 10% to 40%
by mass, and still more preferably 10% to 35% by mass with
respect to the total solid content of the composition.
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[0352] The photoacid generators (P) may be used alone or
in combination of two or more kinds thereof. In a case where
two or more kinds of the photoacid generators (P) are used
in combination, the total amount thereof is preferably within
the range.

[0353] <Acid Diffusion Control Agent (Q)>

[0354] The composition of the embodiment of the present
invention may contain an acid diffusion control agent (Q).

[0355] The acid diffusion control agent (QQ) acts as a
quencher that suppresses a reaction of an acid-decomposable
resin in the unexposed area by excessive generated acids by
trapping the acids generated from a photoacid generator (P)
and the like upon exposure. For example, a basic compound
(DA), a basic compound (DB) having basicity reduced or
lost upon irradiation with radiation, an onium salt (DC)
which is a relatively weak acid with respect to the photoacid
generator (P), a low-molecular-weight compound (DD) hav-
ing a nitrogen atom, and a group that is eliminated by the
action of an acid, an onium salt compound (DE) having a
nitrogen atom in the cationic moiety, can be used as the acid
diffusion control agent (Q).

[0356] In the composition of the embodiment of the pres-
ent invention, a known acid diffusion control agent can be
appropriately used. For example, the known compounds
disclosed in paragraphs [0627] to [0664] of the specification
of US2016/0070167A, paragraphs [0095] to [0187] of the
specification of US2015/0004544A, paragraphs [0403] to
[0423] of the specification of US2016/0237190A, and para-
graphs [0259] to [0328] of the specification of US2016/
0274458A can be suitably used as the acid diffusion control
agent (Q).

[0357] Examples of the basic compound (DA) include the
repeating units described in paragraphs [0188] to [0208] of
JP2019-045864A.

[0358] In the composition of the embodiment of the pres-
ent invention, the onium salt (DC) which is a relatively weak
acid with respect to the photoacid generator (P) can be used
as the acid diffusion control agent (Q).

[0359] In a case where the photoacid generator (P) and the
onium salt that generates an acid which is a relatively weak
acid with respect to an acid generated from the photoacid
generator (P) are mixed and used, an acid generated from the
photoacid generator (P) upon irradiation with actinic rays or
radiation produces an onium salt having a strong acid anion
by discharging the weak acid through salt exchange in a case
where the acid collides with an onium salt having an
unreacted weak acid anion. In this process, the strong acid
is exchanged with a weak acid having a lower catalytic
ability, and thus, the acid is apparently deactivated and the
acid diffusion can be controlled.

[0360] Examples of the onium salt that is relatively weak
acid with respect to the photoacid generator (P) include the
onium salts described in paragraphs [0226] to [0233] of
JP2019-070676A.

[0361] Ina case where the composition of the embodiment
of the present invention includes an acid diffusion control
agent (Q), a content of the acid diffusion control agent (Q)
(a total content in a case where a plurality of kinds of the
acid diffusion control agents are present) is preferably 0.1%
to 10.0% by mass, and more preferably 0.1% to 5.0% by
mass, with respect to the total solid content of the compo-
sition.
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[0362] In the composition of the embodiment of the pres-
ent invention, the acid diffusion control agents (Q) may be
used alone or in combination of two or more kinds thereof.
[0363] <Hydrophobic Resin (E)>

[0364] The composition of the embodiment of the present
invention may contain a hydrophobic resin different from
the resin (A), in addition to the resin (A), as the hydrophobic
resin (E).

[0365] Although it is preferable that the hydrophobic resin
(E) is designed to be unevenly distributed on a surface of the
resist film, it does not necessarily need to have a hydrophilic
group in the molecule as different from the surfactant, and
does not need to contribute to uniform mixing of polar
materials and non-polar materials.

[0366] Examples of the effect of addition of the hydro-
phobic resin (E) include a control of static and dynamic
contact angles of a surface of the resist film with respect to
water and suppression of out gas.

[0367] The hydrophobic resin (E) preferably has any one
or more of a “fluorine atom”, a “silicon atom”, and a “CH,
partial structure which is contained in a side chain moiety of
a resin” from the viewpoint of uneven distribution on the
film surface layer, and more preferably has two or more
kinds thereof. Incidentally, the hydrophobic resin (E) pref-
erably has a hydrocarbon group having 5 or more carbon
atoms. These groups may be contained in the main chain of
the resin or may be substituted in a side chain.

[0368] In a case where hydrophobic resin (E) includes a
fluorine atom and/or a silicon atom, the fluorine atom and/or
the silicon atom in the hydrophobic resin may be included in
the main chain or a side chain of the resin.

[0369] In a case where the hydrophobic resin (E) contains
a fluorine atom, as a partial structure having a fluorine atom,
an alkyl group having a fluorine atom, a cycloalkyl group
having a fluorine atom, or an aryl group having a fluorine
atom is preferable.

[0370] The alkyl group having a fluorine atom (preferably
having 1 to 10 carbon atoms, and more preferably having 1
to 4 carbon atoms) is a linear or branched alkyl group in
which at least one hydrogen atom is substituted with a
fluorine atom, and the alkyl group may further have a
substituent other than a fluorine atom.

[0371] The cycloalkyl group having a fluorine atom is a
monocyclic or polycyclic cycloalkyl group in which at least
one hydrogen atom is substituted with a fluorine atom, and
may further have a substituent other than a fluorine atom.
[0372] Examples of the aryl group having a fluorine atom
include an aryl group such as a phenyl group and a naphthyl
group, in which at least one hydrogen atom is substituted
with a fluorine atom, and the aryl group may further have a
substituent other than a fluorine atom.

[0373] Examples of the repeating unit having a fluorine
atom or a silicon atom include those exemplified in para-
graph [0519] of US2012/0251948A.

[0374] Furthermore, as described above, it is also prefer-
able that the hydrophobic resin (E) contains a CH; partial
structure in a side chain moiety.

[0375] Here, the CH, partial structure contained in the side
chain moiety in the hydrophobic resin includes a CHj partial
structure contained in an ethyl group, a propy!l group, and the
like.

[0376] On the other hand, a methyl group bonded directly
to the main chain of the hydrophobic resin (E) (for example,
an a-methyl group in the repeating unit having a methacrylic
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acid structure) makes only a small contribution of uneven
distribution on the surface of the hydrophobic resin (E) due
to the effect of the main chain, and it is therefore not
included in the CH; partial structure in the present invention.
[0377] With regard to the hydrophobic resin (E), reference
can be made to the description in paragraphs [0348] to
[0415] of IP2014-010245 A, the contents of which are incor-
porated herein by reference.

[0378] Furthermore, the resins described in JP2011-
248019A, JP2010-175859A, and JP2012-032544A can also
be preferably used as the hydrophobic resin (E).

[0379] Ina case where the composition of the embodiment
of the present invention contains the hydrophobic resin (E),
a content of the hydrophobic resin (E) is preferably 0.01%
to 20% by mass, and more preferably 0.1% to 15% by mass
with respect to the total solid content of the composition.
[0380] <Solvent (F)>

[0381] The composition of the embodiment of the present
invention may contain a solvent (F).

[0382] Ina case where the composition of the embodiment
of the present invention is a radiation-sensitive resin com-
position for EUV, it is preferable that the solvent (F) contains
at least one solvent of (M1) propylene glycol monoalkyl
ether carboxylate or (M2) at least one selected from the
group consisting of a propylene glycol monoalkyl ether, a
lactic acid ester, an acetic acid ester, an alkoxypropionic acid
ester, a chain ketone, a cyclic ketone, a lactone, and an
alkylene carbonate as the solvent. The solvent in this case
may further contain components other than the components
(M1) and (M2).

[0383] The solvent containing the components (M1) and
(M2) is preferable since a use of the solvent in combination
with the above-mentioned resin (A) makes it possible to
form a pattern having a small number of development
defects can be formed while improving the coating property
of the composition.

[0384] Ina case where the composition of the embodiment
of the present invention is a radiation-sensitive resin com-
position for ArF, examples of the solvent (F) include organic
solvents such as alkylene glycol monoalkyl ether carboxy-
late, alkylene glycol monoalkyl ether, alkyl lactate ester,
alkyl alkoxypropionate, a cyclic lactone (preferably having
4 to 10 carbon atoms), a monoketone compound (preferably
having 4 to 10 carbon atoms) which may contain a ring,
alkylene carbonate, alkyl alkoxyacetate, and alkyl pyruvate.
[0385] A content of the solvent (F) in the composition of
the embodiment of the present invention is preferably set so
that the concentration of solid contents is 0.5% to 40% by
mass.

[0386] Among those, the concentration of solid contents is
preferably 10% by mass or more from the viewpoint that the
effect of the present invention is more excellent.

[0387] <Surfactant (H)>

[0388] The composition of the embodiment of the present
invention may contain a surfactant (H). By incorporation of
the surfactant (H), it is possible to form a pattern having
more excellent adhesiveness and fewer development
defects.

[0389] As the surfactant (H), fluorine-based and/or sili-
con-based surfactants are preferable.

[0390] Examples of the fluorine-based and/or silicon-
based surfactants include the surfactants described in para-
graph [0276] of the specification of US2008/0248425A. In
addition, EFTOP EF301 or EF303 (manufactured by Shin-
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Akita Chemical Co., Ltd.); FLUORAD FC430, 431, or 4430
(manufactured by Sumitomo 3M Inc.); MEGAFACE F171,
F173, F176, F189, F113, F110, F177, F120, or RO8 (manu-
factured by DIC Corporation); SURFLON S-382, SC101,
102, 103, 104, 105, or 106 (manufactured by Asahi Glass
Co., Ltd.); TROYSOL S-366 (manufactured by Troy Cor-
poration); GF-300 or GF-150 (manufactured by Toagosei
Co., Ltd.); SURFLON 8-393 (manufactured by AGC Seimi
Chemical Co., Ltd.); EFTOP EF121, EF122A, EF122B,
RF122C, EF125M, EF135M, EF351, EF352, EF801,
EF802, or EF601 (manufactured by JEMCO Inc.); PF636,
PF656, PF6320, or PF6520 (manufactured by OMNOVA
Solutions Inc.); KH-20 (manufactured by Asahi Kasei Cor-
poration); or FTX-204G, 208G, 218G, 230G, 204D, 208D,
212D, 218D, or 222D (manufactured by NEOS COMPANY
LIMITED) may be used. In addition, a polysiloxane poly-
mer, KP-341 (manufactured by Shin-Etsu Chemical Co.,
Ltd.), can also be used as the silicon-based surfactant.

[0391] Moreover, the surfactant (H) may be synthesized
using a fluoroaliphatic compound manufactured using a
telomerization method (also referred to as a telomer method)
or an oligomerization method (also referred to as an oli-
gomer method), in addition to the known surfactants as
shown above. Specifically, a polymer including a fluoroali-
phatic group derived from fluoroaliphatic compound may be
used as the surfactant (H). This fluoroaliphatic compound
can be synthesized, for example, by the method described in
JP2002-90991A.

[0392] As the polymer having a fluoroaliphatic group, a
copolymer of a monomer having a fluoroaliphatic group and
(poly(oxyalkylene))acrylate (poly(oxyalkylene))
methacrylate is preferable, and the polymer may be
unevenly distributed or block-copolymerized. Furthermore,
examples of the poly(oxyalkylene) group include a poly
(oxyethylene) group, a poly(oxypropylene) group, and a
poly(oxybutylene) group, and the group may also be a unit
such as those having alkylenes having different chain
lengths within the same chain length such as poly(block-
linked oxyethylene, oxypropylene, and oxyethylene) and
poly(block-linked oxyethylene and oxypropylene). In addi-
tion, the copolymer of a monomer having a fluoroaliphatic
group and (poly(oxyalkylene))acrylate (or methacrylate) is
not limited only to a binary copolymer but may also be a
ternary or higher copolymer obtained by simultaneously
copolymerizing monomers having two or more different
fluoroaliphatic groups or two or more different (poly(oxy-
alkylene)) acrylates (or methacrylates).

[0393] Examples of a commercially available surfactant
thereof include MEGAFACE F-178, F-470, F-473, F-475,
F-476, and F-472 (manufactured by DIC Corporation), a
copolymer of acrylate (or methacrylate) having a C.F,;
group and (poly(oxyalkylene))acrylate (or methacrylate),
and a copolymer of acrylate (or methacrylate) having a C;F,
group, (poly(oxyethylene))acrylate (or methacrylate), and
(poly(oxypropylene))acrylate (or methacrylate).

[0394] In addition, a surfactant other than the fluorine-
based surfactant and/or the silicon-based surfactants
described in paragraph [0280] of the specification of
US2008/0248425A may be used.

and/or
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[0395] These surfactants (H) may be used alone or in
combination of two or more kinds thereof.

[0396] The content of the surfactant (H) is preferably
0.0001% to 2% by mass and more preferably 0.0005% to 1%
by mass with respect to the total solid content of the
composition.

[0397] <Other Additives>

[0398] The composition of the embodiment of the present
invention may further contain a crosslinking agent, an
alkali-soluble resin, a dissolution inhibiting compound, a
dye, a plasticizer, a photosensitizer, a light absorber, and/or
a compound that accelerates solubility in a developer.

EXAMPLES

[0399] Hereinbelow, the present invention will be
described in more detail with reference to Examples. The
materials, the amounts of materials used, the proportions,
the treatment details, the treatment procedure, and the like
shown in Examples below may be modified as appropriate
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as long as the modifications do not depart from the spirit of
the present invention. Therefore, the scope of the present
invention should not be construed as being limited to
Examples shown below.

[0400] <Synthesis of Resin (A)>

[0401] In Examples and Comparative Examples, resins
A-1 to A-51 exemplified below were used as the resin (A).
As the resins A-1 to A-51, those synthesized based on known
techniques were used.

[0402] The compositional ratio (molar ratio; correspond-
ing in order from the left), the weight-average molecular
weight (Mw), and the dispersity (Mw/Mn) of each repeating
unit in the resin (A) are shown in Table 3.

[0403] Furthermore, the weight-average molecular weight
(Mw) and the dispersity (Mw/Mn) of the resins A-1 to A-51
are value expressed in terms of polystyrenes, as measured by
the above-mentioned GPC method (carrier: tetrahydrofuran
(THF)). In addition, the compositional ratio (ratio based on
% by mole) of the repeating unit in the resin was measured
by *C-nuclear magnetic resonance (NMR).

TABLE 3
Resin Molar ratio of repeating units Mw Mw/Mn
A-l 64 18 18 21,000 1.5
A2 62 13 20 5 13,000 1.3
A-3 75 20 5 10,000 14
A4 40 18 42 28,000 1.9
A-5 70 25 5 7,000 1.7
A-6 53 12 35 15,000 1.6
AT 70 12 18 17,000 1.6
A-8 60 20 20 12,000 2.8
A9 75 25 21,000 1.3
A-10 75 25 21,000 1.3
A-11 65 25 10 21,000 1.3
A-12 68 25 7 21,000 1.9
A-13 65 25 10 21,000 14
A-14 55 35 10 21,000 14
A-15 65 25 10 21,000 1.3
A-16 65 25 10 21,000 1.3
A-17 65 25 10 21,000 1.3
A-18 40 50 10 13,000 14
A-19 45 55 18,000 1.7
A-20 20 10 40 30 10,500 1.6
A-21 40 40 20 8,000 1.6
A-22 40 40 10 10 13,500 1.7
A-23 50 50 10,000 1.6
A-24 35 45 20 9,000 1.7
A-25 50 10 40 7,500 1.6
A-26 50 50 8,600 1.6
A-27 45 15 5 35 7,600 1.6
A28 20 15 55 10 8,300 1.7
A-29 35 15 25 25 10,000 1.7
A-30 50 25 25 9,000 1.8
A-31 40 10 35 5 10 10,000 1.7
A-32 40 60 8,000 1.6
A-33 30 60 10 8,600 1.5
A-34 25 25 50 9,000 1.8
A-35 30 50 20 8,000 1.6
A-36 40 35 25 8,000 1.5
A-37 30 10 50 10 6,000 1.5
A-38 10 30 40 20 8,000 1.7
A-39 35 40 25 12,000 1.8
A-40 35 40 25 4,000 14
A-41 30 20 20 30 3,000 14
A-42 15 35 20 5 25 4,000 1.3
A-43 20 20 40 20 15,000 1.8
A-44 10 20 50 20 6,500 1.5
A-45 40 15 30 15 8,000 1.5
A-46 10 20 20 30 20 5,500 1.7
A-47 35 35 30 7,200 1.5
A48 25 45 30 7,600 1.9
A-49 60 40 6,800 1.6
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TABLE 3-continued
Resin Molar ratio of repeating units Mw Mw/Mn
A-50 19 32 34 4 11 8,000 1.6
A-51 10 30 20 25 15 7,600 1.7
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TABLE 3-continued

Resin Molar ratio of repeating units Mw

Mw/Mn
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TABLE 3-continued

Resin Molar ratio of repeating units Mw Mw/Mn
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TABLE 3-continued

Resin Molar ratio of repeating units Mw Mw/Mn
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TABLE 3-continued

Resin Molar ratio of repeating units Mw
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TABLE 3-continued

Resin Molar ratio of repeating units Mw

Mw/Mn
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TABLE 3-continued

Resin Molar ratio of repeating units Mw Mw/Mn
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TABLE 3-continued
Resin Molar ratio of repeating units Mw Mw/Mn
CE3
O
C4Fs
(A-40)
@] (@]
F}C)\CFj;
F,C @]
>§O
: 1\ I

(A-41)

(A-42)

?ﬁb

PN

F5C CF,
(A-43)

Mar.

17,2022



US 2022/0081518 Al Mar. 17, 2022
33

TABLE 3-continued

Resin Molar ratio of repeating units Mw Mw/Mn
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TABLE 3-continued

Resin Molar ratio of repeating units Mw Mw/Mn
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[0404] <Photoacid Generator>

[0405] The structures of compounds P-1 to P-55 used as
the photoacid generator in Examples and Comparative
Examples are shown below.
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[0407] The structures of compounds Q-1 to Q-23 used as
O the acid diffusion control agent in Examples and Compara-
tive Examples are shown below.
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[0408] <Hydrophobic Resin (E)>

[0409] The structures of resins E-1 to E-17 used as the
hydrophobic resin (E) in Examples and Comparative
Examples are shown below. As the resins E-1 to E-17, those
synthesized based on known techniques were used.

[0410] The compositional ratio (molar ratio; correspond-
ing in order from the left), the weight-average molecular
weight (Mw), and the dispersity (Mw/Mn) of each repeating
unit in the hydrophobic resin (E) are shown in Table 4.

[0411] Furthermore, the weight-average molecular weight
(Mw) and the dispersity (Mw/Mn) of the resins E-1 to E-17
were value expressed in terms of polystyrenes measured by
the above-mentioned GPC method (carrier: tetrahydrofuran
(THF)). In addition, the compositional ratio (ratio based on
% by mole) of the repeating unit in the resin was measured
by **C-nuclear magnetic resonance (NMR).

TABLE 4
Resin Molar ratio of repeating units Mw Mw/Mn
E-1 60 40 10,000 14
E-2 50 50 12,000 1.5
E-3 50 50 9,000 1.5
E-4 50 50 15,000 1.5
E-5 50 50 10,000 1.5
E-6 100 23,000 1.7
E-7 70 30 7,200 1.8
E-8 50 50 15,000 1.7
E-9 50 50 10,000 1.7
E-10 50 50 7,700 1.8
E-11 100 13,000 14
E-12 40 50 5 5 6,000 14
E-13 50 50 10,000 1.7
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TABLE 4-continued TABLE 4-continued

Resin Molar ratio of repeating units Mw Mw/Mn Resin Molar ratio of repeating units Mw Mw/Mn

10 85 5 11,000 1.4

80 20 13,000 1.4
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TABLE 4-continued

Resin Molar ratio of repeating units Mw Mw/Mn
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[0412] <Solvent>
[0413] Solvents used in Examples and Comparative

Examples are shown below.

[0414] PGMEA: Propylene glycol monomethyl ether
acetate

[0415] PGME: Propylene glycol monomethyl ether
[0416] EL: Ethyl lactate

[0417] BA: Butyl acetate

45
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[0418] MAK: 2-Heptanone

[0419] MMP: Methyl 3-methoxypropionate

[0420] y-BL: y-Butyrolactone

[0421] CyHx: Cyclohexanone

[0422] <Surfactant (H)>

[0423] Surfactants used in Examples and Comparative

Examples are shown below.

[0424] H-1: MEGAFACE R-41 (manufactured by DIC
Corporation)

[0425] H-2: MEGAFACE F176 (manufactured by DIC
Corporation)

[0426] H-3: MEGAFACE RO8 (manufactured by DIC
Corporation)

[0427] <Additive (X)>

[0428] Additives used in Examples and Comparative

Examples are shown below.

X1

e e N N e e N
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CFs3

H%O
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[0429] X-5: Polyvinyl Methyl Ether LUTONAL M40
(manufactured by BASF)

[0430] X-6: KF-53 (manufactured by Shin-Etsu Chemical
Co., Ltd.)
[0431] X-7: Salicylic acid

EXAMPLES AND COMPARATIVE EXAMPLES

[0432] A resist composition as shown in Tables 5 to 7
which will be described later was prepared by performing an
operation which will be described later in a clean room of
Class 1000 having a temperature of 22.0° C., a humidity of
58%, and an atmospheric pressure of 102.6 kPa, and applied
to each of Examples and Comparative Examples shown in
Tables 9 to 11.

[0433] First, each component was put into a stirring tank
arranged in the clean room so as to have a composition of the
resist composition (resists 1 to 48) described in Tables 5 to
7, and the above-mentioned step 1 was carried out. At that
time, with regard to the addition of a solvent, the solvent was
passed through a polyethylene filter having a pore size of
0.01 pm and put into the stirring tank. In addition, with
regard to putting the components other than the solvent, first,
a part of the solvent used for preparing each resist compo-
sition was passed through a polyethylene filter having a pore
size of 0.01 pum, and each component was dissolved in the
solvent which had been passed therethrough to prepare a
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diluted solution. Thereafter, the obtained diluted solution
was passed through a filter and put into a stirring tank.
[0434] A void ratio (proportion occupied by a space
(void)) inside the stirring tank after putting each component
was 15% by volume. In other words, an occupancy of the
mixture in the stirring tank was 85% by volume.

[0435] Furthermore, the dilution concentration of the
diluted solution and the type of filter were changed accord-
ing to a resist composition to be prepared.

[0436] Specifically, in a case where the resist composition
(resist 1 to 15) in Table 5 was prepared, the dilution
concentration of the diluted solution in which the resin had
been dissolved was 50% by mass, the dilution concentration
of the diluted solution in which the other materials (the
photoacid generator, the acid diffusion control agent, the
additive 1, and the additive 2) had been dissolved was 20%
by mass, a polyethylene filter having a pore size of 0.1 pm
was used as a filter used for the diluted solution in which the
resin had been dissolved, and a polyethylene filter having a
pore size of 0.05 pm was used as a filter used for the diluted
solution in which the other materials (the photoacid genera-
tor, the acid diffusion control agent, the additive 1, and the
additive 2) had been dissolved. Furthermore, the resists 1 to
15 were used for KrF exposure, as will be described later.
[0437] In a case where the resist composition (resists 16 to
31) in Table 6 was prepared, the dilution concentration was
10% by mass and the polyethylene filter having a pore size
of 0.02 pm was used as a filter. Furthermore, the resists 16
to 31 were used for ArF exposure, as will be described later.
[0438] In a case where the resist composition (resists 32 to
48) shown in Table 7 was prepared, the dilution concentra-
tion was 5% by mass and the polyethylene filter having a
pore size of 0.01 pm was used as a filter. Furthermore, the
resists 32 to 48 were used for EUV exposure, as will be
described later.

[0439] Moreover, in each of Examples and Comparative
Examples shown in Tables 9 to 11, the substitution of a gas
in the stirring tank was carried out by the method shown in
Table 8.

[0440] For example, in the production method 1 described
in Table 8, a nitrogen gas was introduced into the stirring
tank between the step 1 and the step 2, which will be
described later, to substitute the gas in the stirring tank. At
that time, a difference between the atmospheric pressure
inside the stirring tank and the atmospheric pressure outside
the stirring tank (the atmospheric pressure inside the stirring
tank—the atmospheric pressure outside the stirring tank)
was 1.5 kPa, and a content of the nitrogen gas in the specific
gas (in the gas inside the stirring tank) was 91% by volume.
[0441] In addition, for example, in the production method
2 shown in Table 8, while the step 1 was carried out (in other
words, while each component was put into the stirring tank),
a nitrogen gas was introduced into the stirring tank to
substitute the gas in the stirring tank. At that time, a
difference between the atmospheric pressure inside the stir-
ring tank and the atmospheric pressure outside the stirring
tank (the atmospheric pressure inside the stirring tank—the
atmospheric pressure outside the stirring tank) was 1.5 kPa,
and a content of the nitrogen gas in the specific gas (in the
gas inside the stirring tank) was 91% by volume.

[0442] In addition, for example, in the production method
3 shown in Table 8, before the step 1 was carried out (in
other words, before each component was put into the stirring
tank), a nitrogen gas was introduced into the stirring tank to

Mar. 17, 2022

substitute the gas in the stirring tank. At that time, a
difference between the atmospheric pressure inside the stir-
ring tank and the atmospheric pressure outside the stirring
tank (the atmospheric pressure inside the stirring tank—the
atmospheric pressure outside the stirring tank) was 1.5 kPa,
and a content of the nitrogen gas in the specific gas (in the
gas inside the stirring tank) was 91% by volume.

[0443] As described above, the “Timing for starting gas
charge” column shown in Table 8 indicates a timing at which
substitution of the gas in the stirring tank is carried out.
Furthermore, in the comparative manufacturing method 1,
the substitution was not carried out. In addition, after
substituting the gas in the stirring tank, a predetermined gas
was continuously introduced so that the inert gas concen-
tration and the differential pressure shown in Table 8 in the
state in the stirring tank were maintained even in the
subsequent treatment. For example, in a case where the
substitution of the gas was carried out before the step 1, the
inert gas concentration and the differential pressure in the
stirring tank were maintained in the subsequent steps 1 and
2.

[0444] In addition, the “Type” column shown in Table 8
indicates the type of an inert gas introduced into the stirring
tank, and the “Inert gas concentration (% by volume)”
column indicates the concentration (% by volume) of the
inert gas in a gas introduced into the stirring tank.

[0445] In addition, the “Differential pressure (kPa)” col-
umn shown in Table 8 indicates the difference between the
atmospheric pressure inside the stirring tank and the atmo-
spheric pressure outside the stirring tank (atmospheric pres-
sure inside the stirring tank—atmospheric pressure outside
the stirring tank). That is, in the production methods 1 to 7
and the comparative production methods 2 to 5 shown in
Table 8, the atmospheric pressure inside the stirring tank was
higher than the atmospheric pressure outside the stirring
tank.

[0446] Next, as shown in FIG. 1, the stirring shaft to which
the stirring blade was attached, arranged in the stirring tank,
was rotated to stir and mix each component, thereby carry-
ing out the step 2. The temperature of the mixture at the time
of stirring and mixing was 22° C.

[0447] Furthermore, in a case where the resist composition
(resists 1 to 15) in Table 5 was prepared, the rotation speed
of'the stirring blade was 300 rpm. Moreover, in a case where
the resist composition (resists 16 to 31) shown in Table 6
was prepared, the rotation speed of the stirring blade was 60
rpm. In addition, in a case where the resist composition
(resist 32 to 48) shown in Table 7 was prepared, the rotation
speed of the stirring blade was 60 rpm.

[0448] Furthermore, in each of Examples and Compara-
tive Examples, the gas shown in Table 8 was continuously
introduced into the stirring tank while the step 2 was carried
out, and a predetermined differential pressure condition was
maintained. For example, the resist 1 was prepared by the
production method 1 in Example Al of Table 9, the differ-
ential pressure of 1.5 kPa of the production method 1 was
maintained in the step 2 of stirring and mixing the respective
components, and a nitrogen gas was introduced into the
stirring tank so that the specific gas have a nitrogen gas
concentration of 91% by volume.

[0449] After completion of the stirring, the mixture in the
stirring tank was pumped to the circulation pipe connected
to the stirring tank as shown in FIG. 1 by using a liquid
feeding pump. Furthermore, the circulation pipe is a pipe in
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which one end is connected to the bottom part of the stirring
tank and the other end is connected to the upper part of the
stirring tank, a filter is arranged in the middle thereof, and
filtration using the filter is carried out by circulating the
circulation pipe. The circulation was carried out until the
amount of liquid upon the passage of the mixture through the
filter reached four times the total amount of liquid in the
pipe.

[0450] Moreover, the type of the filter was changed
according to a resist composition to be prepared.

[0451] Specifically, in a case where the resist composition
(resist 1 to 15) shown in Table 5 was prepared, a 2-stage
filter composed of a filter consisting of nylon 66 having a
pore size of 0.02 um and a polyethylene filter having a pore
size of 0.01 um was used.

[0452] In a case where the resist composition (resists 16 to
31) shown in Table 6 was prepared, a 2-stage filter composed
of'a filter consisting of nylon 6 having a pore size of 0.01 um
and a polyethylene filter having a pore size of 0.003 um was
used.

[0453] In a case where the resist composition (resists 32 to
48) shown in Table 7 was prepared, a 2-stage filter composed
of a filter consisting of nylon 6 having a pore size of 0.005
um and a polyethylene filter having a pore size of 0.003 um
was used.
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[0454] After the circulatory filtration treatment was com-
pleted, the obtained resist composition was charged into a
container for evaluation through a discharge pipe and a
discharge nozzle as shown in FIG. 1. The gas in the
container was substituted with the specific gas charged in the
stirring tank in each of Examples and Comparative
Examples.

[0455] In Tables 5 to 7, “TMAH (2.38%)” represents an
aqueous solution having a tetramethylammonium hydroxide
content of 2.38% by mass.

[0456] “TMAH (1.00%)” represents an aqueous solution
having a tetramethylammonium hydroxide content of 1.00%
by mass.

[0457] “TMAH (3.00%)” means an aqueous solution hav-
ing a tetramethylammonium hydroxide content of 3.00% by
mass.

[0458] “nBA” represents butyl acetate.

[0459] In Tables 5 to 7, the “Content” column of each
component indicates a content (% by mass) of each com-
ponent with respect to the total solid content in the resist
composition.

[0460] In Tables 5 to 7, the numerical value in the “Sol-
vent” column indicates a content mass ratio of each com-
ponent.

[0461] In Tables 5 to 7, the “Solid content” column
indicates a total concentration of solid contents (% by mass)
in the resist composition.

TABLE 5
Photoacid Acid diffusion
Resist Resin generator control agent Additive 1 Additive 2
composition Type Content Type Content  Type Content Type Content Type  Content
Resist 1 A-1 83.71% P-1 1.20% Q-1 0.03% X-1 15% H-1 0.06%
Resist 2 A-2 90.40% P-2 2.50% Q-2 0.10% X-2 6.95% X-4 0.05%
Resist 3 A-3 97.15% P-3 2.70% Q-3 0.10% — — H-1 0.05%
Resist 4 A-4 87.65% P-4 3.10% Q-4 0.20% X-3 9% H-1 0.05%
Resist 5 A-5 95.1% P-35 4.5% Q-4 0.3% — — X-4 0.1%
Resist 6 A-6 97% P-1 2.90% Q-2 0.10% — — — —
Resist 7 A-7 88.67% P-6 1.20% Q-3 0.04% X-2 10% X-4 0.09%
Resist 8 A-8 95.8% P-7/ 1.0%/ -5 0.10% X-5 2.00% X-6 0.10%
P-8 1.0%
Resist 9 A9 98.55% P-9 1.20% Q-6 0.20% — — X-4 0.05%
Resist 10 A-10 98.55% P-10/ 0.6%/ Q-6 0.20% — — H-1 0.05%
P-11 0.6%
Resist 11 A-11 98.60% P-12/ 0.6%/ Q-6 0.20% — — — —
P-13 0.6%
Resist 12 A-12 97.80% P-14 1.95% Q-7 0.07% X-7 0.09% H-1 0.09%
Resist 13 A-13/ 49.275%/ P-12/ 0.6%/ Q-2/ 0.1%/ — — X-4 0.05%
A-14 49.275% P-15 0.6% Q-4 0.1%
Resist 14 A-15/ 49.275%/ P-12/ 0.6%/ Q-4 0.20% — — — —
A-16 49.275% P-16 0.6%
Resist 15 A-17/ 49.275%/ P-2 1.20%  Q-6/ 0.1%/ — — H-1 0.05%
A-18 49.275% Q-8 0.1%
Forming condition
Resist Solid Film
composition Solvent contents thickness PB PEB Developer
Resist 1 PGMEA/PGME 40% 11.0 pm 130° C./60  120° C./60 TMAH
(50/50) sec sec (2.38%)
Resist 2 PGMEA 33% 11.0 pm 130° C./60  120° C./60 TMAH
sec sec (2.38%)
Resist 3 PGMEA/PGME 33% 11.0 pm 130° C./60  120° C./60 TMAH
(70/30) sec sec (2.38%)
Resist 4 PGMEA/EL 31% 11.0 pm 130° C./60  120° C./60 TMAH
(80/20) sec sec (2.38%)
Resist 5 PGMEA/BA 35% 7.5 pm 110° C./60  110° C./60 TMAH
(50/50) sec sec (2.38%)
Resist 6 MAK/MMP 28% 9.0 pm 130° C./60  120° C./60 TMAH
(60/40) sec sec (2.38%)
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TABLE 5-continued

Resist 7

Resist 8

Resist 9

Resist 10

Resist 11

Resist 12

Resist 13

Resist 14

Resist 15

PGMEA/PGME
(50/50)
PGMEA/EL
(70/30)
PGMEA/PGME
(80/20)
PGMEA/PGME
(80/20)
PGMEA/PGME
(80/20)
PGMEA/PGME
(20/80)
PGMEA/PGME
(80/20)
PGMEA/PGME
(80/20)
PGMEA/PGME
(80/20)

39%

35%

28%

32%

27%

28%

32%

32%

32%

11.0 ym
8.0 um
5.0 ym

10.0 pm
5.0 ym
5.0 um

10.0 pm

10.0 pm

10.0 pm

130° C./60
sec
150° C./60
sec
130° C./60
sec
130° C./60
sec
130° C./60
sec
140° C./60
sec
130° C./60
sec
130° C./60
sec
130° C./60
sec

120° C./60
sec
110° C./60
sec
120° C./60
sec
120° C./60
sec
120° C./60
sec
110° C./60
sec
120° C./60
sec
120° C./60
sec
110° C./60
sec

TMAH
(2.38%)
TMAH
(2.38%)
TMAH

(2.38%)
TMAH
(2.38%)
TMAH
(2.38%)
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TABLE 8
Timing for Inert gas Differential
Production starting gas concentration pressure
method charge Type (% by volume) (kPa)
Comparative — — 80 0.0
production
method 1
Comparative Between N, 97 2.2
production  steps 1 and 2
method 2
Comparative Between Dry air 80 2.2
production  steps 1 and 2
method 3 Between
Comparative steps 1 and 2 Dry air 80 1.5
production Between
method 4 steps 1 and 2
Comparative Between 0O, <70 1.5
production  steps 1 and 2
method 5 Between
Production  steps 1 and 2 N, 91 1.5
method 1 Between
Production  During step 1 N, 91 1.5
method 2
Production  Before step 1 N, 91 1.5
method 3
Production  Before step 1 N, 91 0.5
method 4
Production  Before step 1 N, 97 1.5
method 5
Production  Before step 1 N, 97 0.5
method 6
Production  Before step 1 Ar 97 0.5
method 7
[0462] In the tables, “<70” means less than 70% by
volume.
[0463] <Evaluation of Moisture>

[0464] A Karl Fischer moisture measuring device (product
name “MKC-710M”, manufactured by Kyoto Denshi
Kogyo Co., Ltd., Karl Fischer titration formula) was used
for measuring a moisture in the prepared resist composition.
[0465] <Evaluation of Gas>

[0466] The dissolved gas concentration (ug/ull) in the
prepared resist composition was measured using gas chro-
matography (GC390 manufactured by GL Sciences Inc.)
having a TCD detector, and a column charged with a
molecular sieve SA. For a calibration curve, air was used,
and a total value of the oxygen concentration and the
nitrogen concentration was determined under the conditions
of 25° C. and 1 atm.

[0467] Furthermore, the “Dissolved gas” column in Tables
9 to 11 indicates the total value of the oxygen concentration
and the nitrogen concentration.

Examples Al to A21 and Comparative Examples
Al to A33: KrF Exposure Experiment

[0468] (Pattern Formation 1)

[0469] Using a spin coater “ACT-8” manufactured by
Tokyo Electron Limited, an antireflection film was not
provided on a silicon wafer (8-inch diameter) treated with
HMDS (hexamethyldisilazane), and as shown in Table 9,
each of'the prepared resist compositions (resists 1 to 15) was
applied to the wafer and baked under a PB condition
corresponding to each resist composition shown in Table 5,
thereby forming a resist film having a film thickness corre-
sponding to each resist composition shown in Table 5.
[0470] The obtained resist film was subjected to pattern
exposure through a mask having a line-and-space pattern so
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that a space width and a pitch width of the pattern were 5 pm
and 20 pm, respectively, using a KrF excimer laser scanner
(manufactured by ASML; PAS5500/850C, wavelength 248
nm, NA=0.60, 0=0.75).

[0471] The resist film after exposure was baked under a
PEB condition corresponding to each resist composition
shown in Table 5, then developed with a developer corre-
sponding to each resist composition shown in Table 5 for 30
seconds, and spin-dried to obtain an isolated space pattern
having a space width of 5 um and a pitch width of 20 pm.

[0472] Furthermore, a scanning electron microscope
(938011 manufactured by Hitachi High-Technologies Cor-
poration) was used for the measurement of a pattern size.

[0473]

[0474] A defect distribution on a silicon wafer was
detected using KILA2360 (manufactured by KLA Tencor),
and a shape of the defect was observed using SEMVision G3
(manufactured by AMAT). Among the observed defects, the
number of defects in a mode in which there was a dent in the
pattern part and a mode in which the pattern edge part was
missing was counted, and a defect generation density (count/
cm?) was totalized by dividing the number by a scanned area
of the defect inspection and evaluated according to the
following criteria. The results are shown in Table 9.

(Evaluation of Defects)

[0475] A: The generation density is less than 0.05 count/
2
cm”.

[0476] B: The generation density is 0.05 count/cm® or
more and less than 0.10 count/cm>.

[0477] C: The generation density is 0.10 count/cm® or
more.

[0478] (Evaluation of Sensitivity after Long-Term Stor-
age)

[0479] Using the resist composition immediately after

being produced as described above and the resist composi-
tion stored at room temperature for 3 months, the sensitivity
was evaluated according to the following procedure.

[0480] As a method for evaluating the sensitivity, the
irradiation energy upon finishing a line-and-space pattern
having a space width of 5 um and a pitch width of 20 pm was
used as a sensitivity in the procedure (Pattern Formation 1).

[0481] The difference between the sensitivity in a case
where the resist composition immediately after the produc-
tion was used and the sensitivity in a case where the resist
composition stored at room temperature for 3 months was
used was evaluated according to the following criteria. The
results are shown in Table 9.

[0482] A: The difference in the sensitivity is 0 mJ/cm? or
more and less than 0.2 mJ/cm?.

[0483] B: The difference in the sensitivity is 0.2 mJ/cm? or
more and less than 0.4 mJ/cm?.

[0484] C: The difference in the sensitivity is 0.4 mJ/cm? or
more and less than 0.6 mJ/cm?.

[0485]

more.

D: The difference in the sensitivity is 0.6 mJ/cm? or



US 2022/0081518 Al

TABLE 9

Mar. 17, 2022

52

Resist composition Evaluation

Moisture O, in Dissolved Evaluation Evaluation
(% by dissolved gas of of
Production method Type mass) gas (ug/ul)  (ug/pl)  selectivity  defects

Comparative Example A1~ Comparative production method 1 Resist 1 0.13 0.035 0.176 D A
Comparative Example A2 Comparative production method 2 Resist 1 0.07 0.024 0.221 C C
Comparative Example A3 Comparative production method 3 Resist 1 0.07 0.044 0.221 D C
Comparative Example A4 Comparative production method 4 Resist 1 0.07 0.041 0.206 D B
Comparative Example A5 Comparative production method 5 Resist 1 0.07 0.094 0.206 D B
Example Al Production method 1 Resist 1 0.07 0.030 0.206 C B
Example A2 Production method 2 Resist 1 0.05 0.030 0.206 C B
Example A3 Production method 3 Resist 1 0.04 0.030 0.206 B B
Example A4 Production method 4 Resist 1 0.04 0.028 0.185 B A
Example AS Production method 5 Resist 1 0.04 0.023 0.206 A B
Example A6 Production method 6 Resist 1 0.04 0.023 0.185 A A
Example A7 Production method 7 Resist 1 0.04 0.023 0.185 A A
Comparative Example A6 Comparative production method 1 Resist 2 0.12 0.035 0.174 D A
Comparative Example A7 Comparative production method 1 Resist 3 0.12 0.035 0.174 D A
Comparative Example A8  Comparative production method 1 Resist 4 0.12 0.035 0.173 D A
Comparative Example A9 Comparative production method 1 Resist 5 0.13 0.035 0.174 D A
Comparative Example A10 Comparative production method 1 Resist 6 0.12 0.034 0.172 D A
Comparative Example A1l  Comparative production method 1 Resist 7 0.13 0.035 0.175 D A
Comparative Example A12 Comparative production method 1 Resist 8 0.13 0.035 0.174 D A
Comparative Example A13 Comparative production method 1 Resist 9 0.12 0.034 0.172 D A
Comparative Example A14 Comparative production method 1 Resist 10 0.12 0.035 0.174 D A
Comparative Example A15 Comparative production method 1 Resist 11 0.12 0.034 0.172 D A
Comparative Example A16 Comparative production method 1 Resist 12 0.12 0.034 0.172 D A
Comparative Example A17 Comparative production method 1 Resist 13 0.12 0.035 0.174 D A
Comparative Example A18 Comparative production method 1 Resist 14 0.12 0.035 0.174 D A
Comparative Example A19 Comparative production method 1 Resist 15 0.12 0.035 0.174 D A
Comparative Example A20 Comparative production method 2 Resist 2 0.06 0.024 0.219 C C
Comparative Example A21 Comparative production method 2 Resist 3 0.06 0.024 0.219 C C
Comparative Example A22 Comparative production method 2 Resist 4 0.06 0.024 0.218 C C
Comparative Example A23 Comparative production method 2 Resist 5 0.06 0.024 0.219 C C
Comparative Example A24 Comparative production method 2 Resist 6 0.06 0.024 0.217 C C
Comparative Example A25 Comparative production method 2 Resist 7 0.06 0.024 0.221 C C
Comparative Example A26 Comparative production method 2 Resist 8 0.06 0.024 0.219 C C
Comparative Example A27 Comparative production method 2 Resist 9 0.06 0.024 0.217 C C
Comparative Example A28 Comparative production method 2 Resist 10 0.06 0.024 0.218 C C
Comparative Example A29 Comparative production method 2 Resist 11 0.06 0.023 0.216 C C
Comparative Example A30 Comparative production method 2 Resist 12 0.06 0.024 0.217 C C
Comparative Example A31 Comparative production method 2 Resist 13 0.06 0.024 0.218 C C
Comparative Example A32 Comparative production method 2 Resist 14 0.06 0.024 0.218 C C
Comparative Example A33 Comparative production method 2 Resist 15 0.06 0.024 0.218 C C
Example A8 Production method 6 Resist 2 0.04 0.022 0.183 A A
Example A9 Production method 6 Resist 3 0.04 0.022 0.183 A A
Example A10 Production method 6 Resist 4 0.04 0.022 0.183 A A
Example A1l Production method 6 Resist 5 0.04 0.023 0.184 A A
Example A12 Production method 6 Resist 6 0.04 0.022 0.182 A A
Example A13 Production method 6 Resist 7 0.04 0.023 0.185 A A
Example Al4 Production method 6 Resist 8 0.04 0.023 0.184 A A
Example A15 Production method 6 Resist 9 0.04 0.022 0.182 A A
Example A16 Production method 6 Resist 10 0.04 0.022 0.183 A A
Example A17 Production method 6 Resist 11 0.04 0.022 0.181 A A
Example A18 Production method 6 Resist 12 0.04 0.022 0.182 A A
Example A19 Production method 6 Resist 13 0.04 0.022 0.183 A A
Example A20 Production method 6 Resist 14 0.04 0.022 0.183 A A
Example A21 Production method 6 Resist 15 0.04 0.022 0.183 A A
[0486] As shown in Table 9, it was confirmed that a [0489] In addition, from the comparison of Examples A3

desired effect can be obtained by the production method of
the embodiment of the present invention.

[0487] Above all, from the comparison of Examples Al to
A3, it was confirmed that in a case where the step 3 is carried
out, a more excellent effect can be obtained.

[0488] Furthermore, from the comparison of Examples A3
and A4, it was confirmed that in a case where the difference
between the atmospheric pressure inside the stirring tank
and the atmospheric pressure outside the stirring tank is 0.8
kPa or less, a more excellent effect can be obtained.

and AS and the comparison of Examples A4 and A6, it was
confirmed that in a case where the inert gas concentration in
the gas is 95% by volume or more, a more excellent effect
can be obtained.

Examples B1 to B22 and Comparative Examples
B1 to B35: ArF Exposure Experiment

[0490] (Pattern Formation 2)

[0491] A composition for forming an organic antireflec-
tion film, ARC29SR (manufactured by Brewer Science,
Inc.), was applied onto a silicon wafer (12-inch diameter),



US 2022/0081518 Al

using a spin coater “ACT-12” manufactured by Tokyo
Electron Limited, and baked at 205° C. for 60 seconds to
form an antireflection film having a film thickness of 98 nm.
[0492] The resist composition (resists 16 to 31) shown in
Table 10 was applied onto the obtained antireflection film
using the same device, and baked under a PB condition
corresponding to each resist composition shown in Table 6
to obtain a resist film having a film thickness corresponding
to each resist composition shown in Table 6.

[0493] The obtained resist film was subjected to pattern
exposure through a square array of 6% halftone masks
having a hole portion of 45 nm and a pitch between the holes
of 90 nm, using an ArF excimer laser immersion scanner
(manufactured by ASML; XT1700i, NA1.20, C-Quad, outer
sigma 0.900, inner sigma 0.812, XY deflecion). Ultrapure
water was used as the immersion liquid.

[0494] The resist film after the exposure was baked under
a PEB condition corresponding to each resist composition
shown in Table 6, developed with a developer corresponding
to each resist composition shown in Table 6 for 30 seconds,
and then rinsed with pure water for 30 seconds. Thereafter,
the resist film was spin-dried to obtain a hole pattern having
a pore diameter of 45 nm.

[0495] Furthermore, a scanning electron microscope
(938011 manufactured by Hitachi High-Technologies Cor-
poration) was used for the measurement of a pattern size.
[0496] (Evaluation of Pattern Defects)

[0497] The defect distribution on the silicon wafer was
detected using UVisionS (manufactured by AMAT), and the
shape of the defect was observed using SEMVisionG4
(manufactured by AMAT). Among the observed defects, the
number of defects whose hole pattern shape was not normal
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generation density (count/cm?) was totalized by dividing the
number by a scanned area of the defect inspection and
evaluated according to the following criteria. The results are
shown in Table 10.

[0498] A: The generation density is less than 0.05 count/
cm?.

[0499] B: The generation density is 0.05 count/cm® or
more and less than 0.10 count/cm?.

[0500] C: The generation density is 0.10 count/cm® or
more.

[0501] (Evaluation of Sensitivity After Long-Term Stor-
age)

[0502] Using the resist composition immediately after

being produced as described above and the resist composi-
tion stored at room temperature for 3 months, the sensitivity
was evaluated according to the following procedure.
[0503] As a method for evaluating the sensitivity, in the
procedure (Pattern Formation 2), the irradiation energy in a
case where finishing the hole pattern having a pore diameter
of 45 nm was used as a sensitivity.

[0504] The difference between the sensitivity in a case
where the resist composition immediately after the produc-
tion was used and the sensitivity in a case where the resist
composition stored at room temperature for 3 months was
used was evaluated according to the following criteria. The
results are shown in Table 10.

[0505] A: The difference in the sensitivity is 0 mJ/ecm?® or
more and less than 0.2 mJ/cm?.

[0506] B: The difference in the sensitivity is 0.2 mJ/cm? or
more and less than 0.4 mJ/cm?.

[0507] C: The difference in the sensitivity is 0.4 mJ/cm? or
more and less than 0.6 mJ/cm?.

and which was connected to adjacent holes or had a larger [0508] D: The difference in the sensitivity is 0.6 mJ/cm? or
size than that of a target pattern was counted, a defect more.
TABLE 10
Resist composition Evaluation
Moisture O, in Dissolved Evaluation Evaluation
(% by dissolved gas of of
Production method Type mass) gas (ug/ul)  (ug/pl)  selectivity  defects

Comparative Comparative Resist 16 0.11 0.034 0.172 D A
Example Bl production method 1
Comparative Comparative Resist 16 0.06 0.023 0.213 C C
Example B2 production method 2
Comparative Comparative Resist 16 0.06 0.043 0.213 D C
Example B3 production method 3
Comparative Comparative Resist 16 0.06 0.040 0.199 D B
Example B4 production method 4
Comparative Comparative Resist 16 0.06 0.090 0.199 D B
Example B5 production method 5
Example Bl Production method 1  Resist 16 0.06 0.029 0.199 C B
Example B2 Production method 2 Resist 16 0.05 0.029 0.199 C B
Example B3 Production method 3 Resist 16 0.04 0.029 0.199 B B
Example B4 Production method 4 Resist 16 0.04 0.027 0.181 B A
Example B5 Production method 5 Resist 16 0.04 0.023 0.199 A B
Example B6 Production method 6 Resist 16 0.04 0.022 0.181 A A
Example B7 Production method 7 Resist 16 0.04 0.022 0.181 A A
Comparative Comparative Resist 17 0.11 0.034 0.172 D A
Example B6 production method 1
Comparative Comparative Resist 18 0.11 0.034 0.172 D A
Example B7 production method 1
Comparative Comparative Resist 19 0.11 0.034 0.172 D A
Example B8 production method 1
Comparative Comparative Resist 20 0.11 0.034 0.172 D A

Example B9

production method 1
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TABLE 10-continued
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Resist composition

Evaluation

Moisture O, in Dissolved Evaluation Evaluation
(% by dissolved gas of of
Production method Type mass) gas (ug/ul)  (ug/ul)  selectivity  defects

Comparative Comparative Resist 21 0.11 0.034 0.172 D A
Example B10 production method 1
Comparative Comparative Resist 22 0.11 0.034 0.172 D A
Example B11 production method 1
Comparative Comparative Resist 23 0.11 0.034 0.172 D A
Example B12 production method 1
Comparative Comparative Resist 24 0.11 0.034 0.172 D A
Example B13 production method 1
Comparative Comparative Resist 25 0.11 0.034 0.172 D A
Example B14 production method 1
Comparative Comparative Resist 26 0.12 0.035 0.175 D A
Example B15 production method 1
Comparative Comparative Resist 27 0.12 0.035 0.175 D A
Example B16 production method 1
Comparative Comparative Resist 28 0.13 0.036 0.178 D A
Example B17 production method 1
Comparative Comparative Resist 29 0.13 0.036 0.178 D A
Example B18 production method 1
Comparative Comparative Resist 30 0.12 0.035 0.175 D A
Example B19 production method 1
Comparative Comparative Resist 31 0.13 0.036 0.178 D A
Example B20 production method 1
Comparative Comparative Resist 17 0.06 0.023 0.213 C C
Example B21 production method 2
Comparative Comparative Resist 18 0.06 0.023 0.213 C C
Example B22 production method 2
Comparative Comparative Resist 19 0.06 0.023 0.213 C C
Example B23 production method 2
Comparative Comparative Resist 20 0.06 0.023 0.213 C C
Example B24 production method 2
Comparative Comparative Resist 21 0.06 0.023 0.213 C C
Example B25 production method 2
Comparative Comparative Resist 22 0.06 0.023 0.213 C C
Example B26 production method 2
Comparative Comparative Resist 23
Example B27 production method 2 0.06 0.023 0.213 C C
Comparative Comparative Resist 24 0.06 0.023 0.213 C C
Example B28 production method 2
Comparative Comparative Resist 25 0.06 0.023 0.213 C C
Example B29 production method 2
Comparative Comparative Resist 26 0.06 0.023 0.217 C C
Example B30 production method 2
Comparative Comparative Resist 27 0.06 0.023 0.217 C C
Example B31 production method 2
Comparative Comparative Resist 28 0.07 0.024 0.221 D C
Example B32 production method 2
Comparative Comparative Resist 29 0.07 0.024 0.221 D C
Example B33 production method 2
Comparative Comparative Resist 30 0.06 0.023 0.217 C C
Example B34 production method 2
Comparative Comparative Resist 31 0.07 0.024 0.221 D C
Example B35 production method 2
Example B8 Production method 6 Resist 17 0.04 0.022 0.181 A A
Example B9 Production method 6 Resist 18 0.04 0.022 0.181 A A
Example B10 Production method 6 Resist 19 0.04 0.022 0.181 A A
Example B11 Production method 6 Resist 20 0.04 0.022 0.181 A A
Example B12 Production method 6 Resist 21 0.04 0.022 0.181 A A
Example B13 Production method 6 Resist 22 0.04 0.022 0.181 A A
Example B14 Production method 6 Resist 23 0.04 0.022 0.181 A A
Example B15 Production method 6 Resist 24 0.04 0.022 0.181 A A
Example B16 Production method 6 Resist 25 0.04 0.022 0.181 A A
Example B17 Production method 6 Resist 26 0.04 0.023 0.183 A A
Example B18 Production method 6 Resist 27 0.04 0.023 0.183 A A
Example B19 Production method 6 Resist 28 0.05 0.023 0.187 A A
Example B20 Production method 6 Resist 29 0.05 0.023 0.187 A A
Example B21 Production method 6 Resist 30 0.04 0.023 0.183 A A
Example B22 Production method 6 Resist 31 0.05 0.023 0.187 A A

Mar. 17, 2022



US 2022/0081518 Al

55

[0509] As shown in Table 10, it was confirmed that a
desired effect can be obtained by the production method of
the embodiment of the present invention.

[0510] Above all, from the comparison of Examples B1 to
B3, it was confirmed that in a case where the step 3 is carried
out, a more excellent effect can be obtained.

[0511] Furthermore, from the comparison of Examples B3
and B4, it was confirmed that in a case where the difference
between the atmospheric pressure inside the stirring tank
and the atmospheric pressure outside the stirring tank is 0.8
kPa or less, a more excellent effect can be obtained.
[0512] In addition, from the comparison of Examples B3
and BS and the comparison of Examples B4 and B6, it was
confirmed that in a case where the inert gas concentration in
the gas is 95% by volume or more, a more excellent effect
can be obtained.

Examples C1 to C23 and Comparative Examples
C1 to C37: EUV Exposure Experiment

[0513] (Pattern Formation 3)

[0514] A composition for forming an organic antireflec-
tion film, AL412 (manufactured by Brewer Science, Inc.),
was applied onto a silicon wafer (12-inch diameter), using a
spin coater “ACT-12” manufactured by Tokyo Electron
Limited, and baked at 205° C. for 60 seconds to form an
antireflection film having a film thickness of 200 nm.
[0515] The resist composition (resists 32 to 48) shown in
Table 11 was applied onto the obtained antireflection film
using the same device, and baked under a PB condition
corresponding to each resist composition shown in Table 7
to obtain a resist film having a film thickness corresponding
to each resist composition shown in Table 7.

[0516] The obtained resist film was subjected to pattern
exposure through a square array with masks having a hole
portion of 28 nm and a pitch between the holes of 55 nm,
using an EUV exposure device (manufactured by Exitech
Ltd., Micro Exposure Tool, NA 0.3, Quadrupol, outer sigma
0.68, inner sigma 0.36).

[0517] The resist film after the exposure was baked under
a PEB condition corresponding to each resist composition
shown in Table 7, developed with a developer corresponding
to each resist composition shown in Table 7 for 30 seconds,
and then rinsed with pure water for 30 seconds. Thereafter,
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[0518] Furthermore, a scanning electron microscope
(938011 manufactured by Hitachi High-Technologies Cor-
poration) was used for the measurement of a pattern size.
[0519] (Evaluation of Pattern Defects)

[0520] The defect distribution on the silicon wafer was
detected using UVisionS (manufactured by AMAT), and the
shape of the defect was observed using SEMVisionG4
(manufactured by AMAT). Among the observed defects, the
number of defects whose hole pattern shape was not normal
and which was connected to adjacent holes or had a larger
size than that of a target pattern was counted, a defect
generation density (count/cm?) was totalized by dividing the
number by a scanned area of the defect inspection and
evaluated according to the following criteria. The results are
shown in Table 11.

[0521] A: The generation density is less than 0.05 count/
2

cm”.

[0522] B: The generation density is 0.05 count/cm® or

more and less than 0.10 count/cm?®.

[0523] C: The generation density is 0.10 count/cm® or
more.

[0524] (Evaluation of Sensitivity After Long-Term Stor-
age)

[0525] Using the resist composition immediately after

being produced as described above and the resist composi-
tion stored at room temperature for 3 months, the sensitivity
was evaluated according to the following procedure.
[0526] As a method for evaluating the sensitivity, in the
procedure (Pattern Formation 3), an irradiation energy upon
finishing the hole pattern having a pore diameter of 28 nm
was used as the sensitivity.

[0527] The difference between the sensitivity in a case
where the resist composition immediately after the produc-
tion was used and the sensitivity in a case where the resist
composition stored at room temperature for 3 months was
used was evaluated according to the following criteria. The
results are shown in Table 11.

[0528] A: The difference in the sensitivity is 0 mJ/cm? or
more and less than 0.2 mJ/cm>.

[0529] B: The difference in the sensitivity is 0.2 mJ/cm? or
more and less than 0.4 mJ/cm>.

[0530] C: The difference in the sensitivity is 0.4 mJ/cm? or
more and less than 0.6 mJ/cm?.

the resist film was spin-dried to obtain a hole pattern having [0531] D: The difference in the sensitivity is 0.6 mJ/cm? or
a pore diameter of 28 nm. more.
TABLE 11
Resist composition Evaluation
Moisture O, in Dissolved Evaluation Evaluation
(% by dissolved gas of of
Production method Type mass) gas (ug/ul)  (ug/pl)  selectivity  defects

Comparative Comparative Resist 32 0.12 0.035 0.173 D A
Example C1 production method 1
Comparative Comparative Resist 32 0.06 0.023 0.216 C C
Example C2 production method 2
Comparative Comparative Resist 32 0.06 0.043 0.216 D C
Example C3 production method 3
Comparative Comparative Resist 32 0.06 0.040 0.202 D B
Example C4 production method 4
Comparative Comparative Resist 32 0.06 0.091 0.202 D B
Example C5 production method 5
Example C1 Production method 1  Resist 32 0.06 0.029 0.202 C B
Example C2 Production method 2 Resist 32 0.05 0.029 0.202 C B
Example C3 Production method 3  Resist 32 0.04 0.029 0.202 B B
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Resist composition

Evaluation

Moisture O, in Dissolved Evaluation Evaluation
(% by dissolved gas of of
Production method Type mass) gas (ug/ul)  (ug/ul)  selectivity  defects

Example C4 Production method 4 Resist 32 0.04 0.027 0.182 B A
Example C5 Production method 5 Resist 32 0.04 0.023 0.202 A B
Example C6 Production method 6 Resist 32 0.04 0.022 0.182 A A
Example C7 Production method 7 Resist 32 0.04 0.022 0.182 A A
Comparative Comparative Resist 33 0.12 0.035 0.173 D A
Example C6 production method 1
Comparative Comparative Resist 34 0.12 0.035 0.174 D A
Example C7 production method 1
Comparative Comparative Resist 35 0.12 0.034 0.172 D A
Example C8 production method 1
Comparative Comparative Resist 36 0.12 0.035 0.174 D A
Example C9 production method 1
Comparative Comparative Resist 37 0.12 0.035 0.173 D A
Example C10 production method 1
Comparative Comparative Resist 38 0.12 0.035 0.173 D A
Example C11 production method 1
Comparative Comparative Resist 39 0.12 0.035 0.174 D A
Example C12 production method 1
Comparative Comparative Resist 40 0.13 0.035 0.176 D A
Example C13 production method 1
Comparative Comparative Resist 41 0.13 0.035 0.176 D A
Example C14 production method 1
Comparative Comparative Resist 42 0.12 0.035 0.173 D A
Example C15 production method 1
Comparative Comparative Resist 43 0.12 0.035 0.174 D A
Example C16 production method 1
Comparative Comparative Resist 44 0.12 0.035 0.173 D A
Example C17 production method 1
Comparative Comparative Resist 45 0.12 0.034 0.172 D A
Example C18 production method 1
Comparative Comparative Resist 46 0.12 0.035 0.174 D A
Example C19 production method 1
Comparative Comparative Resist 47 0.12 0.035 0.173 D A
Example C20 production method 1
Comparative Comparative Resist 48 0.12 0.035 0.173 D A
Examnle C21 production method 1
Comparative Comparative Resist 33 0.06 0.023 0.216 C C
Example C22 production method 2
Comparative Comparative Resist 34 0.06 0.024 0.218 C C
Example C23 production method 2
Comparative Comparative Resist 35 0.06 0.023 0.216 C C
Example C24 production method 2
Comparative Comparative Resist 36 0.06 0.024 0.218 C C
Example C25 production method 2
Comparative Comparative Resist 37 0.06 0.023 0.216 C C
Example C26 production method 2
Comparative Comparative Resist 38 0.06 0.023 0.216 C C
Example C27 production method 2
Comparative Comparative Resist 39 0.06 0.024 0.218 C C
Example C28 production method 2
Comparative Comparative Resist 40 0.07 0.024 0.221 D C
Example C29 production method 2
Comparative Comparative Resist 41 0.07 0.024 0.221 D C
Example C30 production method 2
Comparative Comparative Resist 42 0.06 0.023 0.216 C C
Example C31 production method 2
Comparative Comparative Resist 43 0.06 0.024 0.218 C C
Example C32 production method 2
Comparative Comparative Resist 44 0.06 0.024 0.217 C C
Example C33 production method 2
Comparative Comparative Resist 45 0.06 0.023 0.216 C C
Example C34 production method 2
Comparative Comparative Resist 46 0.06 0.024 0.218 C C
Example C35 production method 2
Comparative Comparative Resist 47 0.06 0.023 0.216 C C
Example C36 production method 2
Comparative Comparative Resist 48 0.06 0.023 0.216 C C
Example C37 production method 2
Example C8 Production method 6 Resist 33 0.04 0.022 0.182 A A
Example C9 Production method 6 Resist 34 0.04 0.022 0.183 A A
Example C10 Production method 6 Resist 35 0.04 0.022 0.181 A A
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Resist composition

Evaluation

Moisture O, in Dissolved Evaluation Evaluation
(% by dissolved gas of of
Production method Type mass) gas (ug/ul)  (ug/ul)  selectivity  defects

Example C11 Production method 6 Resist 36 0.04 0.022 0.183 A A
Example C12 Production method 6 Resist 37 0.04 0.022 0.182 A A
Example C13 Production method 6 Resist 38 0.04 0.022 0.182 A A
Example C14 Production method 6 Resist 39 0.04 0.022 0.183 A A
Example C15 Production method 6 Resist 40 0.04 0.023 0.186 A A
Example C16 Production method 6 Resist 41 0.04 0.023 0.186 A A
Example C17 Production method 6 Resist 42 0.04 0.022 0.182 A A
Example C18 Production method 6 Resist 43 0.04 0.022 0.183 A A
Example C19 Production method 6 Resist 44 0.04 0.022 0.183 A A
Example C20 Production method 6 Resist 45 0.04 0.022 0.181 A A
Example C21 Production method 6 Resist 46 0.04 0.022 0.183 A A
Example C22 Production method 6 Resist 47 0.04 0.022 0.182 A A
Example C23 Production method 6 Resist 48 0.04 0.022 0.182 A A

[0532] As shown in Table 11, it was confirmed that a
desired effect can be obtained by the production method of
the embodiment of the present invention.

[0533] Above all, from the comparison of Examples C1 to
C3, it was confirmed that in a case where the step 3 is carried
out, a more excellent effect can be obtained.

[0534] Furthermore, from the comparison of Examples C3
and C4, it was confirmed that in a case where the difference
between the atmospheric pressure inside the stirring tank
and the atmospheric pressure outside the stirring tank is 0.8
kPa or less, a more excellent effect can be obtained.
[0535] In addition, from the comparison of Examples C3
and C5 and the comparison of Examples C4 and C6, it was
confirmed that in a case where the inert gas concentration in
the gas is 95% by volume or more, a more excellent effect
can be obtained.

EXPLANATION OF REFERENCES

[0536] 10: stirring tank
[0537] 12 stirring shaft
[0538] 14 stirring blade
[0539] 16 circulation piping
[0540] 18 filter

[0541] 20 discharge piping
[0542] 22 discharge nozzle

What is claimed is:

1. A method for producing a radiation-sensitive resin

composition comprising:

a step 1 of putting at least a resin having a polarity that
increases by an action of an acid, a photoacid generator,
and a solvent into a stirring tank; and

a step 2 of producing a radiation-sensitive resin compo-
sition by stirring and mixing the resin having a polarity
that increases by the action of an acid, the photoacid
generator, and the solvent in the stirring tank under a
gas having an inert gas concentration of 90% by
volume or more,

wherein in the step 2, an atmospheric pressure inside the
stirring tank is higher than an atmospheric pressure
outside the stirring tank, and
in the step 2, a difference between the atmospheric
pressure inside the stirring tank and the atmospheric
pressure outside the stirring tank is 2.0 kPa or less.
2. The method for producing a radiation-sensitive resin
composition according to claim 1,
wherein the inert gas concentration in the gas is 95% by
volume or more.
3. The method for producing a radiation-sensitive resin
composition according to claim 1,
wherein the difference between the atmospheric pressure
inside the stirring tank and the atmospheric pressure
outside the stirring tank is 0.8 kPa or less.
4. The method for producing a radiation-sensitive resin
composition according to claim 1,
wherein a gas in the stirring tank is substituted with the
gas having an inert gas concentration of 90% by
volume or more before the step 1.
5. The method for producing a radiation-sensitive resin
composition according to claim 1,
wherein a gas in the stirring tank is substituted with the
gas having an inert gas concentration of 90% by
volume or more in the step 1.
6. The method for producing a radiation-sensitive resin
composition according to claim 1,
wherein a gas in the stirring tank is substituted with the
gas having an inert gas concentration of 90% by
volume or more between the step 1 and the step 2.
7. The method for producing a radiation-sensitive resin
composition according to claim 1,
wherein a concentration of solid contents of the radiation-
sensitive resin composition is 10% by mass or more.
8. The method for producing a radiation-sensitive resin
composition according to claim 1,
wherein the resin having a polarity that increases by the
action of an acid has a repeating unit derived from
hydroxystyrene.



