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WO 2013/100158 PCT/JP2012/084249

1
DESCRIPTION
~ Titleof Invention: ACTINIC RAY-SENSITIVE OR RADIATION-SENSITIVE RESIN
COMPOSITION, AND, ACTINIC RAY-SENSITIVEOR RADIATION-SENSITIVE
FILM AND PATTERNFORMING METHOD, EACH USING THE SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention
[0002] The present invention relates to an actinic ray-sensitive or radiation-sensitive resin
composition, and, an actinic ray-sensitive or radiation-sensitive film and a pattern forming
method, each using the same. Specifically, the present invention relates to an actinic
ray-sensitive or radiation-sensitive resin composition which is suitable for use in an
ultramicrolithography process applicable to a process for manufacturing a super-LSl or a
high-capacity microchip, aprocess for fabricating a nanoimprint mold, aprocess for producing
a high-density information recording medium, and the like, and other photofabrication
processes, and, an actinic ray-sensitive or radiation-sensitive film and a pattern forming
method, eacn using the same. )
[0003] 2. Description of the Related Art
[0004] In the production process for semiconductor devices such as ICs and LSIs, it is a
practice in the related art to perform microfabrication by lithography using a photoresist
composition. Recently, the formation of an ultrafine pattern in the submicron region or
guarter-micron region has been demanded in accordance with the redlization of high
integration for integrated circuits. Accordingly, the trend of exposure wavelength toward a
short wavelength, for example, from graysto i rays, and further to KrF excimer laser light has
been seen. At present, an exposure device using an ArF excimer laser having a wavelength
of 193 nm has been developed. Further, a so-caled immersion method has been developed,
in which the space between aprojection lens and a sample isfilled with aliquid having a high
refractive index (hereinafter referred to also asa "liquid for immersion liquid"). Furthermore,
lithography using an electron beam, X rays, EUV, or the like in addition to excimer laser has
been also developed. Thus, a chemical amplification type resist composition having
excellent resolution in effective response to various types of radiation has been developed (see,
for example, JP2003-43677A, JP2001-166476A, and JP2001-215689A).
[0005] Electron beam lithography has been recognized as a pattern forming technique of the

next generation or the generation after the next, and aresist having high sensitivity as well as
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high resolution has been demanded. However, various types of difficulty are caused during
practical use in an ultrafine region with a size of 0.25 umn or less, and thus, there is room for

further improvement of a pattern profile and a depth of focus (DOF).

SUMMARY OF THE INVENTION
[0006] It is an object of the present invention to provide an actinic ray-sensitive or
radiation-sensitive resin composition, which is excellent in sensitivity, resolution, a pattern
profile and a depth of focus (DOF), an actinic ray-sensitive or radiation-sensitive film using
the same, and a pattern forming method.
[0007] In one embodiment, the present invention is as follows.
[0008] [1] An actinic ray-sensitive or radiation-sensitive resin composition including: a
nitrogen-containing compound, and aresin (Ab) capable of varying a polarity thereof by the
action of an acid, wherein the nitrogen-containing compound is a compound having at least
one amino group formed by bonding one or two hydrogen atoms to a nitrogen atom, and at
Ieaét one hydrogen atom of the one or two hydrogen atoms is substituted by an -S-R; group(s)
or an -S(0)R 3 group(s) (wherein R, represents a substituent).
[0009] [2] An actinic ray-sensitive or radiation-sensitive resin composition including: a
nitrogen-containing compound, and aresin (Ab) capable of varying an alkali solubility thereof
by the action of an acid, wherein the nitrogen-containing compound is a compound having at
least one amino group formed by bonding one or two hydrogen atoms to a nitrogen atom, and
at least one hydrogen atom of the one or two hydrogen atoms is substituted by an -S-R,
group(s) or an -S(0)R 5 group(s) (wherein R, represents a substituent).
[0010] [3] The composition as described in [1] or [2], wherein the nitrogen-containing

compound is represented by'either the general formula (NI) or (N2).

[Chem. 1)
R1' , ' R,
N-S—R, ‘N-S-R,
R} R,
(N1) (N2)

[0011] In the general formulae (NI) and (N2),
Ri and R, each independently represent a hydrogen atom or a substituent, provided
that a case where % and R, are hydrogen atoms at the same time is excluded. Further, Ri

and R, may be bonded to each other to form a ring together with a nitrogen atom in the
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formula.

[0012] R, represents a substituent.

[0013] [4] The composition as described in [3], wherein Ry and R; in the general formula (NI)
and (N2) are bonded to each other to form aring together with anitrogen atom in the formula.

[0014] [5] The composition as described in any one of [1] to [4], wherein the substituent
represented by R, is a group containing an acid-decomposable group.

[0015] [6] The composition as described in any one of [1] to [5], further including a compound
capable of generating an acid by irradiation with actinic rays or radiation.

[0016] [7] The composition as described in any one of [1] to [6], wherein the resin (Ab)
contains a repeating unit (B) including a structural portion capable of generating an acid by
irradiation with actinic rays or radiation.

[0017] [8] The composition as described in any one of [1] to [7], further including aresin (Aa)
containing at least any one of fluorine atoms and silicon atoms.

[0018] [9] The composition as described in any one of [1] to [8], wherein the resin (Ab)
contains a least one kind of repeating unit represented by the general formula (A).

[Chem. 2]
-FCHz—CH—)—-
“

{S4)m -—'\/\I

(OH)n

(A)

[0019] In the general formula (A),

n represents an integer of 1to 5 and m represents an integer of O to 4, satisfying the
relationship of I<m+n<5. '
[0020] Si represents a substituent.  In the case where m is 2 or more, aplurality of Si's may
be the same as or different from each other.
[0021] [10] The composition as described in [9], wherein the resin (Ab) at least contains a
repeating unit represented by the following formula as the repeating unit represented by the
general formula (A).
[Chem. 3]



WO 2013/100158 PCT/JP2012/084249

-(-CH;-GH-}—

H
[0022] [11] The composition as described in any one of [1] to [10], wherein the resin (Ab)
contains a least one kind of the repeating units represented by the general formulae (Al) and
(A2).
[Chem. 4]

Leron)

X
4 |
(31,,,,_(‘] Len—c)-
X c';o -A
(OA )N 22
(A1) (A2)

[0023] In the general formula (Al),

n represents an integer of 1to 5 and m represents an integer of O to 4, satisfying the
relationship of l<m+n<5.

[0024] s, represents a substituent, and in the case where mis 2 or more, aplurality of St's may
be the same as or different from each other.

[0025] A, represents a hydrogen atom or a group capable of leaving by the action of an acid.
However, a least one Ai represents a group capable of leaving by the action of an acid. In
the case of n>2, aplurality of A;'smay be the same as or different from each other.

[0026] In the general formula (A2),

X represents a hydrogen atom, an akyl group, a hydroxyl group, an alkoxy group, a
halogen atom, a cyano group, a nitro group, an acyl group, an acyloxy group, a cycloalkyl
group, a cycloalkyloxy group, an aryl group, a carboxy group, an alkyloxycarbonyl group, an
alkylcarbonyloxy group, or an aralkyl group.

[0027] A, represents a group capable of leaving by the action of an acid.

[0028] [12] The composition as described in any one of [1] to [11], wherein the weight
average molecular weight of the resin (Ab) is in arange of 1,000 to 200,000.

[0029] [13] The composition as described in any one of [1] to [11], wherein the weight
average molecular weight of the resin (Ab) isin arange of 1,000 to 100,000.

[0030] [14] The composition as described in any one of [1] to [11], wherein the weight

average molecular weight of the resin (Ab) is in arange of 1,000 to 50,000.
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[0031] [15] The composition as described in any one of [1] to [11], wherein the weight
average molecular weight of the resin (Ab) is in arange of 1,000 to 25,000.
[0032] [16] The composition as described in any one of [1] to [15], further including a basic
compound (excluding a nitrogen-containing compound).
[0033] [17] The composition as described in [16], wherein the basic compound is a compound
having a functional group with proton accepting properties, and generating a compound
capable of decomposing under irradiation with actinic rays or radiation to decrease or lose the
proton accepting properties or to be converted from proton accepting properties to acidity.
[0034] [18] The composition as described in any one of [1] to [17], further including a
surfactant.
[0035] [19] The composition as described in any one of [1] to [18], further including a solvent.
[0036] [20] The composition as described in [19], wherein the solvent contains propylene
glycol monomethyl ether acetate.
[0037] [21] The composition as described in [20], wherein the solvent further contains
propylene glycol monomethyl ether.
[0038] [22] The composition as described in any one of [1] to [21], which is used for EUV
exposure.
[0039] [23] The composition as described in any one of [1] to [21], which is used for KrF
excimer laser, electron beam, or X ray exposure.
[0040] [24] An actinic ray-sensitive or radiation- sensitive film formed using the composition
asdescribed in any one of [1] to [23].
[0041] [25] A pattern forming method including a step of forming a film using the composition
as described in any one of [1] to [23]; a step of exposing the formed film; and a step of
developing the exposed film.
[0042] [26] The pattern forming method as described in [25], wherein exposure is carried out
using EUV.
[0043] [27] A semiconductor device produced by performing the steps including the pattern
forming method as described in [25] or [26].
[0044] Effects of the Invention
[0045] By the present invention, it is possible to provide an actinic ray-sensitive or
radiation-sensitive resin composition, which is excellent in sensitivity, resolution, and DOF,
and is capable of forming a pattern having a good profile, actinic ray-sensitive or

radiation-sensitive film using the same, and a pattern forming method.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0046] Hereinbelow, the present invention will be described in detail.
[0047] Further, when a group and an atomic group are described without specifying whether
substituted or unsubstituted, a group includes both a group and an atomic group, each having
no substituent, and a group and an atomic group, each having a substituent. For example, the
"akyl group" which is described without specifying whether substituted or unsubstituted
includes not only an alkyl group having no substituent (unsubstituted alkyl group) but also an
alkyl group having a substituent (substituted alkyl group).
[0048] In addition, the "actinic rays' or "radiation” as used herein refers to, for example, a
bright line spectrum of a mercury lamp, far ultraviolet rays typified by an excimer laser,
extreme-ultraviolet (EUV) rays, X rays, or an electron beam (EB). Further, the "light" in the
present invention means actinic rays or radiation.
[0049] Furthermore, unless otherwise specifically indicated, the "exposure" as used herein
includes not only exposure to amercury lamp, far ultraviolet rays typified by an excimer laser,
X rays, EUV light, or the like, but also lithography with a particle beam such as an electron
beam and an ion beam.
[0050] The actinic ray-sensitive or radiation-sensitive resin composition according to the
present invention includes (1) a nitrogen-containing compound and (2) aresin (Ab) capable of
varying an akali solubility thereof by the action of an acid as essentiad components.
Hereinafter, the respective components will be described.
[0051] (1) Nitrogen-Containing Compound
[0052] The composition according to the present invention contains a nitrogen-containing
compound. The nitrogen-containing compound is a compound having at least one amino group
formed by bonding one or two hydrogen atoms to a nitrogen atom (which may be hereinafter
referred to an "amino compound (a)" in some cases), and a least one hydrogen atom of the
one or two hydrogen atoms is substituted by an -S-R; group(s) or an -S(O)R ; group(s)
(wherein R, represents a substituent) (which may be hereinafter referred to "the
nitrogen-containing compound of the present invention", or the like). Here, the substituent
represented by R; has the same definition as the substituent as R; in the general formulae (NI)
and (N2) as described later.
[0053] Since this nitrogen-containing compound of the present invention has lower basicity

than common basic compounds, the uniformity in component distribution in the film in the
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steps of coating and film formation is improved. Further, the N-S bonds are cleaved by an
acid generated from an acid generator during exposure and apart or al of the basic compound
of the present invention changes into a compound with high basicity (for example, a
compound having a structure represented by the general formula (NO) as described later), and
performs functions of inhibition of acid diffusion or the like. Therefore, it is thought that by
incorporating the nitrogen-containing compound into the composition of the present invention,
the pattern profile becomes rectangular, thereby leading to improvement of sensitivity and
resolution. |

[0054] In the nitrogen-containi hg compound of the present invention, in the case where the
amino compound (&) has two or more amino groups and two or more -S-R; groups or -S(O)R 5
groups, each of the -S-R; groups or the -S(O)R 5 groups may be bonded to the same or different
nitrogen atoms.

[0055] The nitrogen-containing compound of the present invention is represented by, for
example, either the following general formula (NI) or (N2). In one embodiment, the
composition according to the present invention more preferably contains a nitrogen-containing

compound represented by the general formula (NI ).

[Chem. 5]
R1\ R1\ @
N-SR, N-SR,
/ /
R2 R2
(N1) (N2)

[0056] In the general formulae (N) and (N2),

R; and R, each independently represent a hydrogen atom or a substituent, provided
that a case where R, and R, are hydrogen atoms at the same time is excluded. Further, R,
and R, may be bonded to each other to form aring.
[0057] R, represents a substituent.
[0058] Further, the nitrogen-containing compound may be a compound having a plurality of
structures represented by the general formula (NI) or (N2). For example, the compound may
be a compound having a structure where at least one of Ri to R; in the compound represented
by the general formula (NI) is bonded to a least one of Ri to R, in another compound
represented by the general formula (NI) through a single bond or adivalent connecting group.
[0059] Examples of the substituents represented by Ri, R, and R; include an akyl group, a

cycloalkyl group, an akoxy group, an acyl group, an acyloxy group, a halogen atom, a cyano
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group, a silicon atom-containing organic group, an aryl group, an aryloxy group, an arakyl
group, an aralkyloxy group, a hydroxy group, a nitro group, a sulfonylamino group, an
alkylthio group, an arylthio group, and an aralkylthio group.
[0060] Asthe akyl group represented by Ri, R, and R,, for example, an alkyl group having 1
to 20 carbon atoms is preferred, and specific examples thereof include a methyl group, an
ethyl group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl group, at-butyl
group, a pentyl group, and ahexyl group. The akyl group may contain an oxygen atom or a
sulfur atom in the akyl chain. Further, the akyl group may further contain a substituent.
Examples of the preferred substituent which the alkyl group may further contain include a
halogen atom, an alkoxy group, a cycloalkyl group, a hydroxyl group, a nitro group, an
alkoxycarbonyl group, an acyl group, an acyloxy group, an acylamino group, a sulf.onylami no
group, an alkylthio group, an arylthio group, an aralkylthio group, a thiophenecarbonyloxy
group, a thiophenemethylcarbonyloxy group, and heterocyclic residues such as a pyrrolidone
residue, and preferably substituents having 12 or less carbon atoms.
[0061] Asthe cycloakyl group represented by Ri, R,, and R;, for example, a cycloalkyl group
having 3 to 10 carbon atoms is preferred, and specific examples thereof include a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a norbornyl group, and an adamantyl group.
The cycloalkyl group may further contain a substituent. Examples of the preferred
substituent which the cycloalkyl group may further contain include an alkyl group, in addition
to the substituents which the alkyl groups as R;, R, and R; as described above may have.
[0062] As the alkoxy group represented by Ri, R, and R;, for example, an akoxy group
having 1to 10 carbon atoms is preferred, and specific examples thereof include a methoxy
group, an ethoxy group, apropoxy group, and abutoxy group. The akoxy group may further
contain a substituent and examples of the substituent include the substituents which the akyl
group asR,, R, and R; as described above may have.
[0063] Asthe acyl group represented by Ri, R, and Rs, for example, an acyl group having 2 to
10 carbon atoms is preferred, and specific examples thereof include an acetyl group, a
propionyl group, a butyryl group, and an isobutyryl group. The acyl group may further
contain a substituent and examples of the substituent include the substituents which the alkyl
group asRi, R, and R; as described above may have.
[0064] As the acyloxy group represented by Ri, R, and R;, for example, an acyloxy group
having 2 to 10 carbon atoms is preferred.  Examples of the acyl group in the acyloxy group

include the same specific examples of the acyl group as described above, and examples of the
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* substituents which the acyloxy group may have are also the same.

[0065] As the aryl group represented by Ri, R, and R, for example, an aryl group having 6 to
10 carbon atoms is preferred, and specific examples thereof include a phenyl group, a xylyl
group, atolyl group, a cumenyl group, a naphthyl group, and an anthracenyl group. The aryl
group may further contain a substituent and examples of the substituent include the same
groups as the substituents which the akyl group or cycloalkyl group as R, R, and R; as
described above may have.

[0066] Asthe aryloxy group and the arylthio group represented by Ri, R, and Rs, for example,
an aryloxy group and an arylthio group having 2 to 10 carbon atoms are preferred.  Examples
of the aryl group in the aryloxy group and the arylthio group include the same specific
examples of the aryl group as described above, and examples of the substituents which the
aryloxy group and the arylthio group may have are also the same.

[0067] As the aralkyl group represented by Ri, R, and Rs, for example, an aralkyl group
having 7 to 15 carbon atoms is preferred, and specific examples thereof include a benzyl group.
This group may further contain a substituent and examples of the substituent include the same
groups as the substituents which the alkyl group or cycloalkyl group as Ri, R, and R; as
described above may have.

[0068] As the aralkyloxy group and the aralkylthio group represented by Ri, R; and Rs, for
example, an aralkyloxy group and an aralkylthio group, each having 7 to 15 carbon atoms, are
preferable. Examples of the aralkyl group in the aralkyloxy group and the aralkylthio group
include the same specific examples of the aralkyl group as described above, and examples of
the substituents which the aral kyl group may have are also the same.

[0069] Asthe alkylthio group represented by R, R, and R, for example, those having 1to 10
carbon atoms are preferred. Examples of the akyl group in the alkylthio group include the
same specific examples of the akyl group as described above, and examples of the
substituents which the alkylthio group may have are also the same.

[0070] In one embodiment of the present invention, the nitrogen-containing compound
preferably contains a hydroxyl group and/or -(C,+4)0- in any one of Ri, R, and R; of the
genera formula (NI) or (N2), and more preferably contains a hydroxyl group and/or
-(C,H 4)0- in at least one of Ri and R;.

[0071] Furthermore, in another embodiment of the present invention, for the
nitrogen-containing compound, R; of the general formula (NI) or (N2) is preferably an akyl

group or an aryl group.
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[0072] In addition, in still another embodiment of the present invention, for the
nitrogen-containing compound, R, of the general formula (NI) or (N2) is preferably a group
containing an acid-decomposable group. Here, the acid-decomposable group has the same
definition as the acid-decomposable group which the resin (Ab) may have as described later,
and includes the same specific examples.

[0073] Furthermore, in «ill another embodiment of the present invention, for the
nitrogen-containing compound, Ri and R, of the genera formula (NI) or (N2) are preferably
bonded to each other to form a ring together with a nitrogen atom in the formula. The
nitrogen-containing heterocycle formed by Ri-N-R., may further contain nitrogen atoms or
oxygen atoms, in addition to the nitrogen atoms in the formula. The nitrogen-containing
heterocycle formed by Ri-N-R; is preferably a nitrogen-containing aromatic heterocycle, more
preferably imidazoline or imidazole, and particularly preferably imidazole.

[0074] The nitrogen-containing compound of the present invention, containing the compound
represented by the general formula (NI) or (N2), is a compound having at least one amino
group formed by bonding one or two hydrogen atoms to a nitrogen atom, and at least one
hydrogen atom of the one or two hydrogen atoms is substituted by an -S-R group(s) or an
-S(0)R; group(s), as described above.

[0075] Here, the "amino group” includes an amino group bonded to a carbonyl group or a
sulfonyl group, but in one embodiment of the present invention, the amino group' is preferably
not bonded to a carbony! group or a sulfonyl group.

[0076] The amino compound (@) preferably has one or more structures represented by, for
example, the following general formula (NO).

[Chem. 6]

N-H (No)

[0077] (Ri and R, in the formula have the same definitions asR; and R, in the general formula
(NI) and (N2)).

[0078] Examples of the amino compound (&) having one or more structures represented by the
general formula (NO) include a compound having one structure represented by the general
formula (NO) and having an amino group not bonded to a carbonyl group or a sulfonyl group
(hereinafter referred to as an "amino compound (al)"), a compound having two structures

represented by the general formula (NO) and having an amino group not bonded to a carbonyl
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group or a sulfonyl group (hereinafter referred to as an "amino compound (a2)"), a compound
having three structures represented by the general formula (NO) and having an amino group
not bonded to a carbonyl group or a sulfonyl group (hereinafter referred to as an "amino
compound (a3)"), an amide group-containing compound, and a urea compound. Here,
embodiments of the amiho compound (a2) include a compound having a structure in which at
least one of Ri and R5 in the amino group represented by the general formula (NO) is bonded
to at least oné of Ri and Rj3 in the alkyl group represented by the general formula (NO) through
a single bond or a polyvaent connecting group, and a compound in which a heterocycle
having an N-H bond has an amino group as a substituent (adenine and the like).
[0079] In the present invention, it is preferable that at least one kind of the amino compound
(a), the amino compound (a2), and the amino compound (a3) be used, it is more preferred
that at least one kind of the amino compound (a) and the amino compound (a2) be used, and
it isparticularly preferable that at least one kind of the amino compound (al) be used.
[0080] Examples of the amino compound (al) include monoalkylamines such as n-hexylamine,
n-heptylamine, n-octylamine, n-nonylamine, n-decylamine, and cyclohexylamine;
dialkylamines such as di-n-butylamine, di-n-pentylamine, di-n-hexylamine, di-n-heptylamine,
di-n-octylamine,  di-n-nonylamine,  di-n-decylamine,  cyclohexylmethylamine, and
dicyclohexylamine; aromatic amines such as aniline, N-methylaniline, 2-niethylaniline,
3-methylaniline,  4-mefhylaniline,  4-nitroaniline,  diphenylamine, 1-naphthylamine,
2-(4-aminophenyl)-2-(3-hydroxyphenyl) propane, and
2-(4-aminophenyl)-2-(4-hydroxyphenyl)propane; akanolamines such as ethanolamine and
diethanolamine; and 1-adamantylamine and N-methyl-l-adamantylamine, and further
examples of the nitrogen-containing heterocycle include imidazoles such as imidazole,
benzimidazole, 2-methylimidazole, 4-methylimidazole, 2-phenylimidazole, 4-phenylimidazole,
2-phenyl-4-methylimidazole, 2-methyl-4-phenylimidazole, 2-methylbenzimidazole, and
2-phenylbenzimidazole, indole, pyrrole, pyrazole, guanine, purine, pyrolidine, piperidine,
morpholine, and piperazine.
[0081] Examples of the amino compound (a2) include ethylenediamine,
tetramethylenediamine, hexamethylenediamine, 1,7-diaminoheptane, 1,8-diaminooctane,
1,9-diaminononane, 1,10-diaminodecane, 1,12-diaminododecane,
4, 4'-diaminodiphenylmethane,  4,4-diaminodiphenyl  ether, 4,4'-diaminobenzophenone,
2,2-bis(4-aminophenyl)propane, 2-(3-aminophenyl)-2-(4-aminophenyl)propane,
1,4-big[ 1-(4-aminophenyl)- 1-methylethyl]benzene,
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[,3-big[I-(4-aminophenyl)-I-methylethyl]benzene,  and adenine. Examples of the amino
compound (a3) include polymers such as 4,4'-diaminodiphenylamine, polyallylamine, and
polymetharylamine.

[0082] Examples of the amide group-containing compound include formamide,
N-methylformamide, acetamide, N-methylacetamide, propionamide, benzamide, pyrrolidone,
and N-methylbenzenesulfonamide. Examples of the urea compound include ures,
methylurea, 1,1-dimethylurea, 1,3-dimethylurea, 1,3-diphenylurea, and tri-n-butylthiourea.
[0083] Specific examples of the amino compound (a) and specific examples of the sulfur
atom-containing protective group (an -S-R5 group or an -S(0)R 5 group) are shown below.
[0084] (Examples of Amino Compound (a)) | |
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[0085] (Examples of Protective Group Containing Sulfur Atom)
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[0086] Specific examples of the nitrogen-containing compound of the present invention are
shown below, but the present invention is not limited thereto.
[Chem. 10]
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[0087] The molecular weight of the nitrogen-containing compound is preferably 2,000 or less,
more preferably 1,000 or less, still more preferably 750 or less, and most preferably 500 or
less.

[0088] The nitrogen-containing compound as described above may be used alone or in
combination of two or more kinds thereof.

[0089] The content of the nitrogen-containing compound of the present invention is preferably
0.001 to 20% by mass, more preferably 0.001 to 10% by mass, and particularly preferably
0.01 to 5% by mass, based on the total solid contents of the composition.

[0090] The method for preparing the nitrogen-containing compound of the present invention is
not particularly limited, and can be appropriately chosen according to a desired compound.
However, examples thereof include a method in which a nitrogen-bontaining compound
having an N-H bond is reacted with a sulfanyl halide (a compound having an -S-X group
(wherein X is a halogen atom)) or a sulfinyl halide (a compound having an -S(=0)-X group
(wherein X is ahalogen atom)) under a basic condition to incorporate N-S and N-SO bonds.
[0091] (2) Resin (Ab) Capable of Varying A Polarity Thereof by Action of Acid

[0092] The composition according to the present invention contains a resin (Ab) capable of
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varying apolarity thereof by the action of an acid.
[0093] Theresin (Ab) is aresin capable of varying a polarity thereof by the action of an acid,
and specifically, has an increased solubility in an alkali developer or adecreased solubility in a
developer having an organic solvent as amain component, by the action of an acid.
[0094] The resin (Ab) preferably has arepeating unit having an acid-decomposable group.
[0095] Examples of the acid-decomposable group include groups in which a hydrogen atom of
an alkali-soluble group is protected with a group capable of leaving by the action of an acid,
such as a carboxyl group, aphenolic hydroxyl group, a sulfonic acid group, and athiol group.
[0096] Examples of the group capable of leaving by the action of an acid incl ude'
-CRy)(R7)(R5), -C(R6)(Rs7)(ORyg), -C(=0)-0-C(R 16)(Ry)(Ry), -C(ROi)(Ro;)(ORy), and
-C(R,,)(Ro,)-C(-0)-O-C(R 39 (Ry7)(Rsy)-
[0097] In the formulage, Ry to Rs, each independently represent an alkyl group, a cycloalkyl
group, an aryl group, an aralkyl group, or an alkenyl group. R, and R;, may be bonded to
each other to form aring. Ry, to Ro, each independently represent a hydrogen atom, an alkyl
group, acycloakyl group, an aryl group, an aralkyl group, or an alkenyl group.
[0098] In one embodiment, the resin (Ab) preferably contains a repeating unit represented by
the following general formula (Al) asarepéating unit having an acid-decomposable group.

[Chem. 14]

Ao
RX3

[0099] In the general formula (Al),

Xai represents a hydrogen atom, a methyl group which may have a substituent, or a
group represented by -CHj-ro.  Rgrepresents a hydroxyl group or a monovalent organic
group. Examples of the monovalent organic group include an alkyl group having 5 or less
carbon atoms and an acyl group having 5 or less carbon atoms. Among these, an alkyl group
having 3 or less carbon atoms is preferred, and a methyl group is more preferred. Xai is
preferably a hydrogen atom, a methyl group, a trifluoromethyl group, or a hydroxymethyl
group.

[0100] T represents a single bond or a divalent connecting group.

- [0101] Rxi to Rx; each independently represent an alkyl group (linear or branched) or a
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cycloalkyl group (monocyclic or polycyclic). |
[0102] At least two members out of Rxi to Rxs may be bonded to each other to form a
cycloalkyl group (monocyclic or polycyclic).
[0103] Examples of the divalent connecting group of T include an alkylene group, a -COO-Rt-
group, and a -O-Rt- group. In the formulae, Rt represents an alkylene group or a
cycloalkylene group.
[0104] T is preferably a single bond or a-COO-Rt- group. Rt ispreferably an alkylene group
having 1 to 5 carbon atoms, and more preferably a -CH,- group, a -(CH,),- group, or a
-(CH,)4 group.
[0105] The akyl group of Rx; to Rxs is preferably an alkyl group having 1to 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 at-butyl group.
[0106] The cycloalkyl group of Ry, to Ry, is preferably 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.
[0107] The cycloalkyl group formed by the bonding of at least two members out of R; to R ,
is preferably a monocyclic cycloalkyl group such as a cyclopentyl group and a cyclohexyl
group, or apolycyclic cycloakyl group such as a norbornyl group, atetracyclodecanyl group,
atetracyclododecanyl group, and an adamantyl group.
[0108] An embodiment where Ryi is a methyl group or an ethyl group, and R , and Ry, are
bonded to each other to form the above-described cycloalkyl group is preferable.
[0109] The respective groups above may have a substituent, and examples of the substituent
include an akyl group (having 1to 4 carbon atoms), a halogen atom, a hydroxyl group, an
alkoxy group (having 1to 4 carbon atoms), a carboxyl group and an alkoxycarbonyl group
(having 2 to 6 carbon atoms), and the number of carbon atoms is preferably 8 or less.
[0110] In another embodiment, the resin (Ab) preferably contains at least one kind of repeating
units represented by the following general formulae (Al) and (A2).
[Chem. 15]
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[0117]] Inthe genera formula (Al ),

n represents an integer of 1to 5 and m represents an integer of 0 to 4, satisfying the
relationship of I<m+n<5.

[0112] Si represents a substituent (except for a hydrogen atom), and in the case where m is 2
or more, aplurality of Si'smay be the same as or different from each other.

[0113] Ai represents a hydrogen atom or a group capable of leaving by the action of an acid,
provided that at least one A, represents a group capable of leaving by the action of an acid.
In the case of n>2, aplurality of Ai's may be _the same as or different from each other.

[0114] Inthe general formula (A2),

X represents a hydrogen atom, an alkyl group, a hydroxyl group, an alkoxy group, a
halogen atom, a cyano group, a nitro group, an acyl group, an acyloxy group, a cycloakyl
group, a cycloalkyloxy group, an aryl group, a carboxy group, an akyloxycarbonyl group, an
alkylcarbonyloxy group, or an aralkyl group.

[0115] A, represents a group capable of leaving by the action of an acid.

[0116] First, the repeating unit represented by the general formula (Al) will be described.
[0117] n represents an integer of 1to 5, asdescribed above, preferably 1or 2, and particularly
preferably 1.

[0118] m represents an integer of O to 4, satisfying the relationship of | <m+n<5, as described
above, preferably 0 to 2, more preferably 0 or 1, and particularly preferably 0.

[0119] Si represents a substituent (except for a hydrogen atom), as described above.
Examples of the substituent include the same substituents as described with respect to Si in the
general formula (A) as described later.

[0120] A represents a hydrogen atom or a group capable of leaving by the action of an acid,
as described above, and at least one of A; is a group capable of leaving by the action of an
acid. |

[0121] Examples of the group capable of leaving by the action of an acid include tertiary alkyl
groups éuch as a t-butyl group and a t-amyl group, a t-butoxycarbonyl group, a

t-butoxycarbonylmethyl group, and an acetal group 'represented by formula -C(Li)(L )-0-Z ..
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[0122] Hereinbelow, the acetal group represented by formula -C(Li)(L,)-0-Z, will be
described.  In the formula, L, and L, each independently represent a hydrogen atom, an alkyl
group, a cycloalkyl group, or an aralkyl group. Z, represents an alkyl group, a cycloakyl
group, or an aralkyl group. Further, Z, and L; may be bonded to each other to form a 5- or
6-membered ring.
[0123] The akyl group may be a linear alkyl group or abranched alkyl group.
[0124] Asthe linear alkyl group, one having 1to 30 carbon atoms is preferred, and one having
1to 20 carbon atoms is more preferred.  Examples of the linear alkyl group include a methyl
group, an ethyl group, an n-propyl group, an n-butyl group, a sec-butyl group, at-butyl group,
an n-pentyl group, an n-hexyl group, an n-heptyl group, an n-octyl group, an n-nonyl group,
and an n-decanyl group.
[0125] As the branched alkyl group, one having 3 to 30 carbon atoms is preferred, and one
having 3 to 20 carbon atoms is more preferred. Examples of the branched alkyl group
include an i-propyl group, an i-butyl group, at-butyl group, an i-pentyl group, at-pentyl group,
an i-hexyl group, at hexyl group, an i-heptyl group, a t-heptyl group, an i-octyl group, a
t-octyl group, an i-nonyl group, and at-decanoyl group.
[0126] These alkyl groups may further have a substituent. Examples of the substituent
include a hydroxyl group; halogen atoms such as fluorine, chlorine, bromine and iodine atoms;
a nitro group; a cyano group; an amide group; a sulfonamide group; alkyl groups 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;
alkoxy groups such as a methoxy group, an ethoxy group, a hydroxyethoxy group, a propoxy
group, a hydroxypropoxy group and a butoxy group; alkoxycarbonyl groups such as a
methoxycarbony! group and an ethoxycarbonyl group; acyl groups such as a formyl group, an
acetyl group, and a benzoyl group; acyloxy groups such as an acetoxy group and a butyryloxy
group, and a carboxy group.
[0127] As the akyl group, an ethyl group, an isopropyl group, an isobutyl group, a
cyclohexylethyl group, a phenylmethyl group, or a phenylethyl group is particularly
preferable.
[0128] The cycloalkyl group may be monocyclic or polycyclic, and in the case where the
cycloaky! group is polycyclic, it may be a crosslinked cycloalkyl group. That is, in this case,
the cycloalkyl group may have a bridged structure. Further, parts of carbon atoms in the

cycloalkyl group may be substituted with heteroatoms such as an oxygen atom.
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[0129] The monocyclic cycloalkyl group is preferably a cycloalkyl group having 3to 8 carbon
atoms. Examples of the cycloalkyl group include a cyclopropyl group, acyclopentyl group, a
cyclohexyl group, acyclobutyl group, and a cyclooctyl group.
[0130] Examples of the polycyclic cycloalkyl group include groups having abicyclo structure,
atricyclo structure, or atetracyclo structure. Asthe polycyclic cycloalkyl group, one having
6 to 20 carbon atoms is preferable.  Examples of such cycloalkyl group include an adamantyl
group, a norbornyl group, an isobornyl group, a camphanyl group, a dicyclopentyl group, an
apinanyl group, a tricyclodecanyl group, a tetracyclododecyl group, and an androstanyl
group.
[0131] Examples of the aralkyl group in Li, L, and Z; include those having 7 to 15 carbon
atoms, such as abenzyl group and a phenethyl group.
[0132] These arakyl groups may further have a substituent. Preferred examples of the
substituent include an alkoxy group, ahydroxyl group, a halogen atom, anitro group, an acyl
group, an acylamino group, a sulfonylamino group, an akylthio group, an arylthio group and
an aralkylthio group. Examples of the aralkyl group having a substituent include an
alkoxybenzyl group, a hydroxybenzyl group and a phenylthiophenethyl group. Further, the
number of carbon atoms of the substituent which the aralkyl group may have is preferably 12
or less.
[0133] Examples of the 5- or 6-membered ring in which Z, and Li are bonded to each other
include a tetrahydropyran ring and a tetrahydrofuran ring. Among these, a tetrahydropyran
ring is particularly preferred.
[0134] Z, is preferably a linear or branched akyl group. Through this, the effect of the
present invention becomes more apparent.
[0135] Specific examples of the repeating unit represented by the general formula (Al) are
shown below, but the present invention is not limited thereto.
[Chem. 16]
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[0136] Next, the repeating unit represented by the general formula (A2) will be described.
[0137] X represents a hydrogen atom, an alkyl group, a hydroxyl group, an alkoxy group, a
halogen atom, a cyano group, a nitro group, an acyl group, an acyloxy group, a cycloalkyl
group, a cycloalkyloxy group, an aryl group, a carboxy group, an alkyloxycarbonyl group, an
alkylcarbonyloxy group, or an aralkyl group, as described above.

[0138] The akyl group as X may have a substituent and may be either linear or branched.
The linear akyl group is preferably an akyl vgroup having 1 to 30 carbon atoms, more
preferably 1to 20 carbon atoms, and examples thereof include a methyl group, an ethyl group,
an n-propyl group, an n-butyl group, a sec-butyl group, at-butyl group, an n-pentyl group, an
n-hexyl group, an n-heptyl group, an n-octyl group, an n-nonyl group, and an n-decanyl group.
The branched alkyl group is preferably an alkyl group having 3 to 30 carbon atoms, and more

preferably an akyl group having 3 to 20 carbon atoms, and examples thereof include an
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i-propyl group, an i-butyl group, at-butyl group, an i-pentyl group, at-pentyl group, an i-hexyl
group, at-hexyl group, an i-heptyl group, at-heptyl group, an i-octyl group, at-octyl group, an
i-nonyl group, and at-decanoy! group.
[0139] The akoxy group as X may have a substituent, and it is, for example, an alkoxy group
having 1to 8 carbon atoms, examples of which include a methoxy group, an ethoxy group, a
propoxy group, a butoxy group, a pentyloxy group, a hexyloxy group, and a cyclohexyloxy
group.
[0140] Examples of the halogen atom as X include a fluorine atom, a chlorine atom, a bromine
atom and an iodine atom, and a fluorine atom is preferable.
[0141] The acyl group as X may have a substituent, and it is, for example, an acyl group
having 2 to 8 carbon atoms, specific examples of which preferably include aformyl group, an
acetyl group, apropanoyl group, abutanoyl group, apivaoyl group and abenzoyl group.
[0142] The acyloxy group as X may have a substituent, and it is, for example, an acyloxy
groups having 2 to 8 carbon atoms, examples of which include an acetoxy group, a
propionyloxy group, a butylyloxy group, a valeryloxy group, a pivaloyloxy group, a
hexanoyloxy group, an octanoyloxy group, and abenzoyloxy group.
[0143] The cycloalkyl group as X may have a substituent and may be monocyclic or
polycyclic, and in the case of polycyclic, the cycloalkyl group may be a crosslinked cycloalkyl
group. That is, in this case, the cycloalkyl group may have a bridged structure. The
monocyclic cycloalkyl group is preferably a cycloalkyl group having 3 to 8 carbon atoms, and
examples thereof include a cyclopropyl group, a cyclopentyl group, a cyclohexyl group, a
cyclobutyl group, and a cyclooctyl group. The polycyclic cycloalkyl group includes a group
having abicyclo structure, atricyclo structure, atetracyclo structure, and the like and having 5
or more carbon atoms, and a cycloakyl group having 6 to 20 carbon atoms is preferable.
Examples thereof include an adamantyl group, a norbornyl group, an isobornyl group, a
camphanyl group, a dicyclopentyl group, an a-pinanyl group, a tricyclodecanyl group, a
tetracyclododecyl group, and an androstanyl group. Further, a part of carbon atoms in the
cycloakyl group may be substituted with a heteroatom such as an oxygen atom.
[0144] The aryl group as X may have a substituent, and is preferably an aryl group having 6 to
14 carbon atoms. Examples thereof include a phenyl group, a xylyl group, atolyl group, a
cumenyl group, anaphthyl group, and an anthracenyl group.
[0145] The akyloxycarbonyl group as X may have a substituent, and is preferably an

alkyloxycarbonyl group having 2 to 8 carbon atoms. Examples thereof include a
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methoxycarbonyl group, an ethoxycarbonyl group, and a propoxycarbonyl group.
[0146] The akylcarbonyloxy group as X may have a substituent, and is preferably an
alkylcarbonyloxy group having 2 to 8 carbon atoms. Examples thereof include a
methylcarbonyloxy group and an ethylcarbonyloxy group.
[0147] The arakyl group as X may have a substituent, and is preferably an aralkyl group
having 7 to 16 carbon atoms. Examples thereof include abenzyl group.
[0148] Examples of the substituent which the alkyl group, the alkoxy group, the acyl group,
the cycloalkyl group, the aryl group, the alkyloxycarbonyl group, the alkylcarbonyloxy group,
or the aralkyl group as X may further have include a hydroxyl group, a fluorine atom, a
chlorine atom, a bromine atom, an iodine atom, an akyl group, a hydroxyl group, an alkoxy
group, a halogen atom, a cyano group, a nitro group, an acyl group, an acyloxy group, a
cycloalkyl group, an aryl group, a carboxyl group, an akyloxycarbonyl group, an
alkylcarbonyloxy group, and an aralkyl group.
[0149] A, represents a group capable of leaving by the action of an acid, as described above.
That is, the repeating unit represented by the general formula (A2) is provided with a group
represented by "-COOA," as the acid-decomposable group. Examples of A, include the
same groups as described with respect to Ai in the general formula (A1) above.
[0150] A, is preferably a hydrocarbon group (preferably having 20 or less carbon atoms, and
more preferably having 4 to 12 carbon atoms), and more preferably a t-butyl group, at-amyl
group, or a hydrocarbon group having an alicyclic structure (for example, an alicyclic group
itself, and a group having the alkyl group substituted with an alicyclic group).
[0151] A, ispreferably atertiary alkyl group or atertiary cycloakyl group.
[0152] The alicyclic structure may be monocyclic or polycyclic, and specific examples thereof
include groups having a monocyclo structure, a bicyclo structure, atricyclo structure, and a
tetracyclo structure, each having 5 or more carbon atoms. The number of carbon atoms is
preferably 6 to 30, and particularly preferably 7 to 25. The hydrocarbon group having the
alicyclic structure may have a substituent.
[0153] Examples of the alicyclic structure are shown below.
[Chem. 18]
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[0154] In the present invention, among these alicyclic structures, preferred examples of the
groups, as denoted in terms of the monovalent alicyclic group, incl ude an adamantyl group, a
noradamantyl group, a decalin residue, atricyclodecanyl group, atetracyclododecanyl group, a
norbornyl group, acedrol group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group,
a cyclodeéanyl group and a cyclododecanyl group, and more preferred examples thereof
include an adamantyl group, a decalin residue, anorbornyl group, a cedrol group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl group, a cyclodecanyl group and a cyclododecanyl
group.

[0155] Examples of the substituent which the alicyclic ring in these structures may have
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include an alkyl group, a halogen atom, a hydroxyl group, an alkoxy group, a carboxyl group,
and an alkoxycarbonyl group. The akyl group is preferably a lower akyl group such as a
methyl group, an ethyl group, apropyl group, an isopropyl group and abutyl group, and more
preferably a methyl group, an ethyl group, apropyl group or an isopropyl group. The alkoxy
group includes an alkoxy group having 1to 4 carbon atoms, such as a methoxy group, an
ethoxy group, a propoxy group and a butoxy group. The akyl group and the alkoxy group
each may further have a substituent, and examples of the substituent which the alkyl group and
alkoxy group may further have include a hydroxyl group, ahalogen atom and an alkoxy group.
[0156] The acid-decomposable group having an alicyclic structure is preferably a group
represented by any one of the following formulae (pi) to (pV):

[Chem. 20]
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[0157] In the general formulae (pi) to (pV),
[0158] Rii represents a methyl group, an ethyl group, an n-propyl group, an isopropyl group,

an n-butyl group, an isobutyl group or a sec-butyl group, and Z represents an atomic group
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necessary for forming an alicyclic hydrocarbon group together with the carbon atom.
[0159] R, to Rig €ach independently represent a linear or branched alkyl group having 1to 4
carbon atoms or an alicyclic hydrocarbon group, provided that at least one of R;, to Ri, or
either one of Ri; and Rig represents an alicyclic hydrocarbon group.
[0160] Ri; to R,; each independently represent a hydrogen atom, a linear or branched alkyl
group having 1to 4 carbon atoms or an alicyclic hydrocarbon group, provided that at least one
of R; to R,i represents an aicyclic hydrocarbon group. Further, either one of Ri, and R,i
represents a linear or branched alkyl group having 1 to 4 carbon atoms or an alicyclic
hydrocarbon group.
[0161] R,, to R, each independently represent a hydrogen atom, a linear or branched akyl
group having 1to 4 carbon atoms or an alicyclic hydrocarbon group, provided that at least one
of R,, to R represents an alicyclic hydrocarbon group. Further, R,; and R,, may be bonded
to each other to form aring.
[0162] In the general formulae (pi) to (pV), the akyl group of Ri, to R,s is a linear or
branched akyl group having from 1 to 4 carbon atoms, which may be substituted or
unsubstituted, and examples of the alkyl group include a methyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl group and
at-butyl group.
[0163] Furthermore, examples of the substituent which the alkyl group may further have
include an alkoxy group having 1to 4 carbon atoms, a halogen atom (a fluorine atom, a
chlorine atom, a bromine atom, and an iodine atom), an acyl group, an acyloxy group, acyano
group, ahydroxyl group, a carboxy group, an alkoxycarbonyl group and anitro group.
[0164] Examples of the alicyclic hydrocarbon group in Ry; to R,. and the alicyclic
hydrocarbon group formed by Z together with the carbon atom include the same groups
mentioned above asthe alicyclic structure.
[0165] In one embodiment, the repeating unit represented by the general formula (A2) is
preferably arepeating unit represented by the following formula. |
[Chem. 21]

?Hs
'('CHz_CI?')— CHs
Co,

CH,

CHjy

[0166] Furthermore, in another embodiment, the repeating unit represented by the general
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formula (A2) is preferably a repeating unit represented by the general formula (A3) shown
below:
[Chem. 22]

R
—(—CHz—é9—
' |.l1 (A3)
COZ-(')-AR
Rn
[0167] In the general formula (A3),
AR represents an aryl group.
[0168] Rn represents an akyl group, a cycloalkyl group, or an aryl group. Rn and AR may
be bonded to each other to form anon-aromatic ring.
[0169] R represents a hydrogen atom, an akyl group, a cycloalkyl group, a halogen atom, a
cyano group, or an akyloxycarbonyl group.
[0170] The repeating unit represented by the general formula (A3) will be described in detail.
[0171] AR represents an aryl group as described above. As the aryl group of AR, those
having 6 to 20 carbon atoms, such asaphenyl group, anaphthyl group, an anthryl group, or a
fluorene group are preferred, and those having 6 to 15 carbon atoms are more preferred.
[0172] In the case where AR is a naphthyl group, an anthryl group, or a fluorene group, the
bonding site between AR and the carbon atom to which Rn is bonded is not particularly
limited. For example, when AR is a naphthyl group, the carbon atom may be bonded to the
a-position or the B-position of the naphthyl group, or when AR is an anthryl group, the carbon
atom may be bonded to the 1-position, the 2-position or the 9-position of the anthryl group.
[0173] The aryl group as AR each may have one or more substituents.  Specific examples of
the substituent include a linear or branched alky group having 1to 20 carbon atoms, such as a
methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, at-butyl group, apentyl group, a hexyl group, an octyl group, and a dodecyl
group, an akoxy group containing such an alkyl group moiety, a cycloalkyl group such as
cyclopentyl group and cyclohexyl group, a cycloakoxy group containing such a cycloalkyl
group moiety, a hydroxyl group, a halogen atom, an aryl group, a cyano group, a nitro group,
an acyl group, an acyloxy group, an acylamino group, a sulfonylamino group, an akylthio
group, an arylthio group, an arakylthio group, a thiophenecarbonyloxy group, a
thiophenemethylcarbonyloxy group, and a heterocyclic residue such as a pyrrolidone residue.

The substituent is preferably alinear or branched akyl group having 1to 5 carbon atoms or an
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alkoxy group containing such an alkyl group moiety, and more preferably a paramethyl group
or a paramethoxy group.
[0174] In the case where the aryl group as AR has a plurality of substituents, at least two
members out of the plurality of substituents may be bonded to each other to form aring. The
ring is preferably a 5- to 8-membered ring, more preferably a 5- or 6-membered ring. The
ring may be also a heterocycle containing a heteroatom such as an oxygen atom, a nitrogen
atom and a sulfur atom in the ring members.
[0175] Furthermore, this ring may have a substituent. Examples of the substituent are the
same as those described later for the further substituent which Rn may have.
[0176] Moreover, in view of the roughness performance, the repeating unit represented by the
general formula (A3) preferably contains two or more aromatic rings.  Usually, the number of
aromatic rings contained in the repeating unit is preferably 5 or less, and more preferably 3 or
less.
[0177] In addition, in view of the roughness performance, in the repeating unit represented by
the general formula (A3), AR preferably contains two or more aromatic rings, and AR is more
preferably a naphthyl group or a biphenyl group. Usually, the number of the aromatic rings
contained in AR ispreferably 5 or less, and more preferably 3 or less.
[0178] Asdescribed above, Rn represents an alkyl group, acycloakyl group or an aryl group.
[0179] The alkyl group of Rn may be a linear alkyl group or a branched akyl group. The
alkyl group is preferably an alky group having 1to 20 carbon atoms, such as a methyl group,
an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a
t-butyl group, apentyl group, a hexyl group, a cyclohexyl group, an octyl group, and a dodecy!
group. The alkyl group of Rn is preferably an alkyl group having 1to 5 carbon atoms, and
more preferably an akyl group having 1to 3 carbon atoms.
[0180] Examples of the cycloalkyl group of Rn include a cycloalkyl group having 3 to 15
carbon atoms, such as a cyclopentyl group and a cyclohexyl group.
[0181] The aryl group of Rn is preferably, for example, an aryl group having 6 to 14 carbon
atoms, such as aphenyl group, axylyl group, atolyl group, a cumenyl group, anaphthyl group
and an anthryl group.
[0182] Each of the akyl group, the cycloalkyl group, and the aryl group as Rn may further
have a substituent. Examples of the substituent include an alkoxy group, a hydroxyl group, a
halogen atom, a nitro group, an acyl group, an acyloxy group, an acylamino group, a

sulfonylamino group, dialkylamino group, an alkylthio group, an arylthio group, an aralkylthio
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group, athiophenecarbonyloxy group, athiophenemethylcarbonyloxy group, and heterocyclic
residues such as a pyrrolidone residue. Among these, an akoxy group, a hydroxyl group, a
halogen atom, a nitro group, an acyl group, an acyloxy group, an acylamino group, and a
sulfonylamino group are particularly preferred. ‘
[0183] Asdescribed above, R represents a hydrogen atom, an alkyl group, a cycloalkyl group,
ahalogen atom, a cyano group or an alkyloxycarbonyl group.
[0184] Examples of the akyl group and the cycloalkyl group of R are the same as those
described above for Rn. Each of these alkyl groups and cycloalkyl groups may have a
substituent. Examples of this substituent are the same as those described above for Rn.
[0185] In the case where R is an alkyl group or a cycloakyl group having a substituent,
particularly preferred examples of R include a trifluoromethyl group, an akyloxycarbonyl
methyl group, an alkylcarbonyloxymethyl group, a hydroxymethyl group and an alkoxymethyl
group.
[0186] The halogen atom of R includes a fluorine atom, a chlorine atom, a bromine atom and
an iodine atom, ahd among these, the fluorine atom is particularly preferable.
[0187] Asthe alkyl group moiety contained in the alkyloxycarbonyl group of R, for example,
the configuration described above asthe akyl group of R may be employed.
[0188] Rn and AR are preferably bonded to each other to form a non-aromatic ring and in this
case, particularly the roughness performance can be more improved.
[0189] The non-aromatic ring which may be formed by the mutual bonding of Rn and AR is
preferably a 5- to 8-membered ring, and more preferably a 5- or 6-membered ring.
[0190] The non-aromatic ring may be an aliphatic ring or a heterocycle containing a
heteroatom such as an oxygen atom, a nitrogen atom and a sulfur atom, as a ring member.
[0191] The non-aromatic ring may have a substituent. Examples of the substituent are the
same as those described above with respect to the further substituent which Rn may have.
[0192] Specific examples of the monomer corresponding to the repeating unit represented by
the general formula (A2) and specific examples of the repeating units are illustrated below, but
the present invention is not limited thereto.
[Chem. 23]
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[0193] Specific examples of the repeating unit represented by the genera formula (A3) are

3

illustrated below, but the present invention is not limited thereto.
[Chem. 28]
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[0194] Among these, the repeating units shown below are preferred.
[Chem. 36]
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[0195] In one embodiment, the repeating unit represented by the general formula (A2) is
preferably arepeating unit of t-butyl methacrylate or ethylcyclopentyl methacrylate.
[0196] The monomer corresponding to the repeating unit represented by the genera formula
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(A2) can be synthesized by esterifying a (meth)acrylic acid chloride and an alcohol compound
in a solvent such as THF, acetone, and methylene chloride, in the presence of a basic catalyst
~such as triethylamine, pyridine and DBU. A commercialy available product may aso be
used.
[0197] The resin (Ab) may further contain a repeating unit represented by the following
general formula (A5).
[Chem. 38]

X
'GCHZ“‘%‘)‘ (A5)

CO,—Ay

[0198] Inthe forleIa (A5),

X represents a hydrogen atom, an alkyl group, a hydroxyl group, an akoxy group, a
halogen atom, a cyano group, a nitro group, an acyl group, an acyloxy group, a cycloalkyl
group, an aryl group, a carboxyl group, an alkyloxycarbonyl group, an alkylcarbonyloxy group,
or an aralkyl group, which isthe same as X in the general formula (A2b).

[0199] A , represents a hydrocarbon group incapable of leaving by the action of an acid.

[0200] In the general formula (A5), examples of the hydrocarbon group incapable of leaving
by the action of an acid of A, include hydrocarbon groups other than the above-described
acid-decomposable groups, for example, an alkyl group not leaving by the action of an acid
(preferably having 1 to 15 carbon atoms), a cycloalkyl group incapable of leaving by the
action of an acid (preferably having 3 to 15 carbon atoms), and an aryl group incapable of
leaving by the action of an acid (preferably having 6 to 15 carbon atoms).

[0201] The hydrocarbon group incapable of leaving by the action of an acid of A, may be
further substituted with a hydroxyl group, an alkyl group, acycloalkyl group, an aryl group, or
the like.

[0202] It is also preferable for the resin (Ab) to further have arepeating unit represented by the
general formula (A6).

[Chem. 39]

—CHy|— (A6)

- [0203] In the genera formula (A6),
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R, represents a hydrogen atom, a methyl group, a cyano group, a halogen atom, or a
perfluoro group having 1to 4 carbon atoms. _
[0204] Rs represents a hydrogen atom, an alkyl group, a cycloalkyl group, a halogen atom, an
aryl group, an alkoxy group, or an acyl group.
[0205] q represents an integer of O to 4.
[0206] Ar represents a (g+2)-valent aromatic ring.
[0207] W represents a group incapable of decomposing by the action of an acid, or ahydrogen
atom.
[0208] The aromatic ring represented by Ar is preferably abenzene ring, a naphthalene ring, or
an anthracene ring, and more preferably abenzene ring.
[0209] W represents a group incapable of decomposing under the action of an acid (also
referred to as an "acid-stable group"), examples thereof include groups other than the
above-described acid-decomposable groups, and specific examples thereof include a halogen
atom, an akyl group, a cycloalkyl group, an akenyl group, an aryl group, an acyl group, an
alkylamide group, an arylamidomethyl group, and an arylamide group. The acid-stable
group is preferably an acyl group or an alkylamide group, more preferably an acyl group, an
alkylcarbonyloxy group, an akyloxy group, acycloalkyloxy group, or an aryloxy group.
[0210] In the acid-stable group of W, the alkyl group is preferably one having 1to 4 carbon
atoms, such as a methyl group, an ethyl group, apropyl group, an n-butyl group, a sec-butyl
group, and at-butyl group; the cycloakyl group is preferably one having 3to 10 carbon atoms,
such as a cyclopropyl group, a cyclobutyl group, acyclohexyl group, and an adamantyl group;
the akenyl group is preferably one having 2 to 4 carbon atoms, such as a vinyl group, a
propenyl group, an alyl group, and a butenyl group; the alkenyl group is preferably one
having 2 to 4 carbon atoms, such as a vinyl group, a propenyl group, an alyl group, and a
butenyl group; and the aryl group is preferably one having 6 to 14 carbon atoms, such as a
phenyl group, a xylyl group, a tolyl group, a cumenyl group, a naphthyl group, and an
anthracenyl group. W may be at any position of the benzene ring, but is preferably at the
meta- or para-position of the styrene skeleton, and particularly preferably at the para position,
arylamidemethyl Specific examples of the repeating unit represented by the general formula
(A6) are shown below, but the present invention isnot limited thereto.
[Chem. 40]
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[0211] It is also preferable that the resin (Ab) further have a repeating unit including a
(meth)acrylic acid derivative incapable of decomposing by the action of an acid. Specific
examples thereof are shown below, but the present invention is not limited thereto.

[Chem. 43]
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[0212] The content of the repeating units having the acid-decomposable groups in the resin
(Ab) is preferably from 5 to 95% by mole, more preferably from 10 to 60% by mole, and
particularly preferably 15 to 50% by mole, based on all the repeating units.
[0213] The content of repeating unit represented by the general formula (Al) in the resin (Ab)
is preferably from 0 to 90% by mole, more preferably from 10 to 70% by mole, and
particularly preferably from 20 to 50% by mole, based on all the repeating units.
[0214] The content of repeating unit represented by the general formula (A2) in the resin (Ab)
ispreferably from O to 90% by mole, more preferably from 5to 75% by mole, and particularly
preferably from 10 to 60% by mole, based on all the repeating units.
[0215] The content of repeating unit represented by the general formula (A3) in the resin (Ab)
ispreferably from 0 to 90% by mole, more preferably from 5to 75% by mole, and particularly
preferably from 10 to e0%o by mole, based on all the repeating units.
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[0216] The content of repeating unit represented by the general formula (A5) in the resin (Ab)
ispreferably from O to 50% by mole, more preferably from 0 to 40% by mole, and particularly
preferably from 0 to 30% by mole, based on all the repeating units.
[0217] The resin (Ab) may further contain a repeating unit represented by the following
genera formula (A6), which is preferable from the viewpoints of enhancing the film quality
and suppressing the film loss in the unexposed area. The content of repeating unit
represented by the general formula (A6) in the resin (Ab) ispreferably from 0 to 50% by mole,
more preferably from O to 40% by mole, and particularly preferably from 0 to 30% by mole,
based on all the repeating units.
[0218] Furthermore, the resin (Ab) may be copolymerized with other appropriate
polymerizable monomers to incorporate an alkali-soluble group, for example, a phenolic
hydroxyl group or a carboxyl group for the purpose of maintaining good developability with
an alkali developer, or may be copolymerized with other appropriate hydrophobic
polymerizable monomers such as alkyl acrylate and akyl methacrylate for the purpose of
enhancing the film quality.
[0219] The monomer corresponding to the repeating unit represented by the general formula
(A2) can be synthesized by esterifying a (meth)acrylic acid chloride and an acohol compound
in a solvent such as THF, acetone, and methylene chloride, in the presence of a basic catalyst
such as triethylamine, pyridine, and DBU. Further, a commercially available product may
also be used.
[0220] The monomer corresponding to the repeating unit represented by the general formula
(Al) may be synthesized by acetalizing a hydroxy-substituted styrene monomer and a vinyl
ether compound in a solvent such as THF and methylene chloride, in the presence of an acidic
catalyst such as p-toluenesulfonic acid and pyridine p-toluenesulfonate, or by effecting t-Boc
protection using t-butyl dicarboxylate in the presence of abasic catalyst such as triethylamine,
pyridine and DBU. A commercially available product may also be used.
[0221] In one embodiment, the resin (Ab) preferably contains a repeating unit represented by

the following general formula (A).

[Chem. 44]
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[0222] Here, n represents an integer of 1to 5 and m represents an integer'of 0 to 4, satisfying
the relationship of I<m+n<5. nispreferably 1or 2, and more preferably 1. m ispreferably
Oto 2, more preferably 0 or 1, and particularly preferably 0.
[0223] Si represents a substituent.  In the case where m is 2 or more, a plurality of Si's may
be the same as or different from each other.
[0224] Examples of the substituent represented by Si include an alkyl group, an alkoxy group,
an acyl group, an acyloxy group, an aryl group, an aryloxy group, an arakyl group, an
aralkyloxy group, a hydroxy group, a halogen atom, a cyano group, a hitro group, a
sulfonylamino group, an alkylthio group, an arylthio group, and an aralkylthio group.
[0225] For example, the alkyl group or the cycloakyl group is preferably a linear or branched
alkyl group or a cycloakyl group, each having 1to 20 carbon atoms, such as a methyl group,
an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a
t-butyl group, apentyl group, acyclopentyl group, a hexyl group, a cyclohexyl group, an octyl
group, and adodecy! group. These groups may further have a substituent.
[0226] Preferred examples of the substituent which these groups each may further have
include an akyl group, an alkoxy group, a hydroxyl group, a halogen atom, a nitro group, an
acyl group, an acyloxy group, an acylamino group, a sulfonylamino group, an akylthio group,
an arylthio group, an aakylthio group, a thiophenecarbonyloxy group, a
thiophenemethylcarbonyloxy group, and heterocyclic residues such as a pyrrolidone residue.
The substituent is preferably a substituent having 12 or less carbon atoms.
[0227] Examples of the akyl group having a substituent include a cyclohexylethyl group, an
alkylcarbonyloxymethyl group, an alkylcarbonyloxyethyl group, a
cycloakylcarbonyloxymethyl group, a  cycloakylcarbonyloxyethyl group, an
arylcarbonyloxyethyl group, an arakylcarbonyloxyethyl group, an akyloxymethyl group, a
cycloakyloxymethyl group, an aryloxymethyl group, an arakyloxymethyl group, an
alkyloxyethyl group, a cycloalkyloxyethyl group, an aryloxyethyl grdup, an aralkyloxyethyl
group, an akylthiomethyl group, a cycloakylthiomethyl group, an arylthiomethyl group, an
aralkylthiomethyl group, an akylthioethyl group, a cycloalkylthioethyl group, an arylthioethyl
group, and an arakylthioethyl group.
[0228] The alkyl group or the cycloakyl group in these groups is not particularly limited, and
may further have the above-described substituent such as an akyl group, a cycloakyl group,
and an alkoxy group. |

[0229] Examples of the akylcarbonyloxyethyl group and the cycloakylcarbonyloxyethyl
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group include a cyclohexylcarbonyloxyethyl group, a t-butylcyclohexylcarbonyloxyethyl
group, and an n-butylcyclohexylcarbonyloxyethyl group.
[0230] The aryl group is also not particularly limited, but generally includes an aryl group
having 6 to 14 carbon atoms, such as a phenyl group, axylyl group, atolyl group, a cumenyl
group, anaphthyl group, and an anthracenyl group, and may further have the above-described
substituent such as an alkyl group, a cycloalkyl group, and an alkoxy group.
[0231] Examples of the aryloxyethyl group include a phenyloxyethyl group and a
cyclohexylphenyloxyethyl group. These groups each may further have a substituent.
[0232] The aralkyl is aso not particularly limited but examples thereof include a benzyl group.
[0233] Examples of the arakylcarbonyloxyethyl group include a benzylcarbonyloxyethyl
group. These groups each may further have a substituent.
[0234] Examples of the repeating unit represented 'by the general formula (A) include the
following.
[Chem. 45]

[0235] In one embodiment, the resin (Ab) preferably at least contains a repeating unit
represented by the following formula as the repeating unit represented by the general formula
(A).

[Chem. 46]
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OH
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[0236] The content of repeating unit represented by the general formula (A) in the resin (Ab)
is preferably from 0 to 90% by mole, more preferably from 5 to 80% by mole, still more
preferably from 10 to 70% by mole, and particularly preferably from 20 to 60% by mole,
based on all the repeating units in the resin (Ab).
[0237] It is dso preferable that the resin (Ab) have repeating units represented by the
following general formulae. In the following general formulae, j represents an integer of 0 to
3, preferably an integer of Oto 2, and more preferably O or 1.
[Chem. 47]
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[0238] Specific examples of the repeating units represented by these general formulae are
shown below.
[Chem. 48]



WO 2013/100158 PCT/JP2012/084249

ToHCry CHCHy- {CH-CH)-
Ko

(OH); =|= (OH)j
(OH)j

+-CH,-cH - ~-CH~CH Y-
@ = C NS
N Y (P

(OH)

~-CHy- CH-}— ~{-cH,~cH Y-

L ” +CH“

-FcHcHy- H-cH, ~CH}»  ~{-CH,~CH

:1\

~-cH-cH- {-cH,- CH-}° -{-cHp-CH)-  {-CH,—cCH

kN

[0239] In one embodiment, the resin (Ab) may contain a repeating unit (B) including a

(OH)j

+cH-cH)-

structural moiety capable of decomposing by irradiation with actinic rays or radiation to
generate an acid (hereinafter referred to as an "acid-generating repeating unit (B)" or a
"repeating unit (B)").

[0240] The structural moiety may be, for example, a structural moiety capable of decomposing
by irradiation with actinic rays or radiation to generate an acid anion in the repeating unit (B),
or a structural moiety capable of discharging an acid anion to generate a cation structure in the
repeating unit (B).

[0241] Furthermore, this structural moiety is preferably, for example, an ionic structural
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moiety including a sulfonium salt structure or an iodonium salt structure.
[0242] This structural moiety may be, for example, a structural moiety such as a structural
moiety represented by A in the general formulae (Bl), (B2), and (B3) shown below.
[0243] In one embodiment, it is preferable that the repeating unit (B) be at least one selected
from the group consisti ng of repeating units of the following general formulae (Bl), (B2) and
(B3). Among these, the repeating unit represented by the following general formula (Bl) or
(B3) is more preferred, and the repeating unit represented by the following general formula
(Bl) isparticularly preferred.
[Chem. 49]
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[0244] In the genera formulae (Bl), (B2) and (B3),

A represents a structural moiety capable of decomposing by irradiation with actinic
rays or radiation to generate an acid anion.
[0245] Rg,, Rog and Ro, to Rog €ach independently represent a hydrogen atom, an alkyl group,
acycloakyl group, ahalogen atom, a cyano group, or an alkoxycarbonyl group.
[0246] Rgs represents a cyano group, a carboxyl group, -CO-OR,. or -CO-N(Ry)(R27),
wherein R,s represents an akyl group, a cycloakyl group, an alkenyl group, a cycloakenyl
group, an aryl group or an aralkyl group, and Ry and R,, each independently represent a
hydrogen atom, an alkyl group, acycloakyl group, an alkenyl group, a cycloalkenyl group, an
aryl group or an aralkyl group, provided that R,s and R,; may be bonded to each other to form
aring together with the N atom.
[0247] X, X, and X; each independently represent a single bond, an arylene group, an
akylene group, a cycloalkylene group, -0-, -S0 ,-, -CO-, -N(Rs,)-, or a divalent connecting
group formed by a combination of two or more of these, wherein R;, represents a hydrogen
atom, an alkyl group, a cycloakyl group, an akenyl group, a cycloalkenyl group, an aryl
group, or an aralkyl group.
[0248] The alkyl group of ro4, Ro5 and Ro7 to Ro9 is preferably one having 20 or less carbon

atoms, and more preferably one having 8 or less carbon atoms. Examples of the alkyl group
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include 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.
Further, these alkyl groups may further have a substituent.
[0249] The cycloalkyl group of Rg,, Ros and Rg7 to Rge may be monocyclic or polycyclic.
This cycloalkyl group is preferably one having 3 to 8 carbon atoms. Examples of the
cycloalkyl group include acyclopropyl group, acyclopentyl group or acyclohexyl group.
[0250] Examples of the halogen atom of rg,, Ros and RO7 to RO; include a fluorine atom, a
- chlorine atom, a bromine atom, and an iodine atom. Among these, a fluorine atom is
particularly preferred.
[0251] The alkyl group contained in the alkoxycarbonyl group of Ro4, Ro; and Ry, t0 ROy iS
preferably, for example, any of those set forth above as the alkyl group of Ro,, Ro5 and r g to
Ro9-
[0252] The akyl groups of R s to Ry, and R, are preferably, for example, those set forth
above asbeing of Rg,, Ro5 and Ry, t0 Ryo.
[0253] The cycloakyl groups of R, to R,7 and R; are preferably, for example, those set forth
above as being of Rgy,, Rgs and r o7 to Roo.
[0254] The akenyl group of R,s to R,; and R4, is preferably one having 2 to 6 carbon atoms.
Examples of the akenyl group include a vinyl group, a propenyl group, an alyl group, a
butenyl group, apentenyl group, and a hexenyl group.
[0255] The cycloalkenyl group of Rys to R,; and Rrs3 is preferably one having 3 to 6 carbon |
atoms. Examples of the cycloalkenyl group include a cyclohexenyl group.
[0256] The aryl group of R,; to R,; and Ri; may be a monocyclic aromatic group or a
polycyclic aromatic group. This aryl group is preferably one having 6 to 14 carbon atoms.
A substituent may further be introduced in the aryl group. Further, the aryl groups may be
bonded to each other to form multiple rings. Examples of the aryl group R,5 to R,7 and R4,
include a phenyl group, atolyl group, a chlorophenyl group, a methoxyphenyl group, and a
naphthyl group.
[0257] The aralkyl group of R,s to R,, and Ris is preferably one having 7 to 15 carbon atoms.
A substituent may further be introduced in this aralkyl group. Examples of the aralkyl group
of Rys t0 Ry, and Rg3 include abenzyl group, aphenethyl group, and acumyl group.
[0258] The ring formed by the mutual bonding of R,s and R, together with the nitrogen atom
is preferably a 5- to 8-membered ring. Specific examples thereof include pyrrolidine,

piperidine, and piperazine.
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[0259] The arylene group of Xj to X, is preferably one having 6 to 14 carbon atoms.
Examples of this arylene group include a phenylene group, a tolylene group, and a
naphthylene group. These arylene groups may further have a substituent.
[0260] The akylene group of Xi to Xs is preferably one having 1 to 8 carbon atoms.
Examples of this akylene group include a methylene group, an ethylene group, a propylene
group, a butylene group, a hexylene group, and an octylene group. These akylene groups
may further have asubstltuent
[0261] The cycloal kylene group of Xi to X, is preferably one having 5 to 8 carbon atoms.
Examples of this cycloalkylene group include a cyclopentylene group and a cyclohexylene
group. These cycloalkylene groups may further have a substituent.
[0262] Preferred examples of the substituents that can be introduced in the individual groups
in the general formulae (Bl) to (B3) include a hydroxyl group; a halogen atom (fluorine,
chlorine, bromine, or iodine); a nitro group; a cyano group; an amido group; a sulfonamido
group; any of the alkyl groups mentioned above as Rgs, Rgs and Rg7 to Rgo; an alkoxy group,
such as a methoxy group, an ethoxy group, a hydroxyethoxy group, a propoxy group, a
hydroxypropoxy group, and a butoxy group; an akoxycarbonyl group, such as a
methoxycarbonyl group and an ethoxycarbonyl group; an acyl group, such as a formyl group,
an acetyl group, and a benzoyl group; an acyloxy group, such as an acetoxy group and a
butyryloxy group; and a carboxyl group. These substituents preferably have 8 or less carbon
atoms.
[0263] A represents a structural moiety capable .of decomposing by irradiation with actinic
rays or radiation to generate an acid anion, and specific examples thereof include a
photoinitiator for photocationic  polymerization, a photoinitiator for photoradical
polymerization, a photo-achromatic agent and photo-discoloring agent for dyes, structural
moieties contained in generally known compounds that generate an acid by light, employed in
microresists or the like.
[0264] Furthermore, A is preferably an ionic structural moiety with a sulfonium salt structure
or an iodonium salt structure. In particular, A is preferably any of the groups represented by
the following general formulae (ZI) and (ZI1).
[Chem. 50]
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[0265] In the genera formula (ZI),

R201, Ro02 and R, 0, each independently represent an organic group.
[0266] The number of carbon atoms of each of the organic groups as R,yi, R,,, and Ry is
generaly in the range of 1to 30, preferably 1to 20. Two members of R, to R,,, may be
bonded to each other to form a ring structure, and the ring within the same may contain an
oxygen atom, a sulfur atom, an ester bond, an amido bond, or a carbonyl group. Examples of
the group formed by bonding of two members out of R,,i to R,, include an alkylene group
such as abutylene group and a pentylene group.
[0267] Z represents the acid anion generated by the decomposition by irradiation with actinic
rays or radiation. Z is preferably a nonnucleophilic anion. Examples of the
nonnucleophilic anion include a sulfonate anion, a carboxylate anion, a sulfonylimido anion, a
bis(alkylsulfonyl)imido anion, and atris(alkylsulfonyl)methyl anion.
[0268] Furthermore, the nonnucleophilic anion means an anion whose capability of inducing a
nucleophilic reaction is extremely low. By using the nucleophilic anion, any tempora
decomposition by intramolecular nucleophilic reaction can be inhibited. This would realize
an enhancement of the temporal stability of the resin and the composition.
[0269] Examples of the organic groups of R,,i, Rz, and R, include corresponding groups
represented by (ZI1-1), (ZI1-2) and (ZI-3).
[0270] More preferred examples of the group represented by the general formula (ZI) include
the (ZI-1), (ZI-2), (Z1-3) and (Z1-4) groups as described below.
[0271] The (Z1-1) groups are groups of the general formula (ZI), wherein at least one of R,;

3

to Ry, is an aryl group, that is, agroup containing an arylsulfonium as a cation.

[0272] All of the R,i to Ry, may be aryl groups. It is also appropriate that R,,i to R, are
partially an aryl group and the remaining groups are an alkyl group or acycloakyl group.
[0273] Examples of the (ZI-1) group include a group corresponding to each of
triarylsulfonium, diarylalkylsulfonium, aryldialkylsulfonium, diarylcycloakylsulfonium, and
aryldicycloalkylsulfonium.

[0274] The aryl group of arylsulfonium is preferably aphenyl group or anaphthyl group, more
preferably a phenyl group. The aryl group may be one having a heterocyclic structure
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containing a heteroatom such as an oxygen atom, a nitrogen atom, and a sulfur atom.
Examples of the heterocyclic structure include pyrrole, furan, thiophene, indole, benzofuran,
and benzothiophene. When the.arylsulfoni um has two or more aryl groups, these aryl groups
may be the same as or different from each other.
[0275] The akyl group or cycloalkyl group contained in the arylsulfonium according to
necessity is preferably a linear or branched alkyl group having 1to 15 carbon atoms or a
cycloalkyl group having 3 to 15 carbon atoms. Examples of the akyl group or cycloalkyl
group include a methyl group, an ethyl group, a propyl group, an n-butyl group, a sec-butyl
group, at-butyl group, acyclopropyl group, acyclobutyl group, and acyclohexyl group.
[0276] The aryl group, alkyl group or acycloalkyl group represented by Ry,; to R, ,; may have
as its substituent an alkyl group (for example, having 1to 15 carbon atoms), a cycloakyl
group (for example, having 3 to 15 carbon atoms), an aryl group (for example, having 6 to 14
carbon atoms), an alkoxy group (for example, having 1to 15 carbon atoms), a halogen atom, a
hydroxyl group, or aphenylthio group.
[0277] Preferred examples of the substituents are a linear or branched alkyl group having 1to
12 carbon atoms, acycloalkyl group having 3 to 12 carbon atoms, and a linear, branched, or
cyclic alkoxy group having 1 to 12 carbon atoms. More preferred examples of the
substituents include an alkyl group having 1to 4 carbon atoms and an alkoxy group having 1
to 4 carbon atoms.  The substituents may be contained in any one of the three R,,1 to R,;, or
alternatively may be contained in two or more of R,,i to Ry 3.  Further, in the case where R,
to R,, 3 represent phenyl groups, the substituent is preferably substituted at the p-position of the
phenyl group.
[0278] Next, the (Z1-2) group will be described.
[0279] The (ZI-2) group is the group of the genera formula (ZI), wherein R,,i to R,,3 each
independently represent an organic group having no aromatic ring. Here, the aromatic ring
also includes a heterocycle having a heteroatom.

[0280] The organic group having no aromatic ring as Rz,i to R, generally has 1to 30 carbon

203
atoms, and preferably 1to 20 carbon atoms.

[0281] Ry to R0z €ach independently preferably represent an alkyl group, acycloalkyl group,
an alyl group, or avinyl group, still more preferably a linear or branched 2-oxoalkyl group, a
2-oxocycloalkyl group, or an alkoxycarbonylmethyl group, and particularly preferably a linear
or branched 2-oxoalkyl group.

[0282] Preferable examples of the alkyl group and the cycloalkyl group of R,,i to R, include
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alinear or branched alkyl group having 1to 10 carbon atoms (for example, a methyl group, an
ethyl group, apropyl group, abutyl group, and a pentyl group), and acycloalkyl group having
3 to 10 carbon atoms (a cyclopentyl group, a cyclohexyl group, and a norbornyl group).
More preferred examples of the akyl group include a 2-oxoakyl group and an
alkoxycarbonylmethyl group. Still more preferred examples of the cycloalkyl group include
a 2-oxocycloakyl group.
[0283] The 2-oxoalkyl group may be linear or branched. Preferred examples of the
2-oxoalkyl group include a group having >C=0 at the 2-position of the above-described alkyl
group. Preferred examples of the 2-oxocycloalkyl group include a group having >C=0 at the
2-position of the above-described cycloalkyl group.
[0284] Examples of the alkoxy group in the alkoxycarbonylmethyl group preferably include
an alkoxy group having 1to 5 carbon atoms (for example, a methoxy group, an ethoxy group,
apropoxy group, abutoxy group, and apentoxy group). '
[0285] R,y tO Rygs may be further substituted with a halogen atom, an akoxyl group (for
example, having 1to 5 carbon atoms), a hydroxyl group, acyano grbup, or anitro group.
[0286] Next, the (Z1-3) group will be described.
[0287] The (ZI1-3) group is a group represented by the following general formula (ZI1-3) which
has a phenacylsulfonium salt structure.
[Chem. 51]
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[0288] In the general formula (Z1-3), Ri, to Rs, each independently represent a hydrogen atom,
an alkyl group, acycloalkyl group, an alkoxy group, or a halogen atom.
[0289] R¢c and R, each independently represent a hydrogen atom, an akyl group, or a
cycloalkyl group.
[0290] R, and R, each independently represent an alkyl group, a cycloalkyl group, an alyl
group or avinyl group.
[0291] Any two or more members out of Ri. to R, and Re. and Ry, and R, and R, may be
bonded to each other to form a ring structure. This ring structure may contain an oxygen

atom, a sulfur atom, an ester bond and/or an amido bond. Examples of the group formed by
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the mutual bonding of the groups include abutylene group and a pentylene group.
[0292] Z_ represents a nonnucleophilic anion, and examples thereof include the same
nonnucleophilic anions as Z" of the general formula (ZI).
[0293] With respect to particular structures of the cation moieties of the general formula (ZI-3),
reference may be made to the structures of the cation moieties of acid generators set forth by
way of example in paragraphs 0047 and 0048 of JP2004-233661A and set forth by way of
example in paragraphs 0040 to 0046 of JP2003-35948A.
[0294] Next, the (ZI-4) group will be described.
[0295] The (ZI-4) group is a group represented by the general formula (ZI-4) below. This

group is effective in the suppression of outgassing.

[Chem. 52]
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[0296] In the genera formula (Z1-4), Ri to Ri, each independently represent a hydrogen atom
or a substituent.

[0297] Preferably, at least one of Ri to Ri, is a substituent containing an alcoholic hydroxyl
group. Further, the "alcoholic hydroxyl group" as used herein refers to a hydroxyl group
bonded to a carbon atom of an alkyl group.

[0298] Z represents a single bond or adivaent connecting group.

[0299] Z_  represents a nonnucleophilic anion.  Examples thereof include the same
nonnucleophilic anions as Z™ in the general formula (Z1).

[0300] In the case where Ri to Ri, represent substituents containing an acoholic hydroxyl
group, Ri to Ry, preferably represent the groups represented by -(WY), wherein Y represents a
hydroxyl-substituted alkyl group and W represents a single bond or a divalent connecting
group.

[0301] Preferred examples of the akyl group represented by Y include an ethyl group, a
propyl group and an isopropyl group. Particularly preferably, Y contains a structure
represented by -CH,CH,OH.
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[0302] The divalent connecting group represented by W is not particularly limited, but it is
preferably a single bond, or adivalent group as obtained by substituting with a single bond any
hydrogen atom of a group selected from among an alkoxy group, an acyloxy group, an
acylamino group, an alkyl- or arylsulfonylamino group, an alkylthio group, an akylsulfonyl
group, an acyl group, an alkoxycarbonyl group and a carbamoyl group. More preferably, W
is a single bond, or a divalent group as obtained by substituting with a single bond any
hydrogen atom of a group selected from among an acyloxy group, an alkylsulfonyl group, an
acyl group and an alkoxycarbonyl group.
[0303] In the case where Ri to Ri, represent substituents containing an alcoholic hydroxyl
group, the number of carbon atoms contained in each of the substituents is preferably from 2
to 10, more preferably from 2 to 6, and still more preferably from 2 to 4.
[0304] Each of the substituents containing an acoholic hydroxyl group asR; to Ri, may have
two or more alcoholic hydrdxyl groups. The number of the alcoholic hydroxyl groups
contained in each of the substituents containing an acoholic hydroxyl group asRri to Ry; is
from 1to 6, preferably from 1to 3, and more preferably 1.
[0305] The number of the alcoholic hydroxyl groups contained in the (ZI1-4) group asthe total
of those of Ri to r13 is from 1to 10, preferably from 1to 6, and more preferably from 1to 3.
[0306] In the case where Ri to Ri3 do not contain any alcoholic hydroxyl group, examples of
Ri to Ri, include a hydrogen atom, a halogen atom, an alkyl group, a cycloalkyl group, an
akenyl group, a cycloalkenyl group, an akynyl group, an aryl group, heterocycle group, a
Cyano group, a nitro group, a carboxy group, an akoxy group, an aryloxy group, silyloxy
group, a heterocyclic oxy group, an acyloxy group, a carbamoyloxy group, an
alkoxycarbonyloxy group, an aryloxycarbonyloxy group, an amino group (including an anilino
group), an ammonio group, an acylamino group, an aminocarbonylamino group, an
alkoxycarbonylamino group, an aryloxycarbonylamino group, a sulfamoylamino group, an
akyl- or aryl-sulfonylamino group, amercapto group, an alkylthio group, an arylthio group, a
heterocyclic thio group, a sulfamoyl group, a sulfo group, an akyl- or aryl-sulfinyl group, an
alkyl- or aryl-sulfonyl group, an acyl group, an aryloxycarbonyl group, an alkoxycarbonyl
group, a carbamoyl group, an aryl- or heterocyclic azo group, an imido group, a phosphino
group, a phosphinyl group, a phosphinyloxy group, a phosphinylamino group, a phosphono
group, a silyl group, a hydrazino group, a ureido group, a boronic acid group (-B(OH),), a
phosphato gfoup (-OPO(OH).), a sulfato group (-OS0 ;H), and other known substituents.

[0307] In the case where Ri to R, contain no alcoholic hydroxyl group, each of R; to Ri, is
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preferably a hydrogen atom, a halogen atom, an akyl group, a cycloakyl group, a cyano
group, an akoxy group, an acyloxy group, an acylamino group, an aminocarbonylamino group,
an akoxycarbonylamino group, an akyl- or aryl-sulfonylamino group, an akylthio group, a
sulfamoyl group, an akyl- or aryl-sulfonyl group, an alkoxycarbonyl group or a carbamoyl
group.
[0308] In the case where Ri to Ri; contain no alcoholic hydroxyl group, each of R; to Rij is
more preferably a hydrogen atom, an alkyl group, a cycloakyl group, a halogen atom or an
alkoxy group.
[0309] Two adjacent members out of Ri to Ri; may be bonded to each other to form aring
structure.  This ring structure includes an aromatic or non-aromatic hydrocarbon ring and a
heterocycle. These ring structures may be further combined with each other to form a
condensed ring. |
[0310] The (ZI-4) group preferably has a structure where &t least one of Ri to R;; contains an
acoholic hydroxyl group, more preferably a structure where at least one of r4 to Ry, contains
an alcoholic hydroxyl group.
[0311] Z represents, as described above, a single bond or a divalent connecting group.
Examples of the divalent connecting group include an alkylene group, an arylene group, a
carbonyl group, a sulfonyl group, a carbonyloxy group, a carbonylamino group, a
sulfonylamido group, an ether bond, a thioether bond, an amino group, a disulfide group, an
acyl group, an akylsulfonyl group, -CH=CH-, an aminocarbonylamino group and an
aminosulfonylamino group.
[0312] The divalent connecting group may have a substituent. Examples of the substituent
thereof include the same substituents enumerated above with respect to Ri to Rjs.
[0313] Preferably, Z is a single bond, an ether bond or a thioether bond, and particularly
preferably a single bond.
[0314] Now, the general formula (ZI1) will be described.
[0315] In the general formula (ZI1), R,,, and R,y €ach independently represent an aryl group,
an akyl group or acycloalkyl group. _
[0316] Specific examples and preferred forms of the aryl group, the akyl group and the
cycloalkyl group of R,y, and R,ys are the same groups as set forth above with respect to R,,i to
R,g3 IN the above-described compounds (Z1-1).
[0317] The aryl group, alkyl group and cycloalkyl group of R,,, and R,,s may further have

substituents.  The substituents are aso the same groups as set forth above with respect to R
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to R,, of the above compounds (Z1-1).
[0318] Z represents an acid anion generated by the decomposition by irradiation with actinic
rays or radiation, preferably a nonnucleophilic anion. Examples thereof include the same
groups as Z of the general formula (Z1).
[0319] Preferred examples of A aso include groups represented by the following general
formulae (ZCl) and (ZClII).

[Chem. 53]
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[0320] In the general formulae (ZCl) and (ZCl1),

r3o1 and R, , each independently represent an organic group. This organic group
generally has 1to 30 carbon atoms, and preferably 1to 20 carbon atoms. R,;i and R,,, may
be bonded to each other to form a ring structure. With respect to the ring structure, at least
one selected from among an oxygen atdm, a sulfur atom, an ester bond, an amido bond and a
carbonyl group may be contained in the ring. Examples of the group formed by the mutual
bonding of r301 and R, include alkylene groups such as a butylene group and a pentylene
group.
[0321] Examples of the organic groups of R and rao2 include the }aryl groups, akyl groups
and cycloalkyl groups set forth above as examples of R,; to R, of the general formula (ZI).
[0322] M represents an atomic group capable of forming an acid with the addition of a proton.
In particular, the structures represented by any of the general formulae AN1 to AN3 to be
described hereinafter may be mentioned. Among these, the structure represented by the
general formula ANI is particularly preferred.

[0323] R,,, represents an organic group. The organic group as R,y has generally 1to 30

303
carbon atoms, and preferably 1to 20 carbon atoms.  Specific examples of the organic groups
as R, , include the aryl groups, alkyl groups, cycloalkyl groups, and the like as set forth above
as the specific examples of R,,, and R, in the general formula (ZI1).

[0324] Moreover, examples of the structural portion capable of generating an acid by
irradiation with actinic rays or radiation include the structural moiety destined for a sulfonic

acid precursor that is introduced in each of the following photo-acid generators. Examples of
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the photo-acid generators include the following compounds (1) to (3).
[0325] (1) Compounds photolyzed to generate a sulfonic acid whose representative is an
iminosulfonate or the like, as described in M. Tunooka et a., Polymer Preprints Japan, 35(8);
G. Beraer et a., J. Rad. Curing, 13(4); W. J. Mijs et a., Coating Technol., 55(697), 45(1983);
H. Adachi et al., Polymer Preprints Japan, 37(3); EP0199,672B, EP84515B, EP199,672B,
EP044,115B, and EP0101.122B; US618,564B, U$S4,371,605B and U$SA4,431,774B;
JP1989-18143A (JP-S64-18143A), JP1990-245756A (JP-HO2-245756A), and
JP 1992-365048A (JP-H04-365048A); etc.
[0326] (2) Disulfone compounds as described in JP1986- 166544A (JP-S61- 166544A), etc.
[0327] (3) Compounds capable of generating an acid, as described in V. N. R. Pillai, Synthesis,
(1), 1(1980); A. Abad et a., Tetrahedron Lett., (47) 4555 (1971); D. H. R. Barton €t d., J.
Chem. Soc, (C), 329 (1970); US3,779,778B; EP126,712B; etc.
[0328] It is preferable for the repeating unit (B) to contain a structural moiety that is converted
to an acid anion upon irradiation with actinic rays or radiation. For example, it is preferable
for A in the genera formulae (BI) to (B3) to represent a structural moiety that is converted to
an acid anion upon irradiation with actinic rays or radiation.
[0329] That is, it is more preferred for the repeating unit (B) to have a structure that generates
an acid anion upon irradiation with actinic rays or radiation in a side chain of the resin.
When this structure is employed, the diffusion of generated acid anions can be inhibited to
enhance the resolution, roughness characteristic, or the like.
[0330] It is preferable for each of the moiety -Xi-A in the general formula (Bl), the moiety
-X,-A in the general formula (B2) and the moiety -X,-A in the genera formula (B3) to be
represented by any one of the following general formulae (LI), (L2) and (L3).
[0331] -X1;1-L11-X12-Ar-X13-L12-Zi (LI)

-Ar-Xi-Loi-X L opZ, (L2)

X gr-Lgi-X L 5-Z5(L3)
[0332] First, the moieties represented by the general formula (L1) will be described.
[0333] Xi; represents -0-, -S-, -CO-, -S0,-, -NR- (wherein R represents a hydrogen atom or
an akyl group), a divalent nitrogen -containing non-aromatic heterocyclic group, or a group
formed by combination thereof.
[0334] X, and Xi3 each independently represent a single bond, -0-, -S-, -CO-, -S02-, -NR-
(wherein R represents a hydrogen atom or an akyl group), a divalent nitrogen -containing

non-aromatic heterocyclic group, or agroup formed by combination thereof.
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[0335] The akyl group of R may be linear or branched. Further, the alkyl group of R may
further have a substituent. The alkyl group preferably has 20 or less carbon atoms, more
preferably 8 or less carbon atoms, and still more preferably 3 or less carbon atoms.
Examples of such an alkyl group include a methyl group, an ethyl group, a propyl group and
an isopropyl group. R isparticularly preferably a hydrogen atom, a methyl group or an ethyl
group.
[0336] Incidentally, the divalent nitrogen-containing non-aromatic heterocyclic group
preferably means a 3- to 8-membered non-aromatic heterocyclic group having at least one
nitrogen atom.
[0337] Xii is more preferably -0-, -CO-, -NR- (wherein R represents a hydrogen atom or an
alkyl group) or a group formed by combination thereof, and particularly preferably -COO- or
-CONR- (wherein R represents a hydrogen atom or an alkyl group).
[0338] Li; represents an alkylene group, an akenylene group, a divalent aliphatic hydrocarbon
ring group, or a group formed by a combination of two or more of these, provided that in the
group formed by a combination, two or more groups combined together may be the same as or
different from each other and may be connected to each other through 0, -S, -CO-, -0 -,
-NR- (wherein R represents a hydrogen atom or an akyl group), a divaent
nitrogen-containing non-aromatic heterocyclic group, a divalent aromatic ring group, or a
group formed by combination thereof.
[0339] The alkylene group of L;; may be in the form of a linear or branched chain. This
alkylene group preferably has 1to 8 carbon atoms, more preferably 1to 6 carbon atoms, and
still more preferably 1to 4 carbon atoms.
[0340] Examples of the alkenylene group of L; include a group having a double bond at an
arbitrary position of the above-described alkylene group.
[0341] The divalent aliphatic hydrocarbon ring group of L;; may be monocyclic or polycyclic.
This divalent aliphatic hydrocarbon ring group prefferébly has 5 to 12 carbon atoms, more
preferably 6 to 10 carbon atoms.
[0342] The divalent aromatic ring group as a connecting group may be an arylene group or a
heteroarylene group. This aromatic ring group preferably has 6 to 14 carbon atoms. The
aromatic ring group may further have a substituent.
[0343] Incidentally, -NR- and the divalent nitrogen-containing non-aromatic heterocyclic
group as the connecting group are the same respective groups as set forth above in X;;.

[0344] Lii is particularly preferably an alkylene group, a divalent aliphatic hydrocarbon ring
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group, or a group formed by combining an alkylene group and a divalent aliphatic
hydrocarbon ring group through -OCO-, -O- or -CONH- (for example, -akylene
group-O-akylene group-, -akylene group-OCO-alkylene group-, or -divalent aliphatic
hydrocarbon ring group-O-alkylene group-, or -alkylene group-CONH-alkylene group-).
[0345] Specific examples of -NR- and the divalent nitrogen-containing non-aromatic
heterocyclic group in X ,,-and X ,, are the same specific examples as the respective groups in
X1 described above, and preferred examples are also the same.
[0346] X, is preferably a single bond, -S-, -0-, -CO-, -S0, or a group formed by a
combination thereof, and more preferably a single bond, -S-, -OCO-, or -OS0 ,,-.
[0347] X3 is preferably -0-, -CO-, -S0,- or a group formed by a combination thereof, and
particularly preferably -OS0 ,-.
[0348] Ari represents a divalent aromatic ring group. The divalent aromatic ring group may
be an arylene group or a heteroarylene group. This divalent aromatic ring group may further
have a substituent. Examples of the substituent include an alkyl group, an alkoxy group and
an aryl group.
[0349] Ari isparticularly preferably an arylene group having 6 to 18 carbon atoms, which may
have a substituent, or an aralkylene group formed by combining an arylene group having 6 to
18 carbon atoms and an akylene group having 1to 4 carbon atoms, and more preferably a
phenylene group, a naphthylene group, a biphenylene group, or a phenylene group substituted
with aphenyl group.
[0350] L, represents an alkylene group, an alkenylene group, a divalent aliphatic hydrocarbon
ring group, a divalent aromatic ring group, or a group formed by a combination of two or more
thereof, and in these groups, hydrogen atoms are partially or entirely substituted with a
substituent selected from a fluorine atom, an alkyl fluoride group, a nitro group and a cyano
group. In the group formed by a combination, two or more groups combined may be the
same as or different from each other. Further, these groups may be connected through -0-,
-S, -CO-, -S02-, -NR- (R is a hydrogen atom or an akyl group), a divalent
nitrogen-containing non-aromatic heterocyclic group, a divalent aromatic ring group, or a
group formed by a combination thereof.
[0351] L12 ismore preferably an akylene group or divalent aromatic ring group with hydrogen
atoms being partially or entirely substituted with a fluorine atom or an alkyl fluoride group
(more preferably a perfluoroalkyl group), or a group formed by a combination thereof, and

particularly preferably an alkylene group or divalent aromatic ring group with hydrogen atoms
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being partially or entirely substituted with a fluorine atom. L1, is particularly preferably an
alkylene group or divalent aromatic ring group where from 30 to 100% by number of
hydrogen atoms are substituted with a fluorine atom.
[0352] The alkylene group of L, may be linear or branched. This alkylene group preferably
has 1to 6 carbon atoms, and more preferably 1to 4 carbon atoms.
[0353] Examples of the alkenylene group of L,, include a group formed by introduction of a
double bond in an arbitrary position of the above akylene group.
[0354] The divalent aliphatic hydrocarbon ring group of L, may be monocyclic or polycyclic.
The divalent aliphatic hydrocarbon ring group is preferably one having 3to 17 carbon atoms.
[0355] Examples of the divalent aromatic ring group as L, include the same groups as set
forth above asthe connecting group in Li;-
[0356] Further, specific examples of -NR- and the divalent nitrogen-containing non-aromatic
heterocyclic group as the connecting group in L, include the same groups as set forth above
in Xn, and preferred examples are also the same.
[0357] Z; represents a moiety leading to a sulfonic acid group by irradiation with actinic rays
or radiation, and specific examples thereof include a structure represented by formula (ZI).
[0358] Next, the moieties represented by the general formula (L2) will be described.
[0359] Ar; represents a divalent aromatic ring group. The divalent aromatic ring group may
be an arylene group or a heteroarylene group. This divalent aromatic ring group preferably
has 6 to 18 carbon atoms. The divalent aromatic ring group may further have a substituent.
[0360] X, represents -0-, -S-, -CO-, -S0 -, -NR- (wherein R represents a hydrogen atom or
an akyl group), a divalent nitrogen containing non-aromatic heterocyclic group, or a group
formed by combination thereof.
[0361] Examples of the -NR- and the divalent nitrogen containing non-aromatic heterocyclic
group in X,i include the same groups as set forth above with respect to Xi;.
[0362] X.,i is more preferably -0-, -S-, -CO-, -S0 ,- or a group formed by combination thereof,
and particularly preferably -0-, -OCO- or -OS0 ,-.
[0363] X, represents a single bond, -0-, -S-, -CO-, -S0,-, -NR- (wherein R represents a
hydrogen atom or an alkyl group), a divalent nitrogen containing non-aromatic heterocyclic
group, or a group formed by combination thereof. Examples of the -NR- and the divaent
nitrogen containing non-aromatic heterocyclic group in X, include the same groups as set
forth above with respect to Xy, .
[0364] X2 is more preferably -0-, -S-, -CO-, -S0 ,- or a group formed by combination thereof,
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and particularly preferably -0-, -0C0-, or -OS0 ,-.
[0365] L, represents a single bond, an alkylene group, an akenylene group, a divalent
aliphatic hydrocarbon ring group, a divalent aromatic ring group, or a group formed by a
combination of two or more of these. In the group formed by a combination, two or more
groups combined together may be the same as to or different from each other. Further, these
groups may be connected to each other through -0-, -S-, -CO-, -S0,-, -NR- (wherein R
represents a hydrogen atom or an alkyl group), a divalent nitrogen containing non-aromatic
heterocyclic group, a divalent aromatic ring group, or a group formed by combination thereof.
[0366] Examples of the alkylene group, the alkenylene group and the divalent aiphatic
hydrocarbon ring group of L.,i include the same groups as set forth above with respect to the
respective group in Lii.
[0367] The divalent aromatic ring group of L21 may be an arylene group or a heteroarylene
group. Thisdivalent aromatic ring group preferably has 6to 14 carbon atoms.
[0368] Examples of the -NR- and the divalent nitrogen-containing non-aromatic heterocyclic
group of L,i include the same groups as set forth above with respect to X;.
[0369] L,i is particularly preferably a single bond, an akylene group, édivalent aliphatic
hydrocarbon ring group, a divalent aromatic ring group, or a group formed by a combination
of two or more thereof (for example, -alkylene group-divalent aromatic ring group- or
-divalent aiphatic hydrocarbon ring group-alkylene group-), or a group formed by combining
two or more of these groups through a connecting group such as -OCO-, -COO-, -O- and -S-
(for example, -alkylene group-OCO-divalent aromatic ring group-, -alkylene group-S-divalent
aromatic ring group-, or -alkylene group-O-alkylene group-divalent aromatic ring group).
[0370] L., represents an alkylene group, an alkenylene group, a divalent aliphatic hydrocarbon
ring group, a divalent aromatic ring group, or a group formed by a combination of two or more
thereof, and in these groups, hydrogen atoms may be partially or entirely substituted with a
substituent selected from a fluorine atom, an alkyl fluoride group, a nitro group and a cyano
group. In the group formed by a combination, two or more groups combined may be the
same as or different from each other. Further, these groups may be connected through -0-,
-S-, -CO-, -S0,-, -NR- (wherein R is a hydrogen atom or an akyl group), a divalent
nitrogen-containing non-aromatic heterocyclic group, a divalent aromatic ring group, or a
group formed by acombination thereof.
[0371] L,, is preferably an alkylene group or divaent aromatic ring group with hydrogen

atoms being partialy or entirely substituted with a fluorine atom or an alkyl fluoride group
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(more preferably a perfluoroalkyl group), or a group formed by a combination thereof, and
particularly preferably an alkylene group or divalent aromatic ring group with hydrogen atoms
being partially or entirely substituted with a fluorine atom.
[0372] Specific examples of the akylene group, the alkenylene group, the aliphatic
hydrocarbon ring group, the divalent aromatic ring group and a group formed by a

combination of two or more thereof, represented by L., include the same groups as

22!
exemplified above asL,; in the general formula (L1).

[0373] Furthermore, specific examples of -NR- and the divalent nitrogen-containing
non-aromatic heterocyclic group as the connecting group in L,, include the same specific
examples as the respective groups in Xy;, and preferred examples are also the same,

[0374] Z, represents a moiety that is converted to a sulfonic acid group upon irradiation with
actinic rays or radiation.  Specific examples of the moieties of Z, include the same groups as
set forth above with respect to z, .

[0375] Next, the moiety repr%entéd by the general formula (L3) will be described.

[0376] X,, and X3, each independently represent a single bond, -0-, -S-, -CO-, -S0 -, -NR-
(wherein R represents a hydrogen atom or an akyl group), a divalent nitrogen-containing
non-aromatic heterocyclic group, or agroup formed by combination thereof.

[0377] Examples of the -NR- and the divalent nitrogen-containing non-aromatic heterocyclic
group in each of X, and X3, include the same groups as set forth above with respect to X;.
[0378] X, is more preferably a single bond, -O-, -CO-, -NR- (wherein R represents a
hydrogen atom or an akyl group) or a group formed by combination thereof. X, is
particularly preferably a single bond, -COO-, or -CONR- (wherein R represents a hydrogen
atom or an akyl group).

[0379] X,, is preferably -0-, -S-, -CO-, -S0 -, a divalent nitrogen-containing non-aromatic
heterocyclic group, or a group formed by combination thereof. X, is particularly preferably
-0-, -OCO-, or -0OS0 ,-.

[0380] Lsi represents a single bond, an alkylene group, an akenylene group, a divalent
aliphatic hydrocarbon ring group, a divalent aromatic ring group, or a group formed by a
combination of two or more thereof. In the group formed by a combination, two or more
groups combined together may be the same as to or different from each other. Further, these
groups may be connected to each other through -09, -S, -CO-, -S0,-, -NR- (wherein R
represents a hydrogen atom or an akyl group), a divalent nitrogen-containing non-aromatic

heterocyclic group, adivalent aromatic ring group, or a group formed by combination thereof.
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[0381] Examples of the alkylene group, the alkenylene group, the divalent aliphatic
hydrocarbon ring group, and the divalent aromatic ring group of L, include the same groups
as set forth above with respect to L.
[0382] Specific examples of the -NR- and the divalent nitrogen-containing non-aromatic
heterocyclic group as a connecting group in Lz, include the same specific examples as the
respective groups described above in X;;. Preferred examples are also the same.
[0383] L;, represents an alkylene group, an alkenylene group, a divalent aiphatic hydrocarbon
ring group, adivalent aromatic ring group, or agroup formed by a combination of two or more
of these.  In the group formed by a combination, two or more groups combined together may
be the same as to or different from each other. Further, these groups may be connected to
each other through -0-, -S-, -CO-, -S0,-, -NR- (wherein R répresents a hydrogen atom or an
akyl group), a divalent nitrogen-containing non-aromatic heterocyclic group, a divaent
aromatic ring group, or a group formed by combination thereof.
[0384] With respect to each of the alkylene group, the alkenylene group, the divalent aliphatic
hydrocarbon ring group, the divalent aromatic ring group, or a group formed by a combination
of two or more of these, of Ls,, it is preferable for the hydrogen atoms thereof to be partially or
entirely substituted with a substituent selected from among a fluorine atom, a fluoroalkyl
group, anitro group, and a cyano groUp.
[0385] Ls, is more preferably an akylene group, divalent aromatic ring group, or a group
formed by combination thereof with hydrogen atoms being partially or entirely substituted
with a fluorine atom or a fluoroalkyl group (more preferably a perfluoroalkyl group), and
particularly preferably an akylene group and divalent aromatic ring group with hydrogen
atoms being partially or entirely substituted with a fluorine atom.
[0386] Examples of the akylene group, the alkenylene group, the divalent aliphatic
hydrocarbon ring group, the divalent aromatic ring group, and a group formed by a

combination of two or more of these, of L, include the same groups as set forth above with

327
respect to L;,. Specific examples of the -NR- and the divalent nitrogen-containing

non-aromatic heterocyclic group as a connecting group, in L, include the same groups as set

32!
forth above with respect to X,;. Preferred examples are also the same.

[0387] Furthermore, in the case where X 5 is asingle bond while L, is an aromatic ring group
and when R;, forms aring together with the aromatic ring group of Li, the alkylene group
represented by Rs, ispreferably one having 1to 8 carbon atoms, more preferably one having 1

to 4 carbon atoms, and still more preferably one having 1or 2 carbon atoms.
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[0388] Z3 represents an onium salt that is converted to an imidic acid group or a methide acid
group upon irradiation with actinic rays or radiation. It is preferable for the onium salt
represented by Z, to be a sulfonium salt or an iodonium sat.  The onium sat preferably has a
structure represented by the following general formula (ZI11) or (ZIV).

[Chem. 54]
S © ) ©
*—7-NZ ,Rz , A —zg-cf-z4-Rz 2 A
Zs—Rz3
edll) (ZIV)

[0389] In the general formulae (ZIIl) and (ZIV), Zi, Z,, Z, Z, and Zs each independently
represent -CO- or -S0 -, and preferably -SO -

[0390] Rzi, Rz, and Rz, each independently represent an akyl group, a monovalent aliphatic
hydrocarbon ring group, an aryl group, or an aralkyl group. Forms of these groups having
the hydrogen atoms thereof partially or entirely being substituted with a fluorine atom or a
fluoroakyl group (more preferably a perfluoroalkyl group) are more preferred.

[0391] The alkyl group of Rz, Rz, and Rz; may be linear or branched. This akyl group
preferably has 1 to 8 carbon atoms, more preferably 1 to 6 carbon atoms, and still more
preferably 1to 4 carbon atoms.

[0392] The monovalent aliphatic hydrocarbon ring group of Rzi, Rz, and Rz, preferably has 3
to 10 carbon atoms, and more preferably 3 to 6 carbon atoms.

[0393] The aryl group of Rzi, Rz, and Rz, preferably has 6 to 18 carbon atoms, and more
preferably 6 to 10 carbon atoms. This aryl group is particularly preferably aphenyl group.
[0394] Preferred examples of the arakyl group of R2,, Rz, and Rz, include those formed by
the bonding of the above aryl group to an akylene group having 1to 8 carbon atoms. An
aralkyl group formed by the bonding of the above aryl group to an alkylene group having 1to
6 carbon atoms is more preferred.  An aralkyl group formed by the bonding of the above aryl
group to an alkylene group having 1tb 4 carbon atoms is particularly preferred.

[0395] A* represents a sulfonium cation or an iodonium cation. Preferred examples of A*
include the sulfonium cation structures in the general formula (ZI) and the iodonium cation
structures in the general formula (ZI1).

[0396] Specific examples of the repeating units (B) are shown below, but the scope of the
present invention is not limited thereto.

[Chem. 55]
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[0397] In the case where the resin (Ab) contains the repeating unit (B), the content of the
repeating units (B) in the resin (Ab) is preferably from 0.1 to 80% by mole, more preferably
from 0.5 to 60% by mole, and still more preferably from 1to 40% by mole, based on all the
repeating units in the resin (Ab).

[0398] The Weight average molécular weight (Mw) of the resin (Ab) is each preférably in the
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range of 1,000 to 200,000. In views of the solubilization rate in an alkali and the sensitivity
of the resin itself it is preferably 200,000 or less. The dispersity (Mw/Mn) is preferably from
1.0 to 3.0, more preferably from 1.0 to 2.5, and particularly preferably from 1.0 to 2.0.
[0399] Among these, the weight average molecular weight (Mw) of the resin is preferably in
the range of 1,000 to 200,000, still more preferably in the range of 1,000 to 100,000,
particularly preferably in the range of 1,000 to 50,000, and most preferably in the range of
1,000 to 25,000.
[0400], Here, the weight average molecular weight is defined as value in terms of polystyrene
by means of gel permeation chromatography. Specifically, the weight average molecular
weight (Mw) and the number average molecular weight (Mn) of the resin (Ab) may be
calculated by using, for example, an HLC-8120 (manufactured by Tosoh Corporation) using
TSK gel Multipore HXL-M columns (manufactured by Tosoh Corporation, 7.8 mm 1Dx30.0
cm) and THF (tetrahydrofuran) as an eluent.
[0401] The resin (Ab) having a dispersity of 2.0 or less can be synthesized by carrying out
radical polymerization using an azo-based polymerization initiator. More preferably, the
resin (Ab) having adispersity of 1.0 to 1.5 can be synthesized by, for example, living radical
polymerization.
[0402] The resin (AD) is preferably polymerized by a known anion polymerization method, a
radical polymerization method, or the like.
[0403] The anion polymerization method is carried out at atemperature of -100 to 90°C in an
organic solvent, usually under an inert gas atmosphere such as nitrogen and argon, using an
alkali metal or an organic alkali metal as a polymerization initiator. Incidentally, in the
eopolymerization, the monomers can be added sequentially to a reaction system to carry out
polymerization, thereby obtaining ablock copolymer, or a mixture of the respective monomers
can be added to a reaction system to carry out polymerization, thereby obtaining a random
copblymer.
[0404] Examples of the alkali metal for the polymerization initiator include lithium, sodium,
potassium, and cesium, and as an organic alkali metal, alkyl, allyl and aryl compounds of the
above akali metals can be used.  Specific examples of the organic alkali metal include ethyl
lithium, n-butyl lithium, sec-butyl lithium, tert-butyl lithium, ethylsodium,- lithium biphenyl,
lithium naphthalene, lithium triphenyl, sodium naphthalene, a-methylstyrene sodium dianions,
1,1-diphenylhexyl lithium, and I,|-diphenyl-3-methylpentyl lithium.
~ [0405] The radical polymerization method iscarried out a atemperature of 50 to 200°C inan
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organic solvent, under an inert gas aimosphere such as nitrogen and argon, using a known
radical polymerization initiator, for example, azo compounds such as azobisisobutyronitrile
and azobisisovaleronitrile, and organic oxides such as benzoyl peroxide, methyl ethyl ketone
peroxide, and cumene hydroperoxide, and if necessary, using a known chain transfer agent
such as 1-dodecanethiol.
[0406] Examples of the organic solvent include aliphatic hydrocarbons such as n-hexane and
n-heptane, alicyclic hydrocarbons such as cyclohexane and cyclopentane, aromatic
hydrocarbons such as benzene and toluene, ketones such as methyl ethyl ketone and
cyclohexanone, polyvalent alcohol derivatives such as propylene glycol monomethyl ether
acetate, propylene glycol monomethyl ether, ethylene glycol monobutyl ether acetate, ethylene
glycol monobuty! ether, ethylene glycol monoethyl ether acetate, ethylene glycol monoethyl
ether, propylene glycol monoethyl ether acetate, and propylene glycol monoethy! ether, ethers
such as diethyl ether, tetrahydrofuran, and dioxane, and organic solvents that are usually used
in the anion polymerization, such as anisole and hexamethylphosphoramide, and these
solvents may be used alone or as a mixed solvent of two or more kinds of the solvents. More
preferred examples of the solvent include propylene glycol monomethyl ether acetate,
propylene glycol monomethyl ether, and cyclohexanone.
[0407] Furthermore, when the positive tone resist of the present invention is exposed to an ArF
excimer laser, it is preferable from the viewpoint of transparency to an ArF excimer laser to
use aresin having no aromatic ring asthe resin (Ab).
[0408] A resin suitable for ArF excimer laser exposure (also hereinafter referred to as aresin
(A)) will be described below.
[0409] Examples of acid-decomposable group contained in the resin (A) include the same
groups as set forth in the resin (Ab), and preferred examples of the repeating unit containing
an acid-decomposable group include repeating units represented by the general formula (A2).
[0410] The content of the repeating units having an acid-decomposable group is preferably
from 20 to 50% by mole, and more preferably from 25 to 45% by mole, based on all the
repeating units in the resin (A).
[0411] Theresin (A'") isalso preferably one having arepeating unit containing at least one kind
of group selected from a lactone group, a hydroxyl group, acyano group, and an akali-soluble
group.
[0412] The repeating unit having a lactone group which the resin (A') can have will be
described.
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[0413] As for the lactone group, any group may be used as long as it has a lactone structure,
but the lactone structure is preferably a 5- to 7-membered ring lactone structure, and a
structure where another ring structure is condensed with a 5- to 7-membered ring lactone
structure in the form of forming a bicyclo or spiro structure is preferable.  The resin more
preferably contains a repeating unit having a lactone structure represented by any one of the
following formulae (LCI-1) to (LCI-16). Further, the lactone structure may be bonded
directly to the main chain.

[0414] Among these lactone structures, (LCI-1), (LCI-4), (LCI-5), (LCI-6), (LCI-13), and
(LCI -14) are preferred. By using a specific lactone structure, the line edge roughness and the

development defects are improved.

[Chem. 59]
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[0415] The lactone structural moiety may or may not have a substituent (Rb,). Preferred
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examples of the substituent (Rby) include an alkyl group having 1 to 8 carbon atoms, a
cycloalkyl group having 4 to 7 carbon atoms, an alkoxy group having 1to 8 carbon atoms, an
alkoxycarbonyl group having 1 to 8 carbon atoms, a carboxyl group, a halogen atom, a
hydroxy! group, a cyano group, and an acid-decomposable group. Among these, an alkyl
group having 1to 4 carbon atoms, a cyano group and an acid-decomposable group are more
preferred. n2 represents an integer of 0 to 4. When n2 is 2 or more, a plurality of
substituents (Rb,) may be the same as or different from each other and the plurality of
substituents (Rb,) may be bonded to each other to form aring.
[0416] Examples of the repeating unit having a lactone structure represented by any one of the
genera formulae (LCI-1) to (LCI-16) include a repeating unit represented by the following
general formula (All).
[Chem. 60]

Rbyg
(Al

COO—Ab—V

[0417] In the genera formula (All),

Rbo represents a hydrogen atom, a halogen atom, or an alkyl group having 1to 4
carbon atoms.  Preferred examples of the substituent which the alkyl group of Rbo may have
include a hydroxyl group and a halogen atom. Examples of the halogen atom of Rbo include
a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom. Rby is preferably a
hydrogen atom, a methyl group, a hydroxymethyl group, or a trifluoromethyl group, and
particularly preferably ahydrogen atom or a methyl group.

[0418] Ab represents a single bond, an akylene group, a divalent connecting group having a
monocyclic or polycyclic aicyclic hydrocarbon structure, an ether group, an ester group, a
carbonyl group, or a divalent connecting group formed by a combination thereof, and
preferably, asingle bond or a divalent connecting group represented by -Abi-CO ,-.

[0419] Ab; is alinear or branched akylene group or amonocyclic or polycyclic cycloalkylene
group, and preferably a methylene group, an ethylene group, a cyclohexylene group, an
adamantylene group, or anorbornylene group. _

[0420] V represents a group having a structure represented by any of the general formulae
(LCI-1) to (LCI-16). |

[0421] The repeating unit having a lactone group usually .has an optical isomer, but any optical
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isomer may be used. One optical isomer may be used aone or a mixture of a plurality of
optical isomers may be used. In the case of mainly using one optical isomer, the optical
purity (ee) thereof is preferably 90 or more, and more preferably 95 or more.
[0422] The content of the repeating units having a lactone group is preférably from 15 to 60%
by mole, more preferably from 20 to 50% by mole, and still more preferably from 30 to 50%
by mole, based on al the repeating units in the resin (A").
[0423] Specific examples of the repeating unit having a lactone group are shown below, but
the present invention is not limited thereto.
[Chem. 61]
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(wherein RxisH, C¥%, CH,OH, or CF,)

Rx Rx Rx Rx Rx Rx
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[Chem. 63]
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(wherein RsisH, CHs, CH;OH, or CF3)

Rx Rx & 8

o Aowg- e —fone
) 0 %
. .

Rx Rx fix iy

—foH-¢)- ~foH—C- ey _(_CHr?o_
_ 0 ‘ HOOC

Rx

oy on I-f e oo
HyCOzSHNOC
OOC

[0424] The resin (A') preferably has a repeating unit containing a hydroxyl group or a cyano
group. This increases the adherence to a substrate and affinity to a developer. The
repeating unit having a hydroxyl group or a cyano group is preferably a repeating unit having
an alicyclic hydrocarbon structure substituted with a hydroxyl group or acyano group. The
alicyclic hydrocarbon structure in the aliéyclic hydrocarbon structure substituted with a
hydroxyl group or acyano group is preferably an adamantyl group, a diadamantyl group, or a
norbornane group. Preferred examples of the aicyclic hydrocarbon structures substituted
with a hydroxyl group or a cyano group include the partial structures of the following general
formulae (Vila) to (VIld).

[Chem. 64]
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R.c R.¢ RaC
2 gﬂw 2 RyC 2 %‘R@ —_@CN
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(Vila) (VI1b) (VI1c) (V1 1d)

[0425] In the general formulae (Vila) to (VIic),

R.c to rac each independently represent a hydrogen atom, a hydroxyl group, or a
cyano group, provided that at least one of R,C to rac represents a hydroxyl group or a cyano
group. A structure where one or two members out of R.c to rac are hydroxyl groups with the
remaining members being a hydrogen atom is preferred.  In the general formula (Vila), it is
more preferable that two members out of R.c to Rac be hydroxyl groups and the remaining
members be a hydrogen atom.

[0426] Examples of the repeating units having partial structures represented by the general
formulae (Vila) to (VIId) include repeating units represented by the following genera
formulae (Alia) to (Alld).

[Chem. 65]
o0 co coo-—@\
COOQR:;O CN
ch ch ch R,c
R4C
Rsc
Rsc
(AIIa) (Al11b) (AT Ie) (A11d)

[0427] In the general formulae (Alia) to (Alld),

Ric represents a hydrogen atom, a methyl group, a trifluoromethyl group, or a
hydroxymethy! group.
[0428] R.c to rac have the same meanings as R,C to rac in the general formulae (Vila) to
(VIIc).
[0429] The content of the repeating units having a hydroxyl group or a cyano group is
preferably from 5 to 40% by mole, more preferably from 5 to 30% by mole, and still more
preferably from 10 to 25% by mole, based on all the repeating units in the resin (A").
[0430] Specific examples of the repeating unit having a hydroxyl group or a cyano group are
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shown below, but the present invention is not limited thereto.
[Chem. 66]

HO HO HO HO HO
OH : .
L T S T T
CN CN CN % fﬁa
B
o OH

[0431] . The resin (A") preferably has a repeating unit having an alkali-soluble group.
Examples of the akali-soluble group include a carboxyl group, a sulfonamide group, a
sulfonylimide group, a bissulfonylimide group, and an aiphatic alcohol (for example, a
hexafluoroisopropanol  group) with the aposition being substituted with an
electron-withdrawing group, and more preferably has arepeating unit having a carboxy! group.
By virtue of containing the repeating units having an alkali-soluble group, the resolution
increases in the usage of forming contact holes. As the repeating unit having an
alkali-soluble group, arepeating unit in which an akali-soluble group is directly bonded to the
main chain of a resin such as a repeating unit by an acrylic acid or a methacrylic acid, a
repeating unit in which an akali-soluble group is bonded to the main chain of aresin by a
connecting group, and arepeating unit in which a polymerization initiator or a chain transfer
agent having an alkali-soluble group is used in the polymerization to be introduced into the
end of apolymer chain are al preferred, and the connecting group may have a monocyclic or
polycyclic hydrocarbon structure. A repeating unit of acrylic acid or methacrylic acid is
particularly preferred. |

[0432] The content of the repeating units having an akali-soluble group is preferably from O
to 20% by mole, more preferably from 3 to 15% by mole, and still more preferably from 5 to
10% by mole, based on the entire repeating units in the resin (A).

[0433] Specific examples of the repeating unit having an alkali-soluble group are shown below,
but the present invention is not limited thereto.

[Chem. 67]



WO 2013/100158 PCT/JP2012/084249

84

(wherem Rx is H, CHs, CF3, CHzOH)
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[0434] The resin (A') may further have an alicyclic hydrocarbon structure and may have a
repeating unit which does not show acid-decomposability. This can reduce the elution of low
molecular components from a resist film to a liquid for immersion liquid upon immersion
liquid exposure. Examples of the repeating unit include repeating units of 1-adamantyl
(meth)acrylate, diamantyl (meth)acrylate, tricyclodecanyl (meth)acrylate, or cyclohexyl
(meth)acrylate.
[0435] Theresin (A') may contain, in addition to the above-described repeating structural units,
various repeating structural units for the purpose of controlling the dry etching resistance,
suitability for a standard developer, adherence to a substrate, a resist profile, and properties
| generaly required of aresist, such asresolution, heat resistance, and sensitivity.
[0436] Examples of such a repeating structural unit include, but are not limited to, repeating
structural units corresponding to the monomers described below.
[0437] The performance required for theresin (A"), particularly

(1) solubility in a coating solvent,

(2) afilm-forming property (glass transition point),

(3) akaline developability,

(4) film loss (selection of a hydrophilic, hydrophobic, or alkali-soluble group),
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(5) adherence of an unexposed area to a substrate,

(6) dry etching resistance,

and the like, can be subtly controlled.
[0438] The resin (A') can be synthesized according to an ordinary method (for example,
radical polymerization).  Examples of the general synthesis method include a batch
polymerization method in which a monomer species and an initiator are dissolved in a solvent
and heated so as to accomplish polymerization and a dropping polymerization method in
which a solution of monomer species and initiator is added by dropwise addition to a heated
solvent over 1to 10 hours. The dropping polymerization method ispreferred. Examples of
the reaction solvent include tetrahydrofuran, 1,4-dioxane, ethers such as diisopropyl ether,
ketones such as methyl ethyl ketone and methyl isobutyl ketone, an ester solvent such as ethyl
acetate, an amide solvent such as dimethylformamide and dimethylacetamide, and the solvents
capable of dissolving the composition of the present invention as described later, such as
propylene glycol monomethyl ether acetate, propylene glycol monomethyl ether, and
cyclohexanone.  The polymerization is more preferably carried out using the same solvent as
the solvent used in the positive tone resist composition of the present invention. By this,
generation of particles during storage may be inhibited.
[0439] The polymerization reaction is preferably carried out in an inert gas atmosphere such as
nitrogen or argon. Regarding the polymerization initiator, the polymerization is started using
a commercialy available radical initiator (an azo-based initiator, a peroxide, and the like).
The radical initiator is preferably an azo-based initiator, and an azo-based initiator having an
ester group, a cyano group or a carboxyl group is preferred. Preferred examples of the
initiator  include azobisisobutyronitrile,  azobisdimethylvaleronitrile  and  dimethyl
2,2'-azobis(2-methylpropionate).  The initiator is added additionally or dividedly, if desired.
After the completion of reaction, the reaction solution is} poured into a solvent, and the desired
polymer is collected by powder or solid recovery, or other methods. The concentration
during the reaction is in the range of 5 to 50% by mass, and preferably 10 to 30% by mass, and
the reaction temperature is usualy in the range of 10°C to 150°C, preferably 30°C to 120°C,
and more preferably 60°C to 100°C.
[0440] The weight average .molecular weight of the resin (A) is preferably from 1,000 to
200,000, more preferably from 2,000 to 20,000, still more preferably from 3,000 to 15,000,
and particularly preferably from 3,000 to 10,000, in terms of a polystyrene by means of a GPC
method. When the weight average molecular weight is from 1,000 to 200,000, the



WO 2013/100158 PCT/JP2012/084249

86
deterioration of heat resistance and dry etching resistance, and the deterioration of
developability or afilm forming property due to an increase in viscosity may be prevented.
[0441] The dispersity (molecular weight distribution) is usualy in the range of 1 to 3,
preferably 1to 2.6, still more preferably 1to 2, and particularly preferably 1.4to 1.7. Asthe
molecular weight distribution is narrower, the resolution and resist profile are better, the side
wall of the resist pattern is smoother, and the roughness property is more improved.
[0442] The resin (Ab) may be used in combination of two or more kinds thereof.
[0443] The addition amount of the resin (Ab) in terms of atotal amount is usualy from 10 to
99% by mass, preferably from 20 to 99% by mass, and particularly preferably from 30 to 99%
by mass, based on the total solid contents of the composition of the present invention.
[0444] Specific examples of the resin (Ab) are shown below, but the present invention is not
limited thereto.
[Chem. 68]
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[0445] In the case where the resin (Ab) contains no acid-generating repeating unit (B), the
content of the fluorine atom-containing repeating unit is preferably 1% by mole or less, and

more preferably, the repeating unit contains no fluorine atom. In the case where the resin



WO 2013/100158 PCT/JP2012/084249

123
(Ab) has arepeating unit (B), the repeating unit is arepeating unit other than the repeating unit
(B), and the content of the fluorine atom-containing repeating unit is more preferably 1% by
mole or less, and most preferably, the repeating unit contains no fluorine atom.
[0446] (3) Compound Capable of Generating Acid upon Irradiation with Actinic Rays or
Radiation
[0447] The composition of the present invention may further include a compound capable of
generating an acid by irradiation with actinic rays or radiation (also hereinafter referred to a
"photo-acid generator").
[0448] As such a photo-acid generator, photoinitiators for photo-cation polymerization,
photoinitiators for photo-radical polymerization, photodecoloring agents, photo-discoloring
agents, known compounds that generate an acid by irradiation with actinic rays or radiation,
which are used in microresists, or the like, mixtures thereof may be suitably selected and used.
Examples thereof include onium sats such as a sulfonium salt and an iodonium salt, and
diazodisulfone compounds such as bis(alkylsulfonyldiazomethane).
[0449] Preferred examples of the photo-acid generator include the compounds represented by
the following general formulae (ZI), (ZI1) and (Z111).

[Chem. 107]
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[0450] In the general formula (Z1), R

H011 Rogp @Nd Ry 3 €ach independently represent an organic

group. The number of carbon atoms of the organic group as R,;i, R,,, ahd R, is, for

3
example, from 1to 30, and preferably from 1to 20.

[0451] Two members out of Ry to R,,, rnay be bonded to each other via a single bond or a
connecting group to form aring structure. In this case, examples of the connecting group
include an ether bond, a thioether bond, an ester- bond, an amide bond, a carbonyl group, a
methylene group, and an ethylene group. Examples of the group formed by combining two
members out of R,,i to R, include akylene groups such as a butylene group and a pentylene
group.

[0452] Specific examples of R,,i, R,, and R,,, include the corresponding groups in the
compound (ZI1-1), (Z1-2), or (ZI-3) as described later.

[0453] X" represents a non-nucleophilic anion. Examples of X" include a sulfonate anion, a
bis(alkylsulfonyl)amide anion, a tris(alkylsulfonyl)methide anion, BF,, PFs’, and SbF;. X~
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is preferably an organic anion containing a carbon atom. Preferred examples of the organic
anions include organic anions represented by the following ANI to AN3.
[Chem. 108]

RC1 SO 2 Re4 SQQ
Rc- S0 ° NO RS0,C O
RC,S0., Rc4S0%
AN1 AN2 AN3

[0454] In the formulae ANI to AN3, Rci to Rc, each independently represent an organic group.
Examples of the organic group include an organic group having 1to 30 carbon atoms, and the
organic group is preferably an akyl group, an aryl group, or a group formed by connecting a
plurality of these groups through a connecting group. Examples of the connecting group
include a single bond, -0-, -CO,-, -S, -S0 ;- and -SO ,N(Rdi)-. Here, Rdi represents a
hydrogen atom or an alkyl group and may form aring structure together with the alkyl group
or aryl group to which Rdi is bonded.

[0455] The organic group of Rci to Rc; may be an alkyl group substituted with a fluorine atom
or afluoroalkyl group at the 1-position, or aphenyl group substituted with a fluorine atom or a
fluoroalkyl group. By virtue of having a fluorine atom or a fluoroalkyl group, the acidity of
the acid generated upon irradiation with light is increased and in turn, the sensitivity of the
actinic ray-sensitive or radiation-sensitive resin composition is enhanced. Incidentally, each
of Rci to Rc; may be bonded to another akyl group, aryl group, or the like to form a ring
structure.

[0456] Furthermore, preferred examples of X include sulfonic acid anions represented by the
following general formula (SA1) or (SA2).

[Chem. 109]
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[0457] In the formula (SA1),

Ar, represents an aryl group, and may further have a substituent other than a -(D-B)
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group.
[0458] n represents an integer of 1 or more, and n is preferably from 1to 4, more preferably
from 2 to 3, and most preferably 3.
[0459] D represents a single bond or a divalent connecting group. This divalent connecting
group is an ether group, a thioether group, a carbonyl group, a sulfoxide group, a sulfone
group, asulfonic acid ester group, or an ester group.
[0460] B represents a hydrocarbon group.
[Chem. 110]

Xf R,
-OHCI';H%H%_E -
Xt R,

[0461] In the formula (SA2),

Xf's each independently represent afluorine atom, or an alkyl group with at least one
hydrogen atom being substituted with at least one fluorine atom.
[0462] Ri and R, each independently represent a hydrogen atom, a fluorine atom, an akyl
group, or an alkyl group with at least one hydrogen atom being substituted with at least one
fluorine atom, and in the case where apluraity of Ri's and R;'s are present, they may be the
same as or different from each other.
[0463] L represents a single bond or a divalent connecting group, and in the case where a
plurality of L's are present, they may be the same as or different from each other.
[0464] E represents a group having a cyclic structure. '
[0465] x represents an integer of 1to 20, y represents an integer of 0 to 10, and z represents an
integer of O to 10.
[0466] First, the sulfonic acid anion represented by the formula (SA1) will be described in
detail.
[0467] In the formula (SA1), Ari is preferably an aromatic ring having 6 to 30 carbon atoms.
Specifically, examples of Ar, include a benzene ring, a naphthalene ring, a pentalene ring, an
indene ring, an azulene ring, a heptalene ring, an indecene ring, a perylene ring, a pentacene
ring, an acenaphthalene ring, a phenanthrene ring, an anthracene ring, a naphthacene ring, a
chrysene ring, atriphenylene ring, a fluorene ring, a biphenyl ring, apyrrole ring, afuran ring,
athiophene ring, an imidazole ring, an oxazole ring, athiazole ring, apyridine ring, apyrazine

- ring, apyrimidine ring, apyridazine ring, an indolizine ring, an indole ring, a benzofuran ring,
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a benzothiophene ring, an isobenzofuran ring, a quinolidine ring, a quinoline ring, a
phthalazine ring, a naphthylidine ring, a quinoxaline ring, a quinoxazoline ring, an
isoquinoline ring, a carbazole ring, a phenanthridine ring, an acridine ring, a phenanthroline
ring, a thianthrene ring, a chromene ring, a xanthene ring, a phenoxathiine ring, a
phenothiazine ring, and a phenazine ring. Among these, from the viewpoints of a balance
between the improvement of roughness and the realization of high sensitivity, a benzene ring,
anaphthalene ring, and an anthracene ring are preferred, and abenzene ring is more preferred.
[0468] In the case where Ar; further has a substituent other than a -(D-B) group, the
substituent may be exemplified as follows. That is, examples of the substituent include
halogen atoms such as a fluorine atom, a chlorine atom, a bromine atom and an iodine atom;
alkoxy groups such as a methoxy group, an ethoxy group and a tert-butoxy group; aryloxy
groups such as a phenoxy group and a p-tolyloxy group; alkylthioxy groups such as a
methylthioxy group, an ethylthioxy group and atert-butylthioxy group; arylthioxy groups such
as a phenylthioxy group and a p-tolylthioxy group; alkoxycarbonyl groups such as a
methoxycarbonyl group, a butoxycarbonyl group and a phenoxycarbonyl group; acetoxy
groups; linear alkyl groups such as a methyl group, an ethyl group, a propyl group, a butyl
group, a heptyl group, a hexyl group, a dodecyl group and a 2—ethylhexyl group; branched
alkyl groups; alkenyl groups such as a vinyl group, a propenyl group and a hexenyl group;
acetylene groups; akynyl groups such as a propynyl group and a hexynyl group; aryl groups
such as a phenyl group and a tolyl group; a hydroxy group; a carboxy group; and a sulfonic
acid group. Among these, from the viewpoint of the improvement of roughness, linear alkyl
groups and branched alkyl groups are preferred.
[0469] In the formula (SA1), D is preferably a single bond, or an ether group or ester group.
More preferably, D is a single bond.
[0470] In the formula (SA1), B is, for example, an alkyl group, an alkenyl group, an akynyl
group, an aryl group or acycloakyl group. B is, preferably, an alkyl group or a cycloalkyl
group. The akyl group, the akenyl group, the alkynyl group, the aryl group, or the
cycloalkyl group as B may have a substituent.
[0471] The akyl group as B is preferably abranched alkyl group. Examples of the branched
alkyl group include an isopropyl group, a tert-butyl group, a tert-pentyl group, a neopentyl
group, a sec-butyl group, an isobutyl group, an isohexyl group, a 3,3-dimethy|pehtyl group,
and a 2-ethylhexyl group.
[0472] The cycloakyl group as B may be either a monocyclic cycloalkyl group or apolycyclic
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cycloalkyl group. Examples of the monocyclic cycloakyl group include a cyclopropyl group,
~ a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group and a
cyclooctyl group. Examples of the polycyclic cycloalkyl group include an adamantyl group,
a norbornyl group, a bornyl group, a camphenyl group, a decahydronaphthyl group, a
tricyclodecanyl group, a tetracyclodecanyl group, a camphoroyl group, a dicyclohexyl groub
and apinenyl group.
[0473] In the case where the akyl group, the alkenyl group, the alkynyl group, the aryl group,
or the cycloakyl group as B has a substituent, the substituent may be exemplified as follows.
That is, examples of the substituent include halogen atoms such as a fluorine atom, a chlorine
atom, a bromine atom and an iodine atom; alkoxy groups such as a methoxy group, an ethoxy
group and a tert-butoxy group; aryloxy groups such as a phenoxy group and a p-tolyloxy
group; akylthioxy groups such as a methylthioxy group, an ethylthioxy group and a
tert-butylthioxy group; arylthioxy groups such as a phenylthioxy group and a p-tolylthioxy
group; akoxycarbonyl groups such as a methoxycarbonyl group, a butoxycarbonyl group and
aphenoxycarbonyl group; acetoxy groups; linear alkyl groups such as a methyl group, an ethyl
group, a propyl group, a butyl group, a heptyl group, a hexyl group, a dodecyl group and a
2-ethylhexyl group; branched akyl groups, cycloalkyl groups such as a cyclohexyl group;
alkenyl groups such as avinyl group, apropenyl group and a hexenyl group; acetylene groups;
alkynyl groups such as a propynyl group and a hexynyl group; aryl groups such as a phenyl
group and a tolyl group; a hydroxy group; a carboxy group; and a sulfonic acid group.
Among these, from the viewpoint of abalance between the improvement of roughness and the
realization of high sensitivity, linear alkyl groups and branched alkyl groups are preferred.
[0474] Next, the sulfonic acid anion represented by the formula (SA2) will be described in
detail.
[0475] In the formula (SA2), Xf is a fluorine atom or an akyl group with a least one "
hydrogen atom being substituted with at least one fluorine atom. The alkyl group preferably
has 1to 10 carbon atoms, and more preferably 1to 4 carbon atoms. Further, the alkyl group
substituted with fluorine atoms is preferably a perfluoroalkyl group.
[0476] Xf ispreferably a fluorine atom or a perfluoroalkyl group having 1to 4 carbon atoms.
Specifically, Xf ispreferably afluorine atom, CF;, C,F;, CJF;, caF9, CsFyy, GoF ,, CF ., CgFis,
CH,CF; CH,CH,CF;, CH,C)F;, CH,CH,CJF; CH,GF;, CH,CH,C)F,, CH,C,F, or

13’

CH,CH,c4rF9.  Among these, a fluorine atom or CF; is preferred, and a fluorine atom is most
preferred.
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[0477] In the formula (SA2), each of Ri and R, is a group selected from a hydrogen atom, a
fluorine atom, an alkyl group, and an akyl group with at least one hydrogen atom being
substituted with at least one fluorine atom. The alkyl group which may be substituted with
fluorine atom(s) preferably has 1to 4 carbon atoms. Further, the alkyl group which may be
substituted with fluorine atom(s) is particularly preferably aperfluoroalkyl group having 1to 4
carbon atoms.  Specific examples thereof include CF;, CF;, CiF;, C4r9, CFn, CgFy4, C7F15,
CgF,,, CH,CF;, CH,CH,CF;, CH,GF;, CH,CH.CF;, CH,CJF;, CH,CH,CJF;, CH,C,F,, and
CH,CH,C,F9, and among these, CF; is preferred.
[0478] In the formula (SA2), x is preferably from 1to 8, and more preferably from 1to4. vy
is preferably from O to 4, and more preferably 0. z is preferably from 0 to 8, and more
preferably from 0 to 4. |
[0479] In the formula (SA2), L represents a single bond or a divalent connecting group.
Examples of the divalent connecting group include -COO-, -OCO-, -CO-, -0-, -S-, -SO-,
-S0 -, an akylene group, a cycloakylene group, and an alkenylene group. Among these,
-COO-, -0OCO-, -CO-, -0-, -S, -SO- or -0 ,- is preferred, and -COO-, -OCO- or -0 - is
more preferred.
[0480] In the formula (SA2), E represents a group having a ring structure. Examples of E
include a cyclic aliphatic group, an aryl group, and a group having a heterocyclic structure.
[0481] The cyclic aliphatic group as E may have a monocyclic structure or a polycyclic
structure.  As the cyclic adiphatic group having a monocyclic structure, monocyclic
cycloalkyl groups such as a cyclopentyl group, acyclohexyl group and a cyclooctyl group are
preferred. As the cyclic aliphatic group having a polycyclic structure, polycyclic cycloalkyl
groups such as a norbornyl group, a tricyclodecanyl group, a tetracyclodecanyl group, a
tetracyclododecanyl group and an adamantyl group are preferred. Particularly, in the case
where a cyclic aiphatic group having a structure with a high volume, such as a 6 or
more-membered ring is employed as E, the diffusion in the film a the step of PEB
(post-exposure heating), and thus, the resolution and EL (exposure latitude) can be further
improved.
[0482] The aryl group asE is, for example, a benzene ring, a naphthalene ring, a phenanthrene
ring, or an anthracene ring.
[0483] The group having a heterocyclic structure as E may or may not have aromatic
properties. Asthe heteroatom contained in the group, a nitrogen atom or an oxygen atom is

preferred.  Specific examples of the heterocyclic structure include a furan ring, a thiophene
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ring, a benzofuran ring, a benzothiophene ring, a dibenzofuran ring: a dibenzothiophene ring, a

pyridine ring, a piperidine ring and a morpholine ring. Among these, a furan ring, a

thiophene ring, apyridine ring, a piperidine ring, and a morpholine ring are preferred.

[0484] E may have a substituent. Examples of the substituent include alkyl groups (being

linear, branched, or cyclic, and preferably having 1 to 12 carbon atoms), aryl groups

(preferably having 6 to 14 carbon atoms), a hydroxy group, an alkoxy group, an ester group,

an amide group, a urethane group, a ureido group, athioether group, a sulfonamide group and

asulfonic acid ester group.

[0485] Examples of the sulfonic acid anion represented by the general formula (SAl) or (SA2)

include the following.

[Chem. 111]
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[0486] Asthe photo-acid generator, a compound having aplurality of structures represented by
the general formula (ZI) may be aso used. For example, the compound may be a compound
having a structure where at least one of R; to R, in a compound represented by the general
formula (Z1) is bonded to a least one of R,i to R, of another compound represented by the

general formula (Z1).
[0487] More preferred examples of the (ZI) component include the compounds (ZI-1) to
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(Z1-4) asdescribed below.
[0488] For the compound (ZI-1), at least one of R, to R, in the general formula (ZI) is an
aryl group. That is, the compound (ZI-1) is an arylsulfonium compound, that is, a compound
having arylsulfonium as a cation.
[0489] For the compound (ZI-1), al of R,ei to R,, may be aryl groups, or parts of R,,, to R,
may be aryl groups with the remaining groups being alkyl groups. Further, in the case where
the compound (ZI-1) has a plurality of aryl groups, these aryl groups may be the same as or
different from each other.
[0490] Examples of the compound (ZI-1) include a triarylsulfonium compound, a
diarylalkylsulfonium compound and an aryldialkylsulfonium compound.
[0491] As the aryl group in the compound (ZI-1), a phenyl group, a naphthyl group, or a
heteroaryl group such as an indole residue and a pyrrole residue is preferred, and a phenyl
group, anaphthyl group, or an indole residue is particularly preferred.
[0492] The alkyl group which is contained, if desired, in the compound (ZI-1) is preferably a
linear, branched, or cyclic alkyl group having 1to 15 carbon atoms, and examples thereof
include a methyl group, an ethyl group, apropyl group, an n-butyl group, a sec-butyl group, a
t-butyl group, acyclopropyl group, acyclobutyl group and a cyclohexyl group.
[0493] These aryl groups and akyl groups may have substituents. Examples of the
substituents include an alkyl group (preferably having 1to 15 carbon atoms), an aryl group
(preferably having 6 to 14 carbon atoms), an alkoxy group (preferably having 1to 15 carbon
atoms), ahalogen atom, a hydroxyl group, and aphenylthio group.
[0494] Preferred examples of the substituent include a linear, branched, or cyclic akyl group
having 1to 12 carbon atoms, and a linear, branched, or cyclic alkoxy group having 1to 12
carbon atoms. Particularly preferred examples of the substituent include an akyl group
having 1to 6 carbon atoms and an alkoxy group having 1to 6 carbon atoms. The substituent
may be substituted on any one of three members R,,i to R,,, or may be substituted on all of
these members. In the case where R, to R, are a phenyl group, the substituent is
preferably substituted at the p-position of the aryl group.
[0495] Furthermore, it is aso preferable that one or two members out of R,,i, R,,, and R, ; be
an optionally substituted aryl group and the remaining groups be linear, branched, or cyclic
akyl groups. Specific examples of the structures include the structures described in
paragraphs 0141 to 0153 of JP2004-210670A.

[0496] Here, specific examples of the aryl group include the same aryl groups as R,,i, R,o2
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and Ry3. It ispreferable for the aryl group to have any one of a hydroxyl group, an akoxy
group, and an akyl group as a substituent. The substituent is more preferably an akoxy
group having 1to 12 carbon atoms, and still more preferably an alkoxy group having 1to 6
carbon atoms.
[0497] The linear, branched, or cyclic alkyl groups of the remaining groups are preferably
alkyl groups having 1 to 6 carbon atoms. These groups may further have substituents.-
When two remaining groups exist, they may be bonded to each other to form aring structure.
[0498] The compound (ZI-1) is, for example, a compound represented by the following
general formula (ZI-1A).
[Chem. 112]
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H/ X (Z1-1A)
o)
Ris

Ris

[0499] In the genera formula (ZI-1A),

Ri3 represents a hydrogen atom, fluorine atom, a hydroxyl group, an akyl group, a
cycloalkyl group, an alkoxy group, acycloakyloxy group, or an alkoxycarbonyl group.
[0500] In the case of a plurality of Rj4'Sbeing present, they each independently represent an
akyl group, a cycloakyl group, an akoxy group, an akylsulfonyl group,' or a
cycloakylsulfonyl group.
[0501] Riz's each independently represent an alkyl group or acycloakyl group. Two Riss
may be bonded to each other to form aring structure.
[0502] 1represents an integer of O to 2.
[0503] r represents an integer of O to 8.
[0504] X represents a non-nucleophilic anion and examples thereof include the same X™'s in
the general formula (Z1).
[0505] The akyl group of Rij, Ry, or Ri; may be either a linear akyl group or a branched
alkyl group. The akyl group preferably has 1 to 10 carbon atoms, and examples thereof
include amethyl group, an ethyl group, an n-propyl group, an i-propyl group, an n-butyl group,
a 2-methylpropyl group, a 1-methylpropyl group, a t-butyl group, an n-pentyl group, a
neopentyl group, an n-hexyl group, an n-heptyl group, an n-octyl group, a 2-ethylhexyl group,

an n-nonyl group, and an n-decyl group. Among these, a methyl group, an ethyl group, an
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n-butyl group and at-butyl group are particularly preferred.
[0506] Examples of the cycloalkyl group of Ri3, Ri4 or Ryginclude a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, acyclododecanyi group, a cyclopentenyl group, a cyclohexenyl and a cyclooctadienyl
group. Among these, a cyclopropyl group, a cyclopentyl group, a cyclohexyl group, and a
cyclooctyl group are particularly preferred.
[0507] Examples of the alkyl group moiety in the alkoxy group of Ri; or Ry, include those
exemplified above as the alkyl group of Rt3, Ri, Or Ris. As the akoxy group, a methoxy
group, an ethoxy group, an n-propoxy group, and an n-butoxy group are particularly preferred.
[0508] Examples of the cycloalkyl group moiety in the cycloalkyloxy group of Ri, include
those exemplified above as the cycloalkyl group of R ;, Ry, Or Ry;. As the cycloalkyloxy
group, acyclopentyloxy group and a cyclohexyloxy group are particularly preferred.
[0509] Examples of the alkoxy group moiety in the alkoxycarbonyl group of Ri, include those
exemplified above as the alkoxy group of Ri; or Ri,. As the akoxycarbonyl group, a
methoxycarbonyl group, an ethoxycarbonyl group, and an n-butoxycarbonyl group are
particularly preferred.
[0510] Examples of the alkyl group moiety in the akylsulfonyl group of Ri, include those
exemplified above as the alkyl group of Ri;, Ri, or Ry5. Further, examples of the cycloalkyl
group moiety in the 'cycloal kylsulfonyl group of R4 include those exemplified above as the
cycloalkyl group of Rig, Ri, Or Rig. Asthe akylsulfonyl group or cycloalkylsulfonyl group,
a methanesulfonyl group, an ethanesulfonyl group, an n-propanesulfonyl group, an
n-butanesulfonyl group, a cyclopentanesulfonyl group and a cyclohexanesulfonyl group are
particularly preferred.
[0511] lispreferably O or 1, and more preferably 1. rispreferably Oto 2.
[0512] Each of the groups of Ri;, R4 and Rig may further have a substituent. Examples of
the substituent include halogen atoms such as a fluorine atom, a hydroxy group, a carboxy
group, a cyano group, anitro group, an alkoxy group, a cycloalkyloxy group, an alkoxyalkyl
group, acycloalkyloxyalkyl group, an alkoxycarbonyl group, a cycloakyloxycarbonyl group,
an alkoxycarbonyloxy group, and a cycloalkyloxycarbonyloxy group.
[0513] The akoxy group may be linear or branched. Examples of the alkoxy group include
those having 1to 20 carbon atoms, such as a methoxy group, an ethoxy group, an n-propoxy
group, an i-propoxy group, an n-butoxy group, a 2-methylpropoxy group, a 1-methylpropoxy

group and at-butoxy group.



WO 2013/100158 PCT/JP2012/084249

134
[0514] Examples of the cycloalkyloxy group include those having 3 to 20 carbon atoms, such
as a cyclopentyloxy group and a cyclohexyloxy group.
[0515] The akoxyalkyl group may be linear or branched. Examples of the alkoxyalkyl group
include those having 2 to 21 carbon atoms, such as a methoxymethyl group, an ethoxymethyl
group, a 1-methoxyethyl group, a 2-methoxyethyl group, a 1-ethoxyethyl group, and
2-ethoxyethyl group.
[0516] Examples of the cycloalkyloxyalkyl group include those having 4 to 21 carbon atoms,
such as a cyclohexyloxymethyl group, a cyclopentyloxymethyl group, and a
cyclohexyloxyethyl group.
[0517] The akoxycarbonyl group may be linear or branched.  Examples of the
alkoxycarbonyl group include those having 2 to 21 carbon atoms, such as a methoxycarbonyl
group, an ethoxycarbonyl, n-propoxycarbonyl group, an i-propoxycarbonyl group, an
n-butoxycarbonyl group, a 2-methylpropoxycarbonyl group, a 1-methylpropoxycarbonyl
group, and at-butoxycarbony! group.
[0518] Examples of the cycloakyloxycarbonyl group include those having 4 to 21 carbon
atoms, such as a cyclopentyloxycarbonyl group and a cyclohexyloxycarbonyl group.
[0519] The akoxycarbonyloxy group may be linear or branched. Examples of the
alkoxycarbonyloxy group include those having 2 to 21 carbon atoms, such as a
methoxycarbonyloxy group, an ethoxycarbonyloxy group, an n-propoxycarbonyloxy group, an
i-propoxycarbonyloxy group, an n-butoxycarbonyloxy group, and a t-butoxycarbonyloxy
group.
[0520] Examples of the cycloakyloxycarbonyloxy group include those having 4 to 21 carbon
atoms, such asacycl opentyloxycérbonyl oxy group and a cyclohexyloxycarbonyloxy group.
[0521] As the ring structure which may be formed by the mutual bonding of two RIS,
structures that form a 5- or 6-membered ring together with the S atom in the formula (ZI-1A)
are preferred, and structures that form a 5-membered ring (that is, a tetrahydrothiophene ring)
are particularly preferred. |
[0522] The ring structure may further have a substituent. - Examples of the substituent include
a hydroxy group, a carboxy group, a cyano group, a nitro group, an alkoxy group, an
alkoxyalky! group, an alkoxycarbonyl group, and an alkoxycarbonyloxy group.
[0523] As Ri5, a methyl group, an ethyl group, and a divalent group that forms a
tetrahydrothiophene ring structure by the mutual bonding of two Ris's together with a sulfur |

atom are particularly preferred.



WO 2013/100158 PCT/JP2012/084249
135

[0524] The akyl group, the cycloakyl group, the alkoxy group and the akoxycarbonyl group
of Ri5, and the alkyl group, the cycloalkyl group, the alkoxy group, the akylsulfonyl group
and the cycloalkylsulfonyl group of R;4 may further have a substituent.  Asthe substituent, a
hydroxy group, an alkoxy group, an alkoxycarbonyl group, and a halogen atom (particularly a
fluorine atom) are preferred.

[0525] Preferred specific examples of the cation in the compound represented by the general

formula (ZI-1A) are shown below.

[Chem. 113]
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[0526] Next, the compound (ZI-2) will be described.

[0527] The compound (ZI-2) is a compound in which Ry to R, in the formula (ZI) each
independently represent an aromatic ring-free organic group. The aromatic ring as used
herein includes an aromatic ring containing a heteroatom.

[0528] The aromatic ring-free organic group as R,y to R,y; has 1to 30 carbon atoms, and
preferably 1to 20 carbon atoms.

[0529] Ryo; tO R,y; are each independently preferably an alkyl group, a 2-oxoalkyl group, an
alkoxycarbonylmethyl group, an alyl group, or a vinyl group, more preferably a linear,
branched, or cyclic 2-oxoalkyl group or an akoxycarbonylmethyl group, and particularly
preferably alinear or branched 2-oxoalkyl group.

[0530] The akyl group as R,0, to R,;3 may be linear, branched, or cyclic, and preferred
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examples thereof include linear or branched akyl groups having 1to 10 carbon atoms (for
example, a methyl group, an ethyl group, a propyl group, a butyl group, and a pentyl group)
and cycloalkyl groups having 3 to 10 carbon atoms (a cyclopentyl group, a cyclohexyl group,
or anorbornyl group).
[0531] The 2-oxoakyl group as R,,i to R,,; may be linear, branched or cyclic, and preferred
examples thereof include a group having >C=0 at the 2-position of the above-described alkyl
group.
[0532] Preferred examples of the alkoxy group in the alkoxycarbonylmethyl group as R, to
R,g3 include an alkoxy group having 1to 5 carbon atoms (a methoxy group, an ethoxy group, a
propoxy group, abutoxy group, and apentoxy group).
[0533] R,0i to R,,3 may be further substituted with, for example, a halogen atom, an akoxyl
group (for example, having 1to 5 carbon atoms), a hydroxyl group, a cyano group, and/or a
nitro group.
[0534] Two members out of R,,i t0 R,o; May be bonded to each other to form a ring structure,
and the ring structure may contain an oxygen atom, a sulfiir atom, an ester bond, an amide
bond, and/or a carbonyl group in the ring. Examples of the group formed by the mutual
bonding of two members out of R,,i to R,y; include alkylene groups (for example, a butylene
group and a pentylene group).
[0535] Next, the compound (ZI-3) will be described.
[0536] The compound (ZI-3) is a compound represented by the following general formula

(Z1-3), which isacompound having aphenacylsulfonium structure.

[Chem. 114]
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[0537] In the formula, Ri, to R, each independently' represent a hydrogen atom, an alkyl
group, an akoxy group, or a halogen atom. The number of carbon atoms of the akyl group
and the alkoxy group is preferably from 1to 6.

[0538] Réc and R, represent a hydrogen atom or an alkyl group. The number of carbon
atoms of the alkyl group is preferably from 1to 6. , _

[0539] R, and R, each independently represent an alkyl group, a 2-oxoalkyl group, an
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alkoxycarbonylmethyl group, an allyl group, or avinyl group. The number of carbon atoms
of the atomic group ispreferably from 1to 6.
[0540] Any two or more members out of Ric to Ry, may be bonded to each other to form aring
structure, and the ring structure may contain an oxygen atom, a sulfur atom, an ester bond,
and/or an amide bond.
[0541] X in the general formula (ZI-3) has the same definition as X in the general formula
1.
[0542] Specific examples of the compound (ZI-3) include the compounds as the compounds
exemplified in paragraphs 0047 and 0048 of JP2004-233661A and paragraphs 0040 to 0046 of
JP2003-35948A.
[0543] Next, the compound (ZI-4) will be described.
[0544] The compound (ZI-4) is a compound having a cation represented by the following
general formula (ZI1-4). This compound (ZI-4) is effective to suppress outgassing.
[Chem. 115]
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[0545] In the genera formula (ZI-4),

R!to R® each independently represent a hydrogen atom or a substituent. At least
one of R1to R'3 is preferably a substituent containing an alcoholic hydroxyl group. Further,
the term "acoholic hydroxyl group” as used herein means a hydroxyl group bonded to a
carbon atom of an alkyl group.

[0546] Z represents a single bond or a divalent connecting group.

[0547] In the case where R' to R's are each a substituent containing an acoholic hydroxyl
group, R' to R" are each preferably a group represented by -(W-Y), wherein Y is an akyl
group substituted with a hydroxyl group and W is a single bond or a divalent connecting
group.

[0548] Preferred examples of the akyl group represented by Y include an ethyl group, a
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propyl group and an isopropyl group. Y particularly preferably contains a structure
represented by -CH,CH,OH.
[0549] The divalent connecting group represented by W is not particularly limited, but is
preferably a single bond or a divalent group formed by substituting a single bond for an
arbitrary hydrogen atom of an alkoxy group, an acyloxy group, an acylamino group, an akyl-
or aryl-sulfonylamino group, an akylthio group, an akylsulfonyl group, an acyl group, an
akoxycarbonyl group or a carbamoyl group, and more preferably a single bond or a divalent
group formed by substituting a single bond for an arbitrary hydrogen atom of an acyloxy
group, an akylsulfonyl group, an acyl group or an alkoxycarbonyl group.
[0550] In the case where R* to R® are a substituent containi ng an alcoholic hydroxyl group,
the number of carbons contained therein is preferably from 2 to 10, more preferably from 2 to
6, and particularly preferably from 2to 4.
[0551] The alcoholic hydroxyl group-containing substituent as R' to R'® may have two or
more alcoholic hydroxyl groups. The number of acoholic hydroxyl groups in the alcoholic
hydroxyl group-containing substituent as R1to R® is ffom 1to 6, preferably from 1to 3, and
more preferably 1.
[0552] The number of alcoholic hydroxyl groups contained in the compound represented by
the general formula (ZI-4) is, in total of all of R1to R, from 1to 10, preferably from 1to 6,
and more preferably from 1to 3.
[0553] In the case where R1to R'® contain no alcoholic hydroxyl group, examples of the
substituent as R1to R' include a halogen atom, an alkyl group, acycloalkyl group, an alkenyl
group, a cyclloalkenyl group, an alkynyl group, an aryl group, heterocycle group, a cyano
group, a nitro group, a carboxy group, an alkoxy group, an aryloxy group, a silyloxy group,
heterocyclic oxy group, an acyloxy group, a carbamoyloxy group, an alkoxycarbonyloxy
group, an aryloxycarbonyloxy group, an amino group (including an anilino group), an
ammonio group, an acylamino group, an aminocarbonylamino group, an alkoxycarbonylamino
group, an aryloxycarbonylamino group, a sulfamoylamino group, an akyl- or
aryl-sulfonylamino group, a mercapto group, an akylthio group, an arylthio group, a
heterocyclic thio group, a sulfamoyl group, a sulfo group, an alkyl- or aryl-sulfinyl group, an
alkyl- or aryl-sulfonyl group, an acyl group, an aryloxycarbonyl group, an alkoxycarbonyl
group, a carbamoyl group, an aryl- or heterocyclic azo group, an imide group, a phosphino
group, a phosphinyl group, a phosphinyloxy group, a phosphinylamino group, a phosphono

group, a silyl group, a hydrazino group, a ureido group, a boronic acid group (-B(OH),), a
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phosphato group (-OPO (OH),), a sulfato group (-OS0 ;H), and other known substituents.
[0554] In the case where R1to R" contain no alcoholic hydroxyl group, R1to R'® are each
preferably a hydrogen atom, a halogen atom, an alkyl group, a cycloalkyl group, an alkenyl
group, acycloalkenyl group, an alkynyl group, an aryl group, a cyano group, acarboxy group,
an akoxy group, an aryloxy group, an acyloxy group, a carbamoyloxy group, an acylamino
group, an aminocarbonylamino  group, an  akoxycarbonylamino  group, an
aryloxycarbonylamino group, a sulfamoylamino group, an akyl- or aryl-sulfonylamino group,
an akylthio group, an arylthio group, a sulfamoyl group, an akyl- or aryl-sulfonyl group, an
aryloxycarbonyl group, an alkoxycarbonyl group, a carbamoyl group, an imide group, a silyl
group, or aureido group.
[0555] In the case where R1to R contain no alcoholic hydroxyl group, R' to R" are each
more preferably a hydrogen atom, a halogen atom, an alkyl group, acycloakyl group, acyano
group, an akoxy group, an acyloxy group, an acylamino group, an aminocarbonylamino group,
an akoxycarbonylamino group, an akyl- or aryl-sulfonylamino group, an alkylthio group, a
sulfamoyl group, an akyl- or aryl-sulfonyl group, an alkoxycarbonyl group, or a carbamoyl
group.
[0556] In the case where R' to R contain no alcoholic hydroxyl group, R' to R3 are each
particularly preferably a hydrogen atom, an alkyl group, a cycloalkyl group, a halogen atom,
or an alkoxy group.
[0557] Two adjacent members out of R1to R'> may be bonded to each other to form aring
structure.  This ring structure includes an aromatic or non-aromatic hydrocarbon ring and a
heterocycle. These ring structures may be further combined with each other to form a
condensed ring.
[0558] The compound (ZI-4) preferably has a structure where at least one of R1to R's contains
an alcoholic hydroxyl group, and more preferably a structure where at least one of R9 to R13
contains an alcoholic hydroxyl group.
[0559] Z represents, as described above, a single bond or a divalent connecting group.
Examples of the divalent connecting group include an alkylene group, an arylene group, a
carbonyl group, a sulfonyl group, a carbonyloxy group, a carbonylamino group, a
sulfonylamide group, an ether group, athioether group, an amino group, adisulfide group, an
acyl group, an akylsulfonyl group, -CH=CH-, an aminocarbonylamino group, and an
aminosulfonylamino group.

[0560] The divalent connecting group may have a substituent. Examples of the substituent
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thereof are the same asthose enumerated above with respect to R! to R.
[0561] Z is preferably a non-electron- withdrawing bond or group such as a single bond, an
alkylene group, an arylene group, an ether group, a thioether group, an amino group,
-CH=CH-, an aminocarbonylamino group, and an aminosulfonylamino group, more preferably
a single bond, an ether group, or athioether group, and particularly preferably a single bond.
[0562] The genera formulae (ZI1) and (ZI11) will be described below.
[0563] In the generd formulae (ZII) and (ZII1), R, to R207 each independently represent an
aryl group, an akyl group, or a cycloalkyl group. The aryl group, the akyl group, and the
cycloalkyl group may have a substituent.
[0564] Preferred examples of the aryl group as R,y to R,,7 include the groups enumerated
above with respect to R, ;i to R,, in the compound (ZI-1).
[0565] Preferred examples of the alkyl group and the cycloalkyl group as R, to R, include
the linear, branched or cycloalkyl groups enumerated above with respect to R, i to R,, in the
compound (ZI-2). '
[0566] Further, X'sin the general formulae (ZIl) and (ZI1l) have the same definitions as X" in
the general formula (ZI).
[0567] Other preferred examples of the photo-acid generator include the compounds
represented by the following genera formula (ZIV), (ZV), or (ZV1).

[Chem. 116]
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[0568] In the general formulae (ZIV) to (ZV1),

Arz and Ar, each independently represent a substituted or unsubstituted aryl group.
[0569] Rjos's of the general formulae (ZV) and (ZV1) each independently represent an akyl
group, acycloalkyl group or an aryl group. These akyl groups, cycloakyl groups, and aryl
groups may or may not be substituted.
[0570] These groups are preferably substituted with a fluorine atom. This can increase the
strength of the acid generated from the photo-acid generator.
[0571] R, and R,io each independently represent an alkyl group, a cycloakyl group, an aryl
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group, or an electron-withdrawing group. The akyl group, the cycloalkyl group, the aryl
group, and the electron- withdrawing group may or may not be substituted.
[0572] Preferred examples of R, 9 include a substituted or unsubstituted aryl group.
[0573] Preferred examples of R0 include an electron-withdrawing group. Examples of this
electron-withdrawing group include a cyano group and a fluoroalkyl group.
[0574] A represents an akylene group, an akenylene group, or an arylene group. The
alkylene group, the alkenylene group, and the arylene group may have a substituent.
[0575] Moreover, as the photo-acid generator, a compound having a plurality of structures
represented by the general formula (ZVI1) is adso preferred. Examples of the compound
include a compound having a structure where R, 9 or R, in a compound represented by the
general formula (ZVI1) is bonded to R,,9 or R,io in another compound represented by the
genera formula (ZV1).
[0576] The photo-acid generator is more preferably a compound represented by any of the
general formulae (ZI) to (ZIII), still more preferably a compound represented by the general )
formula (Z1), and particularly preferably the compounds (ZI-1) to (ZI-3).
[0577] As the acid generator used in the present invention, a compound having a group
capable of decomposing by the action of an acid to increase the solubility in an akali
developer can also be preferably used. Examples of such an acid generator include the
compounds described in JP2005-97254A and JP2007-199692A, and the like.
[0578] Specific examples of the photo-acid generator are shown below, but the present
invention isnot limited thereto.
[Chem. 117]
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[0579] Furthermore, the photo-acid generator may be used aone or in combination of two or
more kinds thereof. In the latter case, compounds capable of generating two kinds of organic
acids differing in the number of al atoms excluding hydrogen atom by 2 or more are
preferably combined.

[0580] Furthermore, the content of the photo-acid generator is preferably from 0.1 to 50% by
mass, more preferably from 0.5 to 40% by mass, and still more preferably from 1 to 30% by
mass, based on the total solid contents of the composition.

[0581] (4) Resin (Aa) | "
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[0582] The composition according to the present invention may further contain aresin (Aa)
containing at least either one of a fluorine atom and a silicon atom.
[0583] In the resin (Aa), a least either one of a fluorine atom and a silicon atom may be
contained in the main chain or the side chain of the resin.
[0584] In the case where the resin (A@) contains fluorine atoms, the resin preferably contains,
as the fluorine atom-containing partial structure, a fluorine atom-containing akyl group, a
fluorine atom-containing cycloélkyl group or afluorine atom-containing aryl group.
[0585] The fluorine atom-containing alkyl group, preferably having 1to 10 carbon atoms, and
more preferably 1to 4 carbon atoms, is a linear or branched akyl group with at least one
hydrogen atom substituted with a fluorine atom, and may further have another substituent.
[0586] The fluorine atom-containing cycloalkyl group is a monocyclic or polycyclic
cycloalkyl group with at least one hydrogen atom being substituted by afluorine atom. This
fluorine atom-containing cycloalkyl group may further have another substituent other than
fluorine atoms. '
[0587] The fluorine atom-containing aryl group is an aryl group with at least one hydrogen
atom being substituted by a fluorine atom. Examples of this aryl group include a phenyl
group and a naphthyl group. The fluorine atom-containing aryl group may further have a
substituent other than fluorine atoms.
[0588] Examples of the fluorine atom-containing alkyl group, the fluorine atom-containing
cycloalkyl group, and the fluorine atom-containing aryl group include a group represented by

any one of the following general formulae (F2) to (F4), but the present invention is not limited

thereto.
[Chem. 140]
Rgs
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[0589] In the general formulae (F2) to (F4),

R57 t0 Rgs each independently represent a hydrogen atom, a fluorine atom, or an
(linear or branched) alkyl group, provided that at least one of R57 to Rgi, & least one of Rg; to
Res4, and at least one of Rgs to Reg represent afluorine atom or an alkyl group (preferably 1to 4

carbon atoms) with at least one hydrogen atom substituted with a fluorine atom.



WO 2013/100158 PCT/JP2012/084249

163
[0590] It ispreferable that all of Rg7 to Rei and Res to Rey be fluorine atoms.  Re,, Res and %
are each preferably a fluoroalkyl group (preferably having 1 to 4 carbon atoms), and more
preferably a perfluoroalkyl group having 1to 4 carbon atoms. When % ,and % ;are each a
perfluoroalkyl group, Re4 is preferably a hydrogen atom. Further, Rs, and Rg; may be
connected to each other to form aring.
[0591] Specific examples of the group represented by the general formula (F2) include a
p-fluorophenyl group, apentafluorophenyl group, and a 3,5-di(trifluoromethyl)phenyl group.
[0592] Specific examples of the group represented by the general formula (F3) include a
trifluoromethyl group, apentafluoropropyl group, a pentafluoroethyl group, a heptafluorobutyl
group, a  hexafluoroisopropyl group, a  heptafluoroisopropyl group, a
hexafluoro(2-methyl)isopropyl group, a nonafluorobutyl group, an octafluoroisobutyl group, a
nonafluorohexyl group, a nonafluoro-t-butyl group, a perfluoroisopentyl group, a
perfluorooctyl group, a perfluoro(trimethyl)hexyl group, a?2,2,3,3-tetrafluorocyclobutyl group,
and a perfluorocyclohexyl group, with a hexafluoroisopropyl group, a heptafluoroisopropyl
group, a hexafluoro(2-methyl)isopropyl group, an octafluoroisobutyl  group, a
nonafluoro-t-butyl group, and a perfluoroisopentyl group being preferred, and a
hexafluoroisopropyl group and a heptafluoroisopropyl group being more preferred.
[0593] Specific examples of the group represented by the general formula (F4) include
-C(CF,:0H, -C(C,Fy),0H, -C(CF)(CH,)OH, and -CH(CF3;)OH, and among these,
-C(CF),0H ispreferred.
[0594] The fluorine atom-containing partial structure may be bonded directly to the main
chain or may be bonded to the main chain through a group selected from the group consisting
of an alkylene group, a phenylene group, an ether bond, athioether bond, a carbonyl group, an
| ester bond, an amide bond, a urethane bond, and a ureylene bond, or a group formed by a
combination of two or more thereof.
[0595] Preferred examples of the repeating units having a fluorine atom are those shown
below.

[Chem. 141]
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[0596] In the formulae, R, and Ry, each independently represent ahydrogen atom, a fluorine
atom, or an akyl group. The akyl group is preferably a linear or branched akyl group
having 1 to 4 carbon atoms and may have a substituent, and the akyl group having a
substituent may include, in particular, afluorinated alkyl group.

[0597] W, to W each independently represent an organic group having at least one or more
fluorine atoms, and specific examples thereof include the atomic groups of (F2) to (F4) above.

[0598] Furthermore, other than these, the hydrophobic resin (Aa) may contain a unit as shown

below as the repeating units having a fluorine atom.

[Chem. 142]
T
ooy o
Rs Ry Ls
,
(C-I1 (C-II)

[0599] In the formulae, R4 to R; each independently represent a hydrogen atom, a fluorine
atom or an alkyl group. The akyl group is preferably a linear or branched akyl group
having 1 to 4 carbon atoms and may have a substituent, and the akyl group having a
substituent may include, in particular, afluorinated alkyl group.

[0600] Incidentally, at least one of R4 to R, represents afluorine atom. R4 and Rs, or Ré and
R; may form aring.

[0601] W, represents an organic group having at least one fluorine atom and specific examples
thereof include the atomic groups of (F2) to (F4) above.

[0602] L, represents a single bond or a divaent connecting group. The divalent connecting
group is a substituted or unsubstituted arylene group, a substituted or unsubstituted alkylene
group, a substituted or unsubstituted cycloakylene group, -0-, -S0,-, -CO-, -N(R)- (wherein
R represents a hydrogen atom or an alkyl group), -NHSO ,-, or a divalent connecting group
formed by a combination of aplurality of these groups.

[0603] Q represents an alicyclic structure.  The alicyclic structure may have a substituent and
may be monocyclic or polycyclic, and ih the case of a polycyclic structure, the structure may
be a crosslinked structure. The monocyclic structure is preferably a cycloalkyl group having
3 to 8 carbon atoms, and examples thereof include a cyclopentyl group, acyclohexyl group, a

cyclobutyl group, and a cyclooctyl group. Examples of the polycyclic structure include a
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group containing abicyclo, tricyclo or tetracyclo structure having 5 or more carbon atoms. A

cycloakyl group having 6 to 20 carbon atoms is preferred, and examples thereof include an

adamantyl group, a norbornyl group, a dicyclopentyl group, a tricyclodecanyl group, and a

tetracyclododecyl group. Parts of carbon atoms in the cycloalkyl group may be substituted

with heteroatoms such as an oxygen atom. In particular, preferred examples of Q include a

norbornyl group, atricyclodecanyl group, and atetracyclododecyl group.

[0604] The resin (Ad) may contain asilicon atom.

[0605] An alkylsilyl structure (preferably a trialkylsilyl group) or a eyelosiloxane structure is

preferred as apartia structure having a silicon atom.

[0606] Specific examples of the alkylsilyl structure and the cyclosiloxane structure include

groups represented by the following formulae (CS-1) to (CS-3).

[Chem. 143]
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[0607] Inthe general formulae (CS-1) to (CS-3),

Ry, to Ry¢ each independently represent a linear or branched akyl group (preferably
having 1to 20 carbon atoms) or acycloalkyl group (preferably having 3 to 20 carbon atoms).
[0608] L,to L.each represent a single bond or a divalent connecting group. The divalent
connecting group is a single group or a combination of two or more groups selected from the
group consisting of an alkylene group, a phenylene group, an ether bond, a thioether bond, a
carbonyl group, an ester bond, an amide bond, a urethane bond, and a ureylene bond.

[0609] n represents an integer of 1to 5, and ispreferably an integer of 2to 4.

[0610] The repeating units having at least either fluorine atoms or silicon atoms are preferably
(meth)acrylate-based repeating units.

[0611] Specific examples of the repeating units having at least either fluorine atoms or silicon
atoms are shown below, but the present invention is not limited thereto. In the specific

examples, Xi represents ahydrogen atom, -CH,, -F, or -CF,, and X, represents -F or -CF,.



WO 2013/100158 PCT/JP2012/084249

166
[Chem. 1441

fordd Aoy o fedy qedy
Fa Fs Fa ?\Qng Oi%

tofy tofy E@ﬁ oty

FLC CF ‘a : &\C:Z

towp foupr \LE?(F fody

-(—cu -<-CH —

‘(_%%\/L f\cz)g}:\/* _(—%sz_)-\/%

[Chem. 145]



WO 2013/100158
167
-Gk 8B 5-Ey
C
Q
\_

CF3 Fa CF;
Fy 0 o) o
O\ G
c F3 >—0F3
FiC

[Chem. 146]

PCT/JP2012/084249



WO 2013/100158 PCT/JP2012/084249

forfy Aot oG oy
e e e
A (

{‘CH;:}\_% -('CH:—?:l:)- -GCHZ—E'HZ—) {er-cnt

. - —&i
A IS o7

forfy g o fog

6: i
—&i— P
I ? b\slzd
— —8i— /\

O
oy tody ey

O)\C 5 /R i—o;T/R ?\L

[0612] The resin (AQ) preferably has a repeating unit (b) having at least one group selected
from the group consisting of the following (x) to (2).

[0613] (x) an akali-soluble group,
(y) a group capable of decomposing by the action of an alkali developer to increase

the solubility in an akali developer, and
(2) agroup capable of decomposing by the action of an acid to increase the solubility

in an akali developer.
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[0614] The repeating unit (b) includes the following types.
[0615] - (b") repeating units having at least either fluorine atoms or silicon atoms and at least
one group selected from the group consisting of (X) to (z) on one side chain,

- (b*) repeating units having at least one group selected from the group consisting of
(X) to (2) and having neither afluorine atom nor asilicon atom, and

- (b™) repeating units having at least one group selected from the group consisting of
(x) to (2) on one side chain and having at least either fluorine atoms or silicon atoms on a side
chain different from the side chain above in the same repeating unit.
[0616] The resin (Aa) more preferably contains the repeating unit (b") asthe repeating unit (b).
That is, the repeating unit (b) having at least one group selected from the group consisting of
(x) to () more preferably contains at least either fluorine atoms or silicon atoms.
[0617] Furthermore, in the case where the resin (Aa) contains the repeating unit (b*), the resin
is preferably a copolymer with repeating units having at least either fluorine atoms or silicon
atoms (a repeating unit different from the repeating units (b") and (b")). Further, in the
repeating unit (b"), the side chain having at least one group selected from the group consisting
of (x) to (z2) and the side chain having at least either fluorine atoms or silicon atoms are
preferably bonded to the same carbon atom in the main chain, that is, have the same positional
relationship asin the following formula (KI).
[0618] In the formula, Bl represents apartial structure having at least one group selected from
the group consisting of (x) to (z), and B2 represents a partial structure having at least either
fluorine atoms or silicon atoms.
[Chem. 147]

B1

k\}* (K1)

B2

[0619] The group selected from the group consisting of (x) to () is preferably (x) an
alkali-soluble group or (y) a polarity converting group, and more preferably (y) a polarity
converting group.

[0620] Examples of the akali-soluble group (x) include a phenolic hydroxyl group, a
carboxylic acid group, afluo_rinated alcohol group, asulfonic acid group, a sulfonamide group,
a sulfonylimide group, an  (akylsulfonyl)(akylcarbonyl)methylene group, an
(akylsulfonyl)(alkylcarbonyl)imide  group, a bis(akylcarbonyl)methylene  group, a
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bis(alkylcarbonyl)imide group, abis(akylsulfonyl)methylene group, a bis(alkylsulfonyl)imide
group, atris(akylcarbonyl)methylene group, and atris(akylsulfonyl)methylene group.
[0621] Preferred akali-soluble groups include a fluorinated alcohol group (preferably, a
hexafluoroisopropanol group), a sulfonimide group, and a bis(carbonyl)methylene group.
[0622] Examples of the repeating unit (bx) having an akali-soluble group (x) include a
repeating unit where an alkali- soluble group is directly bonded to the main chain of the resin,
such asrepeating unit from an acrylic acid or amethacrylic acid, and arepeating unit where an
alkali- soluble group is} bonded to the main chain of the resin through a connecting group.
Furthermore, an alkali-soluble group may be introduced into the polymer chain termina by
using an akali-soluble group-containing polymerization initiator or chain transfer agent at the
polymerization.  Any of these cases are preferred.
[0623] In the case where the repeating unit (bx) is repeating units having at least either
fluorine atoms or silicon atoms (that is, a repeating unit corresponding to the repeating unit
(b) or (b"), examples of the fluorine atom-containing partial structure in the repeating unit
(bx) are the same as those described with respect to the repeating units having at least either
fluorine atoms or silicon atoms and preferably include the groups represented by the general
formulae (F2) to (F4). Also in this case, examples of the silicon atom-containing partial
structure in the repeating unit (bx) are the same as those described with respect to the
repeating units having at least either fluorine atoms or silicon atoms and preferably include the
groups represented by the general formulae (CS-1) to (CS-3).
[0624] The content of the repeating unit (bx) having an akali-soluble group (X) is preferably
from 1to 50% by mole, more preferably from 3 to 35% by mole, and still more preferably
from 5to 20% by mole, based on al repeating units in the hydrophobic resin (Aa).
[0625] Specific examples of the repeating unit (bx) having an alkali-soluble group (x) are
shown below. Further, in specific examples, x; represents a hydrogen atom, -CH,, -F, or
-CF,.
[Chem. 148]
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wherein Rx representsH, CH3, CF3, or CH,OH.
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[0626] Examples of the polarity converting group (y) include a lactone group, a carboxylic
acid ester group (-COO-), an acid anhydride group (-C(O)OC(0)-), an acid imide group
(-NHCONH-), a carboxylic acid thioester group (-COS-), a carbonic acid ester group
(-OC(O)O-), asulfuric acid ester group (-OS0 ,0-), and a sulfonic acid ester group (-S0 ,0-),
with a lactone group being preferred.
[0627] As for the polarity converting group (y), both a configuration where the polarity
converting group is included in a repeating unit composed of an acrylic acid ester or a
methacrylic acid ester and thereby is introduced into the side chain of the resin, and a
configuration where the polarity converting group is introduced into the polymer chain
terminal by using a polymerization initiator or chain transfer agent containing the polarity
converging group (y) during the polymerization are preferred.
[0628] Specific examples of the repeating unit (by) having a polarity converting group (y)
include repeating units having a lactone structure represented by the formulae (KA-1-1) to
(KA-1-17) asdescribed later.
[0629] Furthermore, the repeating unit (by) having a polarity converting group (y) is
preferably arepeating unit having at least either a fluorine atom and a silicon atom (that is, a
repeating unit corresponding to the repeating unit (b) or (b")). The repeating unit
(by)-containing resin has hydrophobicity, and addition thereof is preferred, in particular, from
the viewpoint of reducing the development defect.
[0630] Examples of the repeating unit (by) include arepeating unit represented by the formula
(KO).
[Chem. 150]
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[0631] In the formula, Ryirepresents a hydrogen atom, a halogen atom, a hydroxyl group, an
alkyl group, a cycloalkyl group, an aryl group, or a polarity converting group-containing
group.
[0632] Ri™ represents an alkyl group, a cycloakyl group, an aryl group, or a polarity
converting group-containing group.
[0633] However, a least either one of Ry¢i and Rk2 represents a polarity converting
group-containing group. |
[0634] The polarity converting group is, as described above, a group that decomposes by the
action of an alkali developer to increase the solubility in an alkali developer. The polarity
converting group is preferably a group X in a partial structure represented by the general
formula (KA-1) or (KB-1).
[Chem. 151]

)O (KA—1) Yi1-X-Y?2 (KB—1)

[0635] In the general formulae (KA-1) and (KB-1), X represents a carboxylic acid ester group:
-COO-, an acid anhydride group: -C(0)OC(0)-, an acid imide group: -NHCONH-, a
carboxylic acid thioester group: -COS-, a carbonic acid ester group: -OC(0)0-, a sulfuric acid
ester group: -OS0 ,0-, or asulfonic acid ester group: -SO ,0-.

[0636] Each of Y land Y2, which may be the same as or different from each other, represents
an electron-withdrawing group.

[0637] Incidentaly, the repeating unit (by) has a preferred group that increases the solubility in
an akali developer by containing a group having a partia structure represented by the general
formula (KA-1) or (KB-1), but asin the case of the partial structure represented by the general
formula (KA-1) or the partial structure represented by the general formula (KB-1) wherein Y
and Y? are monovalent, when the partial structure does not have a bond, the group having the
partial structure is a group having a monovalent or higher valent group formed by removing at
least one arbitrary hydrogen atom in the partial structure. _

[0638] The partial structure represented by the general formula (KA-1) or (KB-1) is connected
to the main chain of the hydrophobic resin (Aa) at an arbitrary position through a substituent.
[0639] The partia structure represented by the general formula (KA-1) is a structure forming a
ring structure together with the group as X.

[0640] In the general formula (KA-1), X ispreferably a carboxylic acid ester group (that is, a
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case of forming a lactone ring structure as KA-1), an acid anhydride group or a carboni'c acid
ester group, more preferably acarboxylic acid ester group.
[0641] The ring structure represented by the general formula (KA-1) may have a substituent
and, for example, may have nka substituents zkai.
[0642] When a plurality of zkai's are present, they each independently represent a halogen
atom, an akyl group, acycloakyl group, an ether group, a hydroxyl group, an amido group,
an aryl group, alactone ring group, or an electron-withdrawing group.
[0643] zkai's may be bonded to each other to form aring. - Examples of the ring formed by
the connecting of zkai 'Swith each other include a cycloakyl ring and a heterocycle (a cyclic
ether ring, a lactone ring, and the like).
[0644] nka represents an integer of O to 10 and is preferably an integer of O to 8, more
preferably -an integer of O to 5, still more preferably an integer of 1to 4, and most preferably
an integer of 1to 3.
[0645] The eIectron-withdrawing group as Zk, has the same meaning as the
electron-withdrawing group of Y' and Y2 to be described hereinafter. Incidentaly, the
electron-withdrawing group above may be substituted with another electron-withdrawing
group.
[0646] z.a is preferably an akyl group, acycloakyl group, an ether group, a hydroxyl group
or an electron-withdrawing group, more preferably an akyl group, a cycloakyl group or an
electron-withdrawing group. The ether group is preferably an ether group substituted, for
example, with an akyl group or a cycloalkyl group, that is, an akyl ether group. The
electron-withdrawing group has the same meaning as above.
[0647] Examples of the halogen atom as z,ai include a fluorine atom, a chlorine atom, a
bromine atom and an iodine atom, with a fluorine atom being preferred.
[0648] The alkyl group as zkai may have a substituent and may be either linear or branched.
The linear akyl group is preferably an alkyl group having 1 to 30 carbon atoms, more
preferably 1to 20 carbon atoms, and examples thereof include a methyl group, an ethyl group,
an n-propyl group, an n-butyl group, a sec-butyl group, at-butyl group, an n-pentyl group, an
n-hexyl group, an n-heptyl group, an n-octyl group, an n-nonyl group and an n-decanyl group.
The branched akyl group is preferably an akyl group having 3 to 30 carbon atoms, more
preferably 3 to 20, and examples thereof include an i-propyl group, an i-butyl group, at-butyl
group, an i-pentyl group, at-pentyl group, an i-hexyl group, at-hexyl group, an i-heptyl group,

a t-heptyl group, an i-octyl group, a t-octyl group, an i-nonyl group and a t-decanoyl group.



WO 2013/100158 PCT/JP2012/084249
175

An akyl group having 1to 4 carbon atoms ispreferred, such as a methyl group, an ethyl group,
an n-propyl group, an i-propyl group, an n-butyl group, an i-butyl group and at-butyl group.
[0649] The cycloalkyl group as zk,i may have a substituent and may be monocyclic or
polycyclic. The polycyclic cycloalkyl group may be crosslinked. That is, in this case, the
cycloakyl group may have a bridged structure. The monocyclic type is preferably a
cycloalkyl group having 3 to 8 carbon atoms, and examples thereof include a cyclopropyl

group, a cyclopentyl group, acyclohexyl group, a cyclobutyl group and a cyclooctyl group.

The polycyclic type includes a group having a bicyclo, tricyclo or tetracyclo structure or the |

like and having 5 or more carbon atoms. A cycloalkyl group having 6 to 20 carbon atoms is
preferred, and examples thereof include an adamantyl group, a norbornyl group, an isobornyl
group, a camphanyl group, adicyclopentyl group, an &’pinel group, atricyclodecanyl group, a
tetracyclododecyl group and an androstanyl group. The following structures are aso
preferred as the cycloalkyl group. Incidentally, parts of carbon atoms in the cycloakyl group
may be substituted with heteroatoms such as an oxygen atom.

[Chem. 152]
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[0650] Preferred examples of the alicyclic structure include an adamantyl

group, a

noradamantyl group, a decalin group, a tricyclodecanyl group, atetracyclododecanyl group, a

norbornyl group, a cedrol group, a cyclohexyl group, acycloheptyl group, a cyclooctyl group,

a cyclodecanyl group and a cyclododecanyl group, more preferably an adamantyl group, a

decalin residue, a norbornyl group, a cedrol group, a cyclohexyl group, acycloheptyl group, a

cyclooctyl group, a cyclodecanyl group, a cyclododecanyl group, and atricyclodecanyl group.

[0651] Examples of the substituent in these alicyclic groups include an alkyl group, a halogen

atom, a hydroxyl group, an alkoxy group, a carboxyl group, and an akoxycarbonyl group.

The alkyl group is preferably a lower alkyl group such as a methyl group, an ethyl group, a

propyl group, an isopropyl group, and a butyl group, and more preferably, it represents a

methyl group, an ethyl group, a propyl group, or an isopropyl group. Examples of the alkoxy

group include an alkoxy group having 1 to 4 carbon atoms, such as a methoxy group, an

ethoxy_ group, a propoxy group and a butoxy group. Examples of the substituent which the
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alkyl group and alkoxy group each may further have incl udé a hydroxyl group, ahalogen atom,
and an alkoxy group (preferably having 1to 4 carbon atoms).
[0652] Furthermore, the groups above may further have a substituent, and examples of the
further substituent include a hydroxyl group, éhalogen atom (for example, fluorine, chlorine,
bromine, and iodine), anitro group, a cyano group, the above-described akyl group, an alkoxy
group such as a methoxy group, an ethoxy group, a hydroxyethoxy group, a propoxy group, a
hydroxypropoxy group, an n-butoxy group, an isobutoxy group, a sec-butoxy group, and a
t-butoxy group, an akoxycarbonyl group such as a methoxycarbonyl group and an
ethoxycarbonyl group, an aralkyl group such as a benzyl group, a phenethyl group, and a
cumyl group, an acyl group such as an aralkyloxy group, a formyl group, an acetyl group, a
butyryl group, a benzoyl group, a cinnamoyl group, and a vaeryl group, an acyloxy group
such as a butyryloxy group, the above-described alkenyl group, an alkenyloxy group such as a
vinyloxy group, a propenyloxy group, an alyloxy group, and a butenyloxy group, the
above-described aryl group, an aryloxy group such as a phenoxy group, and an
aryloxycarbonyl group such asabenzoyloxy group.
[0653] It ispreferable that X in the general formula (KA-1) be a carboxylic ester group and the
partial structure represented by the general formula (KA-1) be alactone ring, and preferably a
5- to 7-membered lactone ring.
[0654] Incidentaly, it is preferable that as in (KA-1-1) to (KA-1-17) shown below, another
ring structure is condensed to a 5- to 7-membered lactone ring as the partial structure
represented by the general formula (KA-1) in the form of forming abicyclo or spiro structure.
[0655] Examples of the periphera ring structure with which the ring structure represented by
the general formula (KA-1) may be combined include those in (KA-1-1) to (KA-1-17) shown
below and structures based on these structures.
[0656] The structure containing a lactone ring structure represented by the general formula
(KA-1) is more preferably a structure represented by any one of the following (KA-1-1) to
(KA-1-17).  Further, the lactone structure may be bonded directly to the main chain.
Preferred structures are (KA-1-1), (KA-1-4), (KA-1-5), (KA-1-6), (KA-1-13), (KA-1-14), and
(KA-1-17).
[Chem. 153]
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[0657] The structure containing the above-described lactone ring structure may or may not
have a substituent. Preferable examples of the substituent are the same as those of the
substituent Z,i which may be contained in the ring structure represented by the general
formula (KA-1).

[0658] In the general formula (KB-1), X preferably includes a carboxylic ester group (-COO-).
[0659] In the general formula (KB-1), Y' and Y2 each independently represent an
electron-withdrawing group.

[0660] The electron-withdrawing group is a partial structure represented by the following
formula (EW). In the formula (EW), * represents a bonding directly bonded to (KA-1) or a
bonding directly bonded to X in (KB-1).

[0661]
[Chem. 154]
Rew1
* - Yew1 (EW)
ew
Rew2

[0662] In the formula (EW),

n,, is arepetition number of the connecting group represented by -C(Re,1)(Re ,2-, and
represents an integer of 0 or 1. In the case where ntis 0, this indicates a single bond and
direct bonding of v i -

[0663] Y ., i isahaogen atom, acyano group, anitrile group, anitro group, a halo(cyclo)alkyl,
a haloaryl group represented by -C(Rn)(rRf2)-Rg, an oxy group, a carbonyl group, a sulfonyl

group, a sulfinyl group, or a combination thereof. Further, the electron-withdrawing group
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may be, for example, a structure shown below. The "halo(eyelo)akyl group” indicates an
alkyl or cycloalkyl group that is at least partially halogenated. The term "haloaryl group”
indicates an aryl group that is at least partialy halogenated. In the structural formulae below,
Rews anNd Rey e€ach independently represent an arbitrary structure. The partial structure
represented by the genera formula (EW) has an electron- withdrawing property irrespective of
structures of Re,3 and Reydand may be combined with, for example, the main chain of the

resin, but is preferably an alkyl group, acycloakyl group, or an akyl fluoride group.

[Chem. 155].
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[0664] In the case where Y i isadivalent or higher-valent group, the remaining bond forms

bonding to an arbitrary atom or substituent. At least any one group of Y .wi, Rewt, and Rg,2
may be combined with the main chain of aresin (C) through afurther substituent.

[0665] Yewi is preferably a halogen atom, or a halo(cyclo)akyl or haloaryl group represented
by -C(R; )(Re)-Rg.

[0666] Re,; and R,,, €ach independently represent an arbitrary substituent, and represent, for
example, ahydrogen atom, an alkyl group, acycloakyl group, or an aryl group.

[0667] At least two members out of R, Rew2, and Y i may be combined with each other to
form aring.

[0668] Here, Ry represents a halogen atom, a perhaloalkyl group, a perhalocycloakyl group
or a perhaloaryl group and is preferably a fluorine atom, a perfluoroalkyl group, or a
perfluorocycloalkyl group, and more preferably a fluorine atom or atrifiuoromethyl group.
[0669] Rp and Ry each independently represent a hydrogen atom, a halogen atom or an
organic group, and Rp and Rz may be combined with each other to form aring. Examples of
the organic group include an akyl group, a cycloalkyl group, an alkoxy group, and the like.

R2 more preferably represents the same group asRy or is combined with Rg to form aring.
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[0670] Rfi to Rz may be combined with each other to form aring, and examples of the ring
formed include a (halo)cycloalkyl ring and a (halo)aryl ring. |
[0671] Examples of the (halo)akyl group in Rp to Rg include the alkyl groups in Zy i and
halogenated structures thereof.

[0672] Examples of the (per)halocycloalkyl group and the (per)haloaryl group in Rg to Rgy Or
in the ring formed by combination of R¢2 and RQ include the above-described structures
resulting from halogenation of cycloalkyl groups in Z_i, and a fluoroalkyl group represented

by -C(n)F(Zn-Z)H and a perfluoroaryl group represented by -C are preferable, where the

n F n-1
number of carbon atoms n is not particularly limited but is pr(e;e;ab)ly from 5to 13, and more
preferably 6. _
[0673] The ring which maiy be formed by combination of at least two members out of Rewi,

Rew2, and Y, i with each other is preferably a cycloalkyl group or a heterocyclic group, and
the heterocyclic group is preferably a lactone ring group. Examples of the lactone ring
include structures represented by the formulae (KA-1-1) to (KA-1-17).

[0674] Incidentally, the repeating unit (by) may have a pluraity of partial structures
represented by the general formula (KA-1), apluraity of partial structures represented by the
genera formula (KB-1), or both a partia structure represented by the general formula (KA-1)
and apartial structure represented by the general formula (KB-1).

[0675] Furthermore, the partial structure of the general formula (KA-1) may partidly or
entirely serve also as the electron-withdrawing group of Y1 or Y2 in the general formula
(KB-1). For example, in the case where X in the general formula (KA-1) is a carboxylic
ester group, the carboxylic ester group may function as the electron-withdrawing group of Y’
or Y2in the genera formula (KB-1).

[0676] Moreover, in the case where the repeating unit (by) corresponds to the repeating unit
(b*) or the repeating unit (b") and has a partial structure represented by the general formula
(KA-1), the partial structure represented by the general formula (KA-1) is more preferably a
partia structure where the polarity converting group is -COO- in the structure represented by
the general formula (KA-1).

[0677] The repeating unit (by) may be a repeating unit having a partial structure represented
by the general formula (KY-0).

[Chem. 156]
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[0678] In the general formula (KY -0),

R, represents a chained or cyclic alkylene group and when a plurality of R,'s are
present, they may be the same as or different from each other.
[0679] Rjrepresents a linear, branched, or cyclic hydrocarbon group where a part or al of
hydrogen atoms on the constituent carbons are substituted with afluorine atom.
[0680] R4 represents a halogen atom, a cyano group, a hydroxyl group, an amido group, an
akyl group, a cycloalkyl group, an alkoxy group, a phenyl group, an acyl group, an
alkoxycarbonyl group, or a group represented by R-C(=0)- or R-C(=0)0- (wherein R
represents an akyl group or acycloalkyl group), and when aplurality of Ry's are present, they
may be the same as or different from each other, and two or more R4's may be bonded to each
other to form aring. |
[0681] X represents an alkylene group, an oxygen atom, or a sulfur atom.
[0682] Each of Z and Zarepresents a single bond, an ether bond, an ester bond, an amide bond,
a urethane bond, or a urea bond, and when a plurality of Z's or Za's are present, they may be
the same as or different from each other.
[0683] * represents abonding to the main chain or side chain of the resin.
[0684] o isthe number of substituents and represents an integer of 1to 7.
[0685] m isthe number of substituents and represents an integer of Oto 7.
[0686] nis arepetition number and represents an integer of 0 to 5.
[0687] The ﬁructure of -R,-Z- is preferably a structure represented by -(CH,)i-COO- (wherein
1represents an integer of 1to 5).
[0688] The preferable range of number of carbon atoms and specific examples of the chained
or cyclic alkylene group as R, are the same as those described with respect to the chained
alkylene group and acyclic alkylene group in Z, of the general formula (bb).
[0689] The number of carbon atoms of the linear, branched, or cyclic hydrocarbon group as R,
is, in the case of a linear hydrocarbon group, preferably from 1 to 30, and more preferably
from 1to 20, in the case of a branched hydrocarbon group, preferably from 3 to 30, and more
preferably from 3 to 20, and in the case of a cyclic hydrocarbon group, from 6 to 20.

Specific examples of R; include the specific examples of the alkyl group and a cycloakyl
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group asZ, .
[0690] The preferable number of carbon atoms and specific examples of the alkyl group and a
cycloalkyl group as R4 and R are the same as those described with respect to the akyl group
and the cycloakyl group asZ,i.
[0691] The acyl group as R4 is preferably an acyl group having 1to 6 carbon atoms, and
examples thereof include aformyl group, an acetyl group, apropionyl group, abutyryl group,
an isobutyryl group, avaeryl group, and apivaloyl group.
| [0692] The alkyl moiety in the alkoxy group and the alkoxycarbonyl group as R4 include a
linear, branched, or cyclic akyl moiety, and the preferable number of carbon atoms and
specific examples of the alkyl moiety are the same as those described with respect to the alkyl
group and the cycloakyl group of Z,__i-
[0693] The akylene group as X includes a chained or cyclic akylene group, and the preferable
number of carbon atoms and specific examples thereof are the same as those described with
respect to the chained alkylene group and the cyclic alkylene group asR,,.
[0694] Furthermore, the specific structure of the repeating unit (by) also contains a repeating
unit having apartial structure shown below.
[Chem. 157]

* —X‘-A-o—lclz—x * —X'—A—'C'-O—X
O ¢r1) O ()

[0695] In the general formulae (rf-1) and (rf-2),

X' represents an electron-withdrawing substituent and is preferably a carbonyloxy
group, an oxycarbonyl group, a fluorine atom-substituted akylene group, or a fluorine
atom-substituted cycloalkylene group.

[0696] A represents a single bond, a divalent connecting group represented by -C(Rx)(Ry)-,
wherein Rx and Ry independently represent a hydrogen atom, a fluorine atom, an alkyl group
(preferably having 1to 6 carbon atoms, which may be substituted with a fluorine atom or the
Iike)., or acycloalkyl group (preferably having 5to 12 carbon atoms, which may be substituted
with a fluorine atom or the like), and each of Rx and Ry is preferably a hydrogen atom, an
alkyl group, or afluorine atom-substituted alkyl group.

[0697] X represents an electron-withdrawing group and specific examples thereof include the
electron-withdrawing groups as Y' and Y2 and X is preferably an alkyl fluoride group, a

cycloalkyl fluoride group, an aryl group substituted with fluorine or an alkyl fluoride group, an
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aralkyl group substituted with fluorine or an alkyl fluoride group, a cyano group, or a nitro
group.
[0698] * represents a bonding to the main chain or side chain of the resin, that is, a bonding
which is bonded to the main chain of the resin through a single bond or aconnecting group.
[0699] Incidentally, when X' is a carbonyloxy group or an oxycarbonyl group, A is not asingle
bond.
[0700] The polarity converting group decomposes by the action of an akali developer to effect
polarity conversion, whereby the receding contact angle with water of the resin composition
film after alkaline development can be decreased. Decrease in the réceding contact angle
with water of the film after alkaline development is preferable from the viewpoint of
suppressing the development defect.
[0701] The receding contact angle with water of the resin composition film after alkaline
development is preferably 50° or less, more preferably 40° or less, still more preferably 35° or
less, and most preferably 30° or less, at atemperature of 23+3°C and a humidity of 45+5%.
[0702] The receding contact angle is a contact angle measured when a contact line recedes on
the liquid droplet-substrate interface, and this is generally known to be useful in simulating the
mobility of a liquid droplet in the dynamic state. In a simple manner, the receding contact
angle can be defined as a contact angle at the time of the liquid droplet interface receding
when a liquid droplet gected from a needle tip is landed on a substrate and then the liquid
droplet is again suctioned into the needle. In general, the receding contact angle can be
measured by a contact angle measuring method called an expansion/contraction method.
[0703] The receding contact angle of the film after akaline development is a contact angle
when a film shown below is measured by the expansion/contraction method described in
Examples as described later. That is, it is a contact angle of a film obtained as follows by
measurement by an expansion/contraction method: ARC29A (manufactured by Nissan
Chemical Industries, Ltd.) for forming an organic antireflection film was applied onto a silicon
wafer (8-inch opening diameter) and baked at 205°C for 60 seconds, thereby forming an
antireflection film having a film thickness of 98 nm. The actinic ray-sensitive or
radiation-sensitive resin composition of the present invention was applied thereonto and baked
a 120°C for 60 seconds, thereby forming a film having a film thickness of 120 nm. This
film was developed in an agueous tetramethylammonium hydroxide solution (2.38% by mass)
for 30 seconds, rinsed with pure water, and then spin-dried, thereby obtaining a film.
[0704] The hydrolysis rate of the resin (A@) for an akali developer is preferably 0.001 nm/sec
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or more, more preferably 0.01 nm/sec or more, still more preferably 0.1 nm/sec or more, and
most preferably 1 nm/sec or more.
[0705] The hydrolysis rate of the resin (Aa) for an alkali developer asused herein is the rate at
which the thickness of aresin film formed only of the resin (Aa) decreases when treated with
TMAH (an agueous tetramethylammonium hydroxide solution) (2.38% by mass) at 23°C.
[0706] The repeating unit (by) is more preferably a repeating having at least two or more
polarity converting groups.
[0707] In the case where the repeating unit (by) has at least two polarity converting groups, the
repeating unit preferably has a group containing a partial structure having two polarity
converting groups represented by the following general formula (KY-1). Incidentally, when
the structure represented by the general formula (KY-1) does not have a bond, this is a group
containing a monovalent or higher valent group formed by removing at least one arbitrary
hydrogen atom in the structure.
[Chem. 158]
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[0708] In the general formula (KY-1),

_ Riyi and Rk, €ach independently represent a hydrogen atom, a halogen atom, an alkyl
group, a cycloalkyl group, a carbonyl group, a carbonyloxy group, an oxycarbonyl group, an
ether group, a hydroxyl group, a cyano group, an amido group, or an aryl group.
Alternatively, rk i and Rk, may be bonded to the same atom to form a double bond. For
example, Rk, and rk, may be bonded to the same oxygen atom to form a part (=0) of a
carbony! group.

[0709] Ry, and Ry, €ach independently represent an electron-withdrawing group, or while
Rxy1 ad Rk, are combined to form a lactone ring, Rryys is an electron-withdrawing group.
The lactone ring formed is preferably a structure of (KA-1-1) to (KA-1-17). Examples of the
electron-withdrawing group are the same as set forth with respect to v i and Y, in the genera
formula (KB-1), and a halogen atom and a halo(cyclo)akyl or haloaryl group represented by
-C(Rfl)(Rf2)-Rpz are preferable.  Preferably, rk . is a hadogen atom or a hao(cyclo)alkyl or
haloaryl group represented by -C(Rf)(RG)-Rfi, and Ry, is combined with ry,ito form a

lactone ring or is an electron- withdrawing group containing no halogen atom.
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[0710] Rkyi, Rk,, and Rk, may be combined with each other to form a monocyclic or
polycyclic structure.
[0711] Specific examples of Ry,i and Rk, include the same groups as set forth with respect to
Zya in the formula (KA-1).
[0712] The lactone ring formed by combination of Rk and Rk, is preferably the structures of
(KA -1-1) to (KA -1-17). Examples of the electron- withdrawing group are the same as set
forth with respect to Y, and Y, in the general formula (KB -1).
[0713] The structure represented by the general formula (KY-1) is preferably a structure
represented by the following genera formula (KY -2). Here, the structure represented by the
general formula (KY-2) is a group having a monovaent or higher valent group formed by

removing & least one arbitrary hydrogen atom in the structure.

[Chem. 159]
R
Ruye ky8
Ruyy7
Riy1o / d
J Rue (KY-2)
COO —RkyS

0
[0714] In the formula (KY -2),

Ry 10 Ryy10 each independently represent a hydrogen atom, ahalogen atom, an alkyl
group, a cycloalkyl group, a carbonyl group, a carbonyloxy group, an oxycarbonyl group, an
ether group, ahydroxyl group, acyano group, an amido group, or an aryl group.

[0715] Two or more members out of Rk t0 Rk iomay be combined with each other to form a
monocyclic or polycyclic structure.

[0716] Rk, represents an electron-withdrawing group, and examples of the
electron-withdrawing group are the same as set forth with respect to Y i and Y, with a halogen
atom, or a halo(cyclo)alkyl or haloaryl group represented by -C(Rn)(Ri2)-Ro being preferred.
[0717] Specific examples of Rk to Rkyio include the same groups as Z,, in the formula
(KA -1). |

[0718] The structure represented by the formula (KY -2) is more preferably apartia structure
represented by the following general formula (KY -3).

‘[Chem. 160]
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[0719] In the formula (KY-3), Z, i and ny have the same meanings as in the general formula
(KA-1). R,y hasthe same meaning as in the formula (KY-2).

[0720] ka represents an alkylene group, an oxygen atom, or a sulfur atom. Examples of the
alkylene group of Lk, include a methylene group, an ethylene group, and the like. ka is
preferably an oxygen atom or a methylene group, and more preferably a methylene group.
[0721] The repeating unit (b) is not limited as long as it is a repeating unit obtained by
polymerization such as addition polymerization, condensation polymerization and addition
condensation, but a repeating unit obtained by addition polymerization of a carbon-carbon
double bond is preferable. Examples thereof include an acrylate-based repeating unit
(including a system having a substituent at the a- or 3-position), a styrene-based repeating unit
(including a system having a substituent at the a- or B-position), a vinyl ether-based repeating
unit, a norbornene-based repeating unit, a maleic acid derivative (such as maleic anhydride or
a derivative thereof, maleimide, and the like) repeating unit, and the like. An acrylate-based
repeating unit, a styrene-based repeating unit, a vinyl ether-based repeating unit and a
norbornene-based repeating unit are preferable, an acrylate-based repeating unit, a vinyl
ether-based repeating unit and a norbornene-based repeating unit are more preferable, and an
acrylate-based repeating unit is most preferable.

[0722] In the case where the repeating unit (by) is a repeating unit having at least either
fluorine atoms or silicon atoms (that is, arepeating unit corresponding to the repeating unit (b")
or (b")), examples of the fluorine atom-containing partial structure in the repeating unit (by)
are the same as those in the above-described repeating unit having at least either fluorine
atoms or silicon atoms, and the groups represented by the general formulae (F2) to (F4) are
preferable.  Further, examples of the silicon atom-containing partial structure in the repeating
unit (by) are the same as those in the above-described repeating unit having at least either
fluorine atoms or silicon atoms, and the groups represented by the general formulae (CS-1) to
(CS-3) are preferable.

[0723] The content of the repeating units (by) in the resin (Aa) is preferably from 10 to 100%
by mole, more preferably from 20 to 99% by mole, still more preferably from 30 to 97% by
mole, and most preferably from 40 to 95% by mole, based on al the repeating units in the
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resin (Aa).
[0724] Specific examples of the repeating unit (by) having a group capable of increasing the
solubility in an alkali developer are illustrated below, but the present invention is not limited
thereto.  Specific examples of the repeating unit (by) also include those described as specific
examples of the repeating unit (a3) of the resin (A).
[0725] Ra represents a hydrogen atom, a fluorine atom, a methyl group, or a trifluoromethyl

group.

[Chem. 161]
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[0726] In the resin (Aa), examples of the repeating unit (bz) having a group capable of
decomposing by the action of an acid (z) include those described above for the repeating unit
having an acid-decomposable group in theresin (A).

[0727] In the case where the repeating unit (bz) is a repeating unit having at least either
fluorine atoms or silicon atoms (that is, a repeating unit corresponding to the repeating unit
(b) or (b")), examples of the fluorine atom-containing partial structure in the repeating unit
(bz) are the same as those described with respect to the repeating units having at least either
fluorine atoms or silicon atoms and preferably include the groups represented by the general
formulae (F2) to (F4). Also in'this case, examples of the silicon atom-containing partial
structure in the repeating unit (by) are the same as those described with respect to the
repeating units having at least either fluorine atoms or silicon atoms and preferably include the
groups represented by the genera formulae (CS-1) to (CS-3).

[0728] In the resin (Aa), the content of the repeating units (bz) having a group (z) that
decomposes by the action of an acid is preferably from 1to 80% by mole, more preferably
from 10 to 80% by mole, and still more preferably from 20 to 60% by mole, based on all
repeating units in the resin (Aa).

[0729] The repeating unit (b) having at least one group selected from the group consisting of
(x) to (z) above was described as above, but the content of the repeating units (b) in the resin
(Aa) is preferably from 1to 98% by mole, more preferably from 3 to 98% by mole, still more
preferably from 5to 97% by mole, and most preferably from 10 to 95% by mole, based on all
repeating units in the resin (Aa).

[0730] The content of the repeating units (b') is preferably from 1to 100% by mole, more
preferably from 3 to 99% by mole, still more preferably from 5 to 97% by mole, and most
preferably from 10 to 95% by mole, based on all repeating units in the resin (Aa).
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[0731] ‘The content of the repeating units (b*) is preferably from 1 to 90% by mole, more
preferably from 3 to 80% by mole, till more preferably 5 to 70% by mole, and most
preferably 10 to 60% by mole, based on all repeating units in the resin (Aa). The content of
the repeating units having at least either fluorine atoms or silicon atoms, which is used
together with the repeating unit (b*) is preferably from-10 to 99% by mole, more preferably
from 20 to 97% by mole, still more preferably from 30 to 95% by mole, and most preferably
from 40 to 90% by mole, based on all repeating units in the resin (Aa).
[0732] The content of the repeating units (b") is preferably from 1to 100% by mole, more
preferably from 3 to 99% by mole, more preferably from 5 to 97% by mole, and most
preferably from 10 to 95% by mole, based on all repeating units in the resin (Aa).
[0733] The resin (Aa) may further contain a repeating unit represented by the following
genera formula (I11).
[Chem. 163]
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[0734] In the general formula (111),

Rcz1 represents a hydrogen atom, an alkyl group which may be substituted with an
akyl group or afluorine atom, a cyano group or a-CH,-0-R _, .group wherein R_, represents a
hydrogen atom, an alkyl group, or an acyl group. R is preferably a hydrogen atom, a
methyl group, a hydroxymethyl group or a trifluoromethyl group, and more preferably a
hydrogen atom or a methyl group.
[0735] Rre3; represents a group containing an alkyl group, a cycloalkyl group, an akenyl group,
a cycloakenyl group or an aryl group. Each of these groups may be substituted with a
fluorine atom- or silicon atom-containing group or the like.
[0736] L, represents a single bond or adivalent connecting group.
[0737] In the general formula (I11), the alkyl group of R ,, is preferably a linear or branched
alkyl group having 3 to 20 carbon atoms.
[0738] The cycloalkyl group is preferably acycloalkyl group having 3 to 20 carbon atoms.
[0739] The alkenyl group ispreferably an alkenyl group having 3 to 20 carbon atoms.
[0740] The cycloalkenyl group is preferably a cycloalkenyl group having 3 to 20 carbon

atoms.
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[0741] The aryl group is preferably a phenyl group having 6 to 20 carbon atoms or a naphthyl
group, which may have a substituent.
[0742] R, is preferably an unsubstituted alkyl group or an alkyl group substituted with a
fluorine atom.
[0743] The divalent connecting group of Lc, is preferably an akylene group (preferably
having 1to 5 carbon atoms), an oxy group, a phenylene group, or an ester bond (a group
represented by -COO-).
[0744] It is also preferable that the resin (A@) further contain a repeating unit represented by
the following general formula (BII-AB).
[Chem. 164]

()
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Re1t' Res?

(BI1-AB)

[0745] In the formula (BII-AB),

R.i' and R i;' each independently represent a hydrogen atom, a cyano group, a
halogen atom, or an akyl group.
[0746] Z_' represents an atomic group for forming an alicyclic structure containing two carbon
atoms (C-C) to which Z ' is bonded.
[0747] In the case where each group in the repeating units represented by the general formulae
(1) and (BII-AB) is substituted with a fluorine atom- or silicon atom-containing group, the
repeating unit corresponds also to the repeating units having at least either fluorine atoms or
silicon atoms.
[0748] Specific examples of the repeating units represented by the general formulae (I11) and
(BI1-AB) are shown below, but the present invention is not limited thereto. In the formulae,
Rarepresents H, CH;, CH,OH, CF; or CN. Incidentally, the repeating unit where Ra is CF;
corresponds also to the repeating units having at least either fluorine atoms or silicon atoms.
[Chem. 165]
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[0749] Intheresin (Aa), similarly to the resin (A), it is of course preferable that the content of
impurities such as metals be low, but also, the content of residual monomers or oligomer
components is preferably from 0 to 10% by mole, more preferably from 0 to 5% by mole, and
still more preferably from 0 to 1% by mole. When these conditions are satisfied, a resist
composition free from foreign substances in aliquid or change with aging of sensitivity or the
like can be obtained. Furthermore, Ain view of the resolution, the resist profile, the side wall
of aresist pattern, the roughness, or the like, the molecular weight distribution (Mw/Mn, also
referred to as "dispersity”) is preferably in arange of 1to 3, more preferably 1to 2, till more
preferably 1to 1.8, and most preferably 1to 1.5.

[0750] Asfor the resin (Aa), various comrhercially available products may be also used, or the
resn may be synthesized by an ordinary method (for example, radical polymerization).

Examples of the general synthesis method include a batch polymerization method of
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dissolving monomer species and an initiator in a solvent and heating the solution, thereby
effecting the polymerization, and a dropping polymerization method of adding dropwise a
solution containing monomer species and an initiator to a heated solvent over 1to 10 hours.
A dropping polymerization method is preferable.
[0751] The reaction solvent, the polymerization initiator, the reaction conditions (for example,
temperature, concentration) and the purification method after reaction are the same as those
described with respect to the resin (A).
[0752] Specific examples of the resin (Aa) are shown below. Further, the molar ratio of the
repeating units (corresponding to the respective repeating units starting from the left), the
weight average molecular weight, and the dispersity in the respective resins are shown in the
table below.
[Chem. 166]
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[Table 1]
Compositional
Polymer ratio (% by Mw Mw/Mn
mole)
Aa-1 50/50 6000 1.5
Aa-2 30/70 6500 1.4
Aa-3 45/55 8000 1.4
Aa-4 100 15000 1.7
Aa-5 60/40 6000 1.4
Aa-6 40/60 8000 1.4
Aa-7 30/40/30 8000 1.4
Aa-8 60/40 8000 1.3
Aa-9 50/50 6000 1.4
Aa-10 40/40/20 7000 1.4
Aa-11 40/30/30 9000 1.6
Aa-12 30/30/40 6000 1.4
Aa-13 60/40 9500 1.4
Aa-14 60/40 8000 1.4
Aa-15 35/35/30 7000 1.4
Aa-16 50/40/5/5 6800 1.3
Aa-17 20/30/50 8000 1.4
Aa-18 25/25/50 6000 1.4
Aa-19 100 9500 1.5
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Aa-20 100 7000 1.5
Aa-21 50/50 6000 1.6
Aa22 40/60 9600 1.3
Aa-23 100 20,000 1.7
Aa-24 100 25,000 14
Aa-25 100 15,000 1.7
A2-26 100 12,000 1.8
Aa-2] 100 18,000 1.3
Aa-28 70/30 15,000 2.0
Aa-29 80/15/5 18,000 1.8
Aa-30 60740 25,000 1.8
Aa3l 90710 19,000 1.6
Aa32 60740 20,000 1.8
Aa-33 50/30/20 11,000 1.6
Aa34 60740 12,000 1.8
Aa-35 60740 15,000 1.6
Aa-36 100 22,000 L8
Aa 37 20/30 35,000 1.6
Aa38 30/70 12,000 L7
Aa-39 30770 9.000 L5
Aa-40 100 9,000 1.5
Aadl 40/15/45 12,000 1.9
Aa42 30/30/40 13,000 2.0
Aa43 40/40720 23,000 2.1
Aa44 65/30/5 25,000 1.6
Aa4s 100 15,000 17
Aa-46 20/80 9,000 1.7
Aad7 70730 18,000 L5
Aa-48 60/20/20 18,000 1.8
Aa-49 100 12,000 1.4
Aa-50 60740 20,000 L6
Aa51 70730 33,000 2.0
Aa-52 60/40 19,000 1.8
Aa-53 50/50 15,000 LS
Aa-54 40/20/40 35,000 1.9
Aa-55 100 16,000 L.

[0753] Since the hydrophobic resin (Aa) containing at least either fluorine atoms or silicon
atoms is included in the actinic ray-sensitive or radiation-sensitive resin composition of the
present invention, the resin (Aa) is unevenly distributed at a surface layer of the film formed
from the actinic ray-sensitive or radiation-sensitive resin composition and when the liquid
immersion medium is water, the receding contact angle of the film surface with water can be
increased, thereby enhancing the followability of the liquid for liquid immersion.

[0754] The receding contact angle of the film including the actinic ray-sensitive or
radiation-sensitive resin composition of the present invention that hasbbeen baked but is not
yet exposed, as measured at the exposure temperature, generally room temperature of 23+3°C
and a humidity of 45+5%, is preferably in the range of 60° to 90°, more preferably 65° or
more, still more preferably 70° or more and most preferably 75° or more.

[0755] The resin (AQ) is, as described above, unevenly distributed at the interface but unlike a
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surfactant, need not necessarily have a hydrophilic group in the molecule and may not
contribute to uniform mixing of pol ar/nohpolar substances.
[0756] In the liquid immersion exposure step, the liquid for liquid immersion needs to move
on a wafer following the movement of an exposure head that is scanning the wafer at a high
speed and forming an exposure pattern.  Therefore, the contact angle of the liquid for liquid
immersion with the resist film in a dynamic state is important, and the resist is required to
have a performance of alowing liquid droplets to follow the high-speed scanning of an
exposure head without leaving any liquid droplets.
[0757] As the resin (Aa) is hydrophobic, the problems of development residue (scum) and
BLOB defect after alkaline development are likely to become serious.  However,
improvement of performance in terms of the development residue (scum) and BLOB defect
can be attained due to an increase in akali dissolution rate by containing three or more
polymer chains combined together through at least one branch point, as compared with linear
chain resins.
[0758] When the resin (A@) contains fluorine atoms, the content of the fluorine atoms is
preferably from 5to 80% by mole, and more preferably from 10 to 80% by mole, based on the
molecular weight of the resin (Aa). The proportion of the repeating units containing a
fluorine atom is preferably from 10 to 100% by mole, and more preferably 30 to 100% by
mole, based on all repeating units in the resin (Aa). '
[0759] When the resin (Aa) contains silicon atoms, the content of the silicon atoms is
preferably from 2 to 50% by mole, and more preferably from 2 to 30% by mole, based on the
molecular weight of the resin (Aa). The proportion of the repeating units containing a silicon
atom is preferably from 10 to 90% by mole, and more preferably 20 to 80% by mole, based on
- all the repeating units of the resin (Aa).
[0760] The weight average molecular weight of the resin (Aa) is preferably 1,000 to 100,000,
more preferably 2,000 to 50,000, and still more preferably 3,000 to 30,000. Here, the weight
average molecular weight of the resin indicates a molecular weight in terms of polystyrene as
measured "by GPC (carrier: tetrahydrofuran (THF)).  Specifically, the weight average
molecular weight (Mw) of the resin (Aa) may be determined by using, for example,
HLC-8120 (manufactured by Tosoh Corporation) using TSK gel Multipore HXL-M
(manufactured by Tosoh Corporation, 7.8 mm 1Dx30.0 cm) as a column and THF as an eluent.
[0761] The content of the resin (Aa) in the actinic ray-sensitive or radiation-sensitive resin

composition may be adjusted prior to use so that the receding-contact angle of the film formed
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of the actinic ray-sensitive or radiation-sensitive resin composition falls within the
above-specified range. The content of the resin (Aa) is preferably 0.01 to 20% by mass,
more preferably 0.1 to 15% by mass, still more preferably 0.1 to 10% by mass, and
particularly preferably 0.5 to 8% by mass, based on the total solid contents of the actinic
ray-sensitive or radiation-sensitive resin composition.
[0762] The resins (Aa) may be used alone or in combination of two or more thereof.
[0763] (5) Basic Compound
[0764] The composition according to the present invention may further contain a basic
compound (except for nitrogen-containing compounds represented by the general formulae
(NI) and (N2)). The basic compound is preferably a compound having higher basicity than
phenol. Further, this basic compound is preferably an organic basic compound, and more
preferably a nitrogen-containing basic compound.
[0765] The usable nitrogen-containing basic compound is not particularly limited, but, for
example, the compounds classified into (1) to (7) below can be used.
[0766] (1) Compound Represented by General Formula (BS-1)
[Chem. 169] |

R
I (B S-1)
R ——N —R
[0767] In the general formula (BS-1),

R's each independently represent any a hydrogen atom or an organic group, provided
that at least one of three R's is an organic group. This organic group is a linear or branched
akyl group, amonocyclic or polycyclic cycloakyl group, an aryl group, or an aralkyl group.
[0768] The number of carbon atoms of the alkyl group asR isnot particularly limited, but, it is
usually 1to 20, and preferably 1to 12.

[0769] The number of carbon atoms of the cycloalkyl group as R is not particularly limited,
but it isusually 3to 20, and preferably 5to 15.

[0770] The number of carbon atoms of the aryl group as R is not particularly limited, but it is
usually 6 to 20, and preferably 6 to 10. In particular, examples of the aryl group include a
phenyl group and a naphthyl group.

[0771] The number of carbon atoms of the aralkyl group asR is not particularly limited, but it
isusually 7to 20, and preferably 7 to 11. In particular, examples of the aralkyl group include

abenzyl group.
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[0772] In the akyl group, the cycloalkyl group, the aryl group, and the aralkyl group as R, a
hydrogen atom may be substituted with a substituent. Examples of the substituent include an
akyl group, a cycloakyl group, an aryl group, an aralkyl group, a hydroxy group, a carboxy
group, an akoxy group, an aryloxy group, an akylcarbonyloxy group, and an
alkyloxycarbonyl group.
[0773] Moreover, in the compounds represented by the general formula (BS-1), it is preferable
that at least two members out of R's be an organic group.
[0774] Specific examples of the compound represented by the general formula (BS-1) include
tri-n-butylamine, tri-n-pentylamine, tri-n-octylamine, tri-n-decylamine, triisodecylamine,
dicycl ohexyl methylamine, tetradecylamine, pentadecylamine, hexadecylamine,
octadecylamine, dodecylamine, methyloctadecylamine, dimethylundecylamine,
N,N-dimethyldodecylamine, methyldioctadecylamine, N,N-dibutylaniline, N,N-dihexylaniline,
2,6-diisopropylaniline, and 2,4,6-tri(t-butyl) aniline.
[0775] Furthermore, preferred examples of the basic compound represented by the genera
formula (BS-1) include those in which at least one of the R's is an alkyl group substituted with
a hydroxyl group can be mentioned.  Specific examples of the compound include
triethanolamine and N,N-dihydroxyethylaniline.
[0776] In addition, with respect to the alkyl group as R, an oxygen atom may be present in the
akyl chan so as to form an oxyalkylene chain. The oxyakylene chain is preferably
-CH,CH.0-.  Specific examples thereof include tris(methoxyethoxyethyl)amine, and the
compounds exemplified in column 3 line 60 et seq. of US6040112A.
[0777] Examples of the basic compound represented by the general formula (BS-1) include the
following.

[Chem. 170]
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[0778] (2) Compound Having Nitrogen-containing Heterocyclic Structure

[0779] The nitrogen-containing heterocyclic structure may or may not have aromaticity.
Further, it may have aplurality of nitrogen atoms, and also may have a heteroatom other than
nitrogen. Examples thereof include compounds having an imidazole structure
(2-phenylbenzoimidazole, 2,4,5-triphenylimidazole, and the like), compounds having a
piperidine  structure  (N-hydroxyethylpiperidine,  bis(l,2,2,6,6-pentamethyl-4-piperidyl)
sebacate, and the like), compounds having a pyridine structure (4-dimethylaminopyridine and
the like), and compounds having an antipyrine structure (antipyrine, hydroxyantipyrine, and
the like). |

[0780] In addition, compounds with two or more ring structures can be appropriately used.
Specific examples thereof include [,5-diazabicyclo[4.3.0]non-5-ene and
|, 8-diiazabicyclo[5.4.0]-undec-7-ene. - '
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- [0781] (3) Amine Compound Containing Phenoxy Group

[0782] The amine compounds containing a phenoxy group are those having a phenoxy group
a the end of the alkyl group of each of the amine compounds opposite to the nitrogen atom.
- The phenoxy group may have a substituent, such as an akyl group, an alkoxy group, a halogen
atom, a cyano group, anitro group, acarboxyl group, acarboxylic ester group, a sulfonic ester
group, an aryl group, an aralkyl group, an acyloxy group, and an aryloxy group.

[0783] Compounds having at least one oxyalkylene chain between the phenoxy group and the
nitrogen atom are more preferred. The number of oxyalkylene chains in each molecule is
preferably in the range of 3to 9, and more preferably 4 to 6. Among the oxyalkylene chains,
-CH,CH,0 - is preferable.

[0784] Specific examples thereof include
2-[2- { 2-(2,2-dimethoxy-phenoxyethoxy)ethyl} -bis-(2-methoxyethyl)]-amine, compounds
(CI_-l) to (C3-3) exemplified in the paragraph 0066 of US2007/0224539A1, and the like.
[0785] The amine compound having a phenoxy group can be obtained by, for example, first
heating a primary or secondary amine having a phenoxy group and a haloalkyl ether so asto
effect a reaction therebetween, subsequently adding an agueous solution of a strong base such
as sodium hydroxide, potassium hydroxide, and tetraalkylammonium, and thereafter carrying
out an extraction with an organic solvent such as ethyl acetate and chloroform.  Alternatively,
the amine compound having a phenoxy group can be obtained by first heating a primary or
secondary amine and a haloalkyl ether having aphenoky group at itsterminus so asto effect a
reaction therebetween, subsequently adding an aqueous solution of a strong base such as
sodium hydroxide, potassium hydroxide, and a tetraalkylammonium, and thereafter carrying
out an extraction with an organic solvent such as ethyl acetate and chloroform.

[0786] (4) Ammonium Salt

[0787] As the basic compound, an ammonium salt may also be suitably used. Examples of
'the anion of the ammonium salt include halide, sulfonate, borate, and phosphate. Among
these, halide and sulfonate are particularly preferred.

[0788] The halide is particularly preferably chloride, bromide or iodide.

[0789] The sulfonate is particularly preferably organic sulfonate having 1to 20 carbon atoms.
Examples of the organic sulfonate include an alkyl sulfonate ahd an aryl sulfonate each having
1to 20 carbon atoms. _

[0790] The akyl group contained in the akyl sulfonate may have a substituent, and examples

of the substituent include a fluorine atom, a chlorine atom, a bromine atom, an alkoxy group,
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an acyl group, and an aryl group. Specific-examples of the akyl sulfonate include methane

sulfonate, ethane sulfonate, butane sulfonate, hexane sulfonate, octane sulfonate, benzyl
| sulfonate, trifluoromethane sulfonate, pentafluoroethane sulfonate and nonafluorobutane
sulfonate. '
[0791] Examples of the aryl group contained in aryl sulfonate include a phenyl group, a
naphthyl group and an anthryl group. These aryl groups may have a substituent. Preferred
examples of the substituent include a linear or branched alkyl group having 1 to 6 carbon
atoms and a cycloalkyl group having 3 to 6 carbon atoms. Specific preferred examples
thereof include a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an
n-butyl group, an i-butyl group, at-butyl group, an n-hexyl group, and a cyclohexyl group, and
other examples of the substituent include an alkoxy group having 1to 6 carbon atoms, a
halogen atom, cyano, nitro, an acyl group and an acyloxy group.
[0792] The ammonium salt may be hydroxide or carboxylate. In this case, the ammonium
sat is particularly preferably tetraalkylammonium hydroxide having 1to 8 carbon atoms, such
as tetramethylammonium hydroxide, tetraethylammonium hydroxide and
tetra-(n-butyl)ammonium hydroxide.
[0793] Preferred examples of the basic compound include guanidine, aminopyridine,
aminoakylpyridine, aminopyrrolidine, indazole, imidazole, pyrazole, pyrazine, pyrimidine,
purine, imidazoline, pyrazoline, piperazine, aminomorpholine, and aminoalkylmorpholine.
These may further have a substituent.
[0794] Preferred examples of the substituent include an amino group, an aminoakyl group, an
alkylamino group, an aminoaryl group, an arylamino group, an alkyl group, an alkoxy group,
an acyl group, an acyloxy group, an aryl group, an aryloxy group, anitro group, a hydroxyl
group, and acyano group.
[0795] Particularly preferred examples of the basic compound include guanidine,
1,1-dimethylguanidine, 1,1,3,3,-tetramethylguanidine, imidazole,  2-methylimidazole,
4-methylimidazole, N-methylimidazole, 2-phenylimidazole, 4,5-diphenylimidazole,

2,4,5-triphenylimidazole, 2-aminopyridine, 3-aminopyridine, 4-aminopyridine,
2-dimethylaminopyridine, 4-dimethylaminopyridine, 2-diethylaminopyridine,
2-(aminomethyl)pyridine, 2-amino-3-methylpyridine, 2-amino-4-methylpyridine,
2-amino5-methylpyridine, 2-amino-6-methylpyridine, 3-aminoethylpyridine,

4-aminoethylpyridine, 3-aminopyrrolidine, piperazine, N-(2-aminoethyl)piperazine,

N-(2-aminoethyl)piperidine, 4-amino-2,2,6,6 tetramethylpiperidine, 4-piperidinopiperidine,
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2-iminopiperidine, [-(2-aminoethyl)pyrrolidine, pyrazole,  3-amino-5-methylpyrazole,
5-amino-3-methyl-I-p-tolylpyrazole, pyrazine, 2-(aminomethyl)-5 methylpyrazine, pyrimidine,
2,4-diaminopyrimidine, 4,6-dihydroxypyrimidine, 2-pyrazoline,  3-pyrazoline, and
N-aminomorpholine, and N-(2-aminoethyl)morpholine.
[0796] (5) Compound (PA) Containing Functional Group Which Has Proton Acceptor
Properties And Is Decomposed by Irradiation of Actinic Rays or Radiation to Produce
Compound Exhibiting Lower Proton Acceptor Properties, or No Proton Acceptor Properties,
or Exhibiting Acid Properties Derived from Proton Acceptor Properties
[0797] The composition according to the present invention may further contain, as a basic
compound, a compound containing a functional group with proton acceptor properties,‘ which
is decomposed by the irradiation of actinic rays or radiation to produce a compound exhibiting
lower proton acceptor properties lower, or no proton acceptor properties, or exhibiting acid
properties derived from the proton acceptor properties (hereinafter aso referred to as a
compound (PA)).
[0798] The functional group with proton acceptor properties refers to a functional group
having a group, or an electron, capable of electrostatic interaction with a proton, and, for
example, means a functional group with a macrocyclic structure, such asa cyclopolyether, or a
functional group containing a nitrogen atom with an unshared electron pair not contributing to
T-conjugation.  The nitrogen atom with an unshared electron pair not contributing to
T-conjugation is, for example, a nitrogen atom with any of the partia structures of the

following general formula.

[Chem. 172]
@ @ Unshared electron pair
N, .u. O
~ LY

I

[0799] Examples of the partia structures of the functional groups with proton acceptor
properties include crown ether, azacrown ether, primary to tertiary amine, pyridine, imidazole
and pyrazine structures.

[0800] The compound (PA) is decomposed by irradiation of actinic rays or radiation to
produce a compound exhibiting lower proton acceptor properties lower, or no proton acceptor
properties, or exhibiting acid properties derived from the proton acceptor properties of the

compound (PA). The expression "exhibiting lower proton acceptor properties lower, or no
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proton acceptor properties, or exhibiting acid properties derived from the proton acceptor
properties of the compound (PA)" refers to a change of proton acceptor properties caused by
the addition of aproton to the functional group with proton acceptor properties. In particular,
the expression means that when aproton adduct is formed from the compound (PA) containing
a functional group with proton acceptor properties and a proton, the equilibrium constant of
the chemical equilibrium thereof is decreased.
[0801] The proton acceptor properties can be ascertained by performing pH measurement.  In
the present invention, it is preferable for the acid dissociation constant pKa of the compound
produced by the decomposition of the compound (PA) by irradiation of actinic rays or
radiation to satisfy the relationship pKa<-l.  Satisfying the relationship -13<pKa<-l is more
preferred, and satisfying the relationship -13<pKa<-3 is further more preferred.
[0802] In the present invention, the acid dissociation constant pKa refers to the acid
dissociation constant pKa in an aqueous solution, for example, any of those listed in Chemical
Handbook (I1) (Revised 4t Edition, 1993, edited by The Chemica Society of Japan, published
by Maruzen Co., Ltd.). The lower the value of acid dissociation constant, the greater the acid
strength. For example, the acid dissociation constant pKa in an aqueous solution can be
actually measured through the determination of the acid dissociation constant at 25°C using an
infinitely diluted agueous solution.  Alternatively, the values based on a database of
heretofore known literature values and Hammett's substituent constants can be determined by
calculation by means of the following software package 1. All the pKa values appearing in
this description are those determined by calculation by means of this software package.
[0803] Software package 1: Advanced Chemistry Development (ACD/Labs) Software V 8.14
for Solaris (1994-2007 ACD/Labs).
[0804] The compound (PA) produces, for example, any of the compounds of the general
formula (PA-1) below as the above proton adduct produced by the decomposition by
irradiation of actinic rays or radiation. Each of the compounds of the general formula (PA-1)
contains not only a functional group with proton acceptor properties but also an acidic group,
thereby being a compound exhibiting lower proton acceptor properties lower, or no proton
acceptor properties, or exhibiting acid properties derived from the proton acceptor properties
of the compound (PA).
[Chem. 173]

QA~(mB-R  (PA-D)
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[0805] In the general formula (PA-1),

Q represents -S0 ;H, -CO ,H, or -XiNHXaRf, in which Rf represents an akyl group, a
cycloalkyl group, or an aryl group, and Xi and X, each independently represent -SO - or -CO-.
[0806] A represents a single bond or adivalent connecting group. |
[0807] X represents -0 ,- or -CO-.

[0808] n represents O or 1.

[0809] B represents a single bond, an oxygen atom, or -N(RX)Ry-, in which Rx represents a
hydrogen atom or a monovalent organic group, and Ry represents a single bond or a divalent
organic group, provided that Rx may be bonded to Ry to form aring or may be bonded to R to
form aring.

[0810] R represents a monovaent organic group containing a functional group with proton
acceptor properties.

[0811] The genera formula (PA-1) will be described in greater detail. _
[0812] The divalent connecting group in A is preferably adivalent connecting group having 2
to 12 carbon atoms, and examples thereof include an alkylene group and a phenylene group.
The divalent connecting group is more preferably an akylene group having at least one
fluorine atom, preferably having 2 to 6 carbon atoms, and more preferably 2 to 4 carbon atoms.
The alkylene chain may contain a connecting group such as an oxygen atom and a sulfur atom.
The alkylene group is particularly preferably an alkylene group where from 30 to 100% by
number of the hydrogen atoms are substituted with fluorine atoms, more preferably an
alkylene group where the carbon atoms bonded to the Q site has fluorine atoms, still more
preferably a perfluoroalkylene group, and even still more preferably a perfluoroethylene group,
aperfluoropropylene group, or a perfluorobutylene group.

[0813] The monovalent organic group in Ry is preferably a monovalent organic group having 1
to 30 carbon atoms, and examples thereof include an alkyl group, a cycloalkyl group, an aryl
group, an aralkyl group, and an akenyl group. These groups may further have a substituent.
[0814] The alkyl group in Rx may have a substituent and is preferably a linear or branched
alkyl group having 1to 20 carbon atoms, ahd the alkyl chain may contain an oxygen atom, a
sulfur atom, or anitrogen atom.

[0815] The divalent organic group in Ry is preferably an alkylene group.

[0816] Asthe ring structure that may be formed by the mutual bonding of Rx and Ry, there can
be mentioned a 5- to 10-membered, especially preferably 6-membered, ring containing a

nitrogen atom.
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[0817] Furthermore, the alkyl group having a substituent includes a group where a cycloalkyl
group is substituted particularly on a linear or branched akyl group (for example, an
adamantylmethyl group, an adamantylethyl group, a cycohexylethyl group, and a camphor
residue).
[0818] The cycloalkyl group in Ry may have a substituent and is preferably a cycloalkyl group
having 3 to 20 carbon atoms, and the cycloalkyl group may contain an oxygen atom in the
ring.
[0819] The aryl group in Rx may have a substituent and is preferably an aryl group having 6 to
14 carbon atoms.
[0820] The aralkyl group in Ry may have a substituent and is preferably an aralkyl group
having 7 to 20 carbon atoms.
[0821] The akenyl group in Ry may have a substituent and includes, for example, a group
having a double bond at an arbitrary position of the alkyl group described as Rx.
[0822] The functional group with proton acceptor properties in R is as set forth above. There
can be mentioned groups with, for example, anitrogen atom-containing heterocyclic aromatic
structure, such as an azacrown ether, aprimary to tertiary amine, pyridine or imidazole.
[0823] As the organic group containing any of these structures, the organic group preferably
has 4 to 30 carbon atoms, and examples thereof include an alkyl group, acycloakyl group, an
aryl group, an aralkyl group, and an alkenyl group.
[0824] The akyl group, cycloalkyl group, aryl group, aralkyl group and akenyl group in the
functional group with proton accepting properties or ammonium group-containing akyl,
cycloalkyl, aryl, aralkyl and akenyl groups in R are the same as the akyl group, the
cycloalkyl group, the aryl group, the aralkyl group, and the akenyl group described with
respect to R, above.
[0825] Examples of the substituent which the respective groups above may have include a
halogen atom, a hydroxyl group, a nitro group, a cyano group, a carboxy group, a cafbonyl
group, a cycloalkyl group (preferably having 3 to 10 carbon atoms), an aryl group (preferably
having 6 to 14 carbon atoms), an akoxy group (preferably having 1to 10 carbon atoms), an
acyl group (preferably having 2 to 20 carbon atoms), an acyloxy group (preferably having 2 to
10 carbon atoms), an alkoxycarbonyl group (preferably having 2 to 20 carbon atoms), and an
aminoacy! group (preferably having 2 to 20 carbon atoms).  As for the cyclic structure in the
aryl group, the cycloakyl group, or the like, as well as the aminoacyl group, other examples of

the substituent include an alkyl group (preferably having 1to 20 carbon atoms).
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[0826] When B is-N(Rx)Ry-, it is preferable that R and Rx be bonded to each other to form a
ring. By virtue of forming a ring structure, the stability is enhanced and the composition
using this compound is aso enhanced in the storage stability. The number of carbon atoms
constituting the ring is preferably from 4 to 20, and the ring may be monocyclic or polycyclic
and may contain an oxygen atom, a sulfur atom, or anitrogen atom in the ring.
[0827] Examples of the monocyclic structure include a 4-, 5-, 6-, 7-, or 8-membered ring
containing a nitrogen atom. Examples of the polycyclic structure include a structure
composed of a combination of two monocyclic structures or three or more monocyclic
structures.  The monocyclic structure and polycyclic structure may have a substituent, and
preferred examples of the substituent include a halogen atom, a hydroxyl group, a cyano group,
a carboxy group, a carbonyl group, a cycloalkyl group (preferably having 3 to 10 carbon
atoms), an aryl group (preferably having 6 to 14 carbon atoms), an alkoxy group (preferably
having 1to 10 carbon atoms), an acyl group (preferably having 2 to 15 carbon atoms), an
acyloxy group (preferably having 2 to 15 carbon atoms), an alkoxycarbonyl group (preferably
having 2 to 15 carbon atoms), and an aminoacyl group (preferably having 2 to 20 carbon
atoms). As for the cyclic structure in the aryl group, a cycloalkyl group and the like,
examples of the substituent further include an alkyl group (preferably having 1to 15 carbon
atoms). As for the aminoacyl group, examples of the substituent further include an akyl
” grbup (preferably having 1to 15 carbon atoms).
[0828] Rf of -XiNHX,Rf represented by Q is preferably an akyl group having 1to 6 carbon
atoms in which fluorine atoms are optionally contained, and more preferably a perfluoroalkyl
group having 1to 6 carbon atoms. Preferably, at least one of X, and X, is -S0 ,-, and more
preferably, both of Xi and X, are -S0 -
[0829] Among the compounds represented by the geheral formula (PA-1), a compound where
the Q siteis a sulfonic acid can be synthesized using a general sulfonamidation reaction. For
example, this compound can be obtained by a method of selectively reacting one sulfonyl
halide moiety of a bis-sulfonyl halide compound with an amine compound to form a
sulfonamide bond and then hydrolyzing the other sulfonyl halide moiety, or a method of
ring-opening acyclic sulfonic anhydride through reaction with an amine compound.
[0830] It is preferable for the compound (PA) to be an ionic compound. The functional
group with proton acceptor properties may be contained in either moiety, of an anion moiety
or acation moiety. Preferably, the functional group is contained in an anion moiety.

[0831] The compound (PA) is preferably any of the compounds of the following general
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formulae (4) to (6).
[Chem. 174]
Ri=Xg-N--X -A-(X) ,-B-R [cx (4)
R'SO 3' [C]+ (5)
R-CO2 [C]* (6)

[0832] In the generd formulae (4) to (6), A, X, n, B, R, Rf, Xi and X, have the same
definitions asin the general formula (PA-1), respectively.

[0833] C* represents a counter cation.

[0834] The counter cation is preferably an onium cation. More particularly, as preferred
examples thereof, there can be mentioned a sulfonium cation described above as being
expressed by S" (R,y1) (R,p,) (Ry) of the genera formula (ZI) and an iodonium cation
described above as being expressed by I* (R,y,) (R-os) of the general formula (ZII) in the
photo-acid generators. v
[0835] Specific examples of the compounds (PA) are shown below, but the present invention is
not limited thereto.

[Chem. 175]
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[0836] Furthermore, in the present invention, the compounds (PA) other than those producing
the compounds represented by the general formula (PA-1) can be appropriately selected. For
example, compounds which are the ionic compounds and each contain a proton acceptor
moiety at their cation parts may be used. More specific examples of the compound include
compounds represented by the following general formula (7).

[Chem. 183

X
(N {ry), (7)

[0837] In the formula, A represents a sulfur atom or an iodine atom.
[0838] mis lor 2, and nis 1lor 2, provided that when A is a sulfur atom, m+n=3, and that
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when A is an iodine atom, m+n=2.
[0839] R represents an aryl group.
[0840] RN represents an aryl group substituted with a functional group with proton acceptor
properties.
[0841] X  represents a counter anion.
[0842] Specific examples of X" include the same groups as X" in the genera formula (Z1).
[0843] A preferred specific example of the aryl groups of R and Ry isaphenyl group.
[0844] Specific examples of the functional groups with proton acceptor properties introduced
in Ry are the same functional group with protdn accepting properties as set forth above with
respect to the formula (PA-1).
[0845] In the composition of the present invention, the content of the compound (PA) in the
entire composition is preferably in the range of 0.1 to 10% by mass, and more preferably 1to
8% by mass, based on the total solid contents.
[0846] (6) Guanidine Compound
[0847] The composition of the present invention may further contain a guanidine compound
having a structure represented by the following formula.
[Chem. 184]

N

PR

N™ N

[0848] The guanidine compound exhibits strong basicity because dispersion of positive
electric charges of aconjugate acid is stabilized by three nitrogen atoms.

[0849] As for the basicity of the guanidine compound (A) for use in the present invention, the
pKa of the conjugate acid is preferably 6.0 or more, and more preferably from 7.0 to 20.0 in
view of high neutralization reactivity with an acid and excellent roughness performance, and
still more preferably from 8.0 to 16.0.

[0850] Due to such strong basicity, the compound can suppress the diffusion of an acid and
contribute to the formation of an excellent pattern profile.

[0851] Furthermore, the "pKa' as used herein ispKa in an aqueous solution and described, for
example, in Chemical Handbook (I1), 4t ed., 1993, compiled by The Chemical Society of
Japan, Maruzen, and a lower value indicates higher acid strength.. Specifically, the pKa in an
aqueous solution can be measured in practice by using an infinite-dilution agueous solution

and measuring the acid dissociation constant at 25°C, or a value based on the Hammett
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substituent constants and the database of known publications can be determined by
computation using the following software package 1. All vaues of pKa cited in the
specification of the present invention are a value determined by computation using this
software package.
[0852] Software Package 1: Advanced Chemistry Development (ACD/Labs) Software V 8.14
for Solaris (1994-2007 ACD/Labs)
[0853] In the present invention, the logP is a logarithmic value of the n-octanol/water partition
coefficient (P) and is an effective parameter capable of characterizing the
hydrophilicity/hydrophobicity for compounds over awide range. The partition coefficient is
usually determined by computation but not from experiments and in the present invention, a
vaue computed using CS ChemDraw Ultra Ver. 8.0 software package (Crippen's
fragmentation method) is employed.
[0854] Furthermore, the logP of the guanidine compound (A) is preferably 10 or less.  When
the value is in this range, the compound can be uniformly contained in the resist film.
[0855] The logP of the guanidine compound (A) in the present invention is preferably in a
range of 2 to 10, more preferably in arange of 3 to 8, and still more preferably in arange of 4
to 8.
[0856] Furthermore, the guanidine compound (A) in the present invention preferably contains
no nitrogen atoms except for in the guanidine structure.
[0857] Specific examples of the guanidine compound are shown below, but the present
invention isnot limited thereto.
[Chem. 185]
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[0858] (7) Low Molecular Compound Containing Nitrogen Atom and Containing Group That

Leaves by Action of Acid

[0859] The composition of the present invention may contain a low molecular compound

containing a nitrogen atom and a group capable of leaving by the action of an acid (also
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referred to as a "low molecular compound (D)" or a "compound (D)"). The low molecular
compound (D) preferably has basicity after the group capable of leaving by the action of an
acid leaves.
[0860] The group capable of leaving by the action of an acid is not particularly limited, but an
acetal group, a carbonate group, a carbamate group, atertiary ester group, atertiary hydroxyl
group, and a hemiaminal ether group are preferred, and a carbamate group and a hemiaminal
ether group are particularly preferred. ‘
[0861] The molecular weight of the low molecular compound (D) containing a group capable
of leaving by the action of an acid is preferably from 100 to 1,000, more preferably from 100
to 700, and particularly preferably from 100 to 500.
[0862] Asthe compound (D), an amine derivative containing group capable of leaving by the
action of an acid on anitrogen atom is preferred.
[0863] The compound (D) may contain a carbamate group having a protecting group on a
nitrogen atom. The protecting group constituting the carbamate group can be represented by

the following genera formula (d-1).

[Chem. 189]
o R
E)j\o/kR'
(d- 1)

[0864] In the general formula (d-1),

each R' independently represents a hydrogen atom, alinear or branched akyl group, a
cycloalkyl group, an aryl group, an arakyl group, or an akoxyalkyl group. R's may be
bonded to each other to form aring.
[0865] YR' is preferably a linear or branched alkyl group, cycloalkyl group, or aryl group, and
more preferably alinear or branched akyl group or acycloakyl group.
[0866] Specific structures of these groups are shown below.
[Chem. 190]
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[0867] The compound (D) can be formed by any combination of the basic compound as
described later and a structure represented by the general formula (d-1).

[0868] The compound (D) is particularly preferably one having a structure represented by the
following general formula (A).

[0869] Furthermore, the compound (D) may correspond to the basic compound aslong asit is
alow molecular compound containing group capable of leaving by the action of an acid.

[Chem. 191]

b
( Ra;‘m o’ka #)
n m

[0870] In the general formula (A), R, represents a hydrogen atom, an akyl group, a cycloalkyl

group, an aryl group, or an arakyl group. Further, with n=2, two R_'s may be the same as or
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different from each other, or the two R_'s may be bonded to each other to form a divalent
heterocyclic hydrocarbon group (preferably having 20 or less carbon atoms) or a derivative
thereof.
[0871] R,'s each independently represent a hydrogen atom, an alkyl group, acycloakyl group, |
an aryl group, or an alkoxyalkyl group. However, in -C(R,)(R,)(R,), when one or more R,'s
are hydrogen atoms, at least one of the remaining R,'s is a cyclopropyl group, a 1-alkoxyalkyl
group, or an aryl group.
[0872] At least two R,'s may be bonded to form an aliphatic hydrocarbon group, an aromatic
hydrocarbon group, a heterocyclic hydrocarbon group, or a derivative thereof.
[0873] n represents an integer of 0 to 2 and m represents an integer of 1to 3, with n+m=3.
[0874] In the general formula (A), each of the alkyl group, the cycloalkyl group, the aryl group,
and the aralkyl group represented by R, and R, may be substituted with a functional group
such as a hydroxyl group, a cyano group, an amino group, apyrrolidino group, a piperidino
group, a morpholino group, and an oxo group, an akoxy group, or a halogen atom. The
alkoxyalkyl group represented by R, is also the same.
[0875] Examples of the alkyl group, cycloalkyl group, aryl group and aralkyl group (each of
the alkyl group, the cycloakyl group, the aryl group, and the aralkyl group may be substituted
with the above-described functional group, an alkoxy group, or a halogen atom) of R, and/or
R, include:

a group derived from a linear or branched alkane such as methane, ethane, propane,
butane, pentane, hexane, heptane, octane, nonane, decane, undecane, and dodecane, or a group
where the group derived from an akane is substituted with one or more kinds of or one or
more groups of cycloalkyl groups such as a cyclobutyl group, a cyclopentyl group, and a
cyclohexyl group;

a group derived from a cycloalkane such as cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, norbornane, adamantane, and noradamantane, or a group where the
group derived from a cycloalkane is substituted with one or more kinds of or one or more
groups of linear or branched akyl groups such as a methyl group, an ethyl group, an n-propyl
group, an i-propyl group, an n-butyl group, a 2-methylpropyl group, a 1-methylpropyl group,
and at-butyl group;

‘a group derived from an aromatic compound such as benzene, naphthalene or
anthracene, or a group where the group derived from an aromatic compound is substituted

with one or more kinds of or one or more groups of linear or branched alkyl groups such as a
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methyl group, an ethyl group, an n-propyl group, an i-propyl group, an n-butyl group, a
2-methylpropyl group, a 1-methylpropyl group, and at-butyl group;

a group derived from a heterocyclic compound such as pyrrolidine, piperidine,
morpholine, tetrahydrofuran, tetrahydropyran, indole, indoline, quinoline, perhydroquinoline,
indazole, and benzimidazole, or a group where the group derived from a heterocyclic
compound is substituted with one or more kinds of or one or more groups of linear or
branched alkyl groups or aromatic compound- derived groups, a group where the group
derived from a linear or branched akane or the group derived from a cycloalkane is
substituted with one or more kinds of or one or more groups of aromatic compound-derived
groups such as a phenyl group, anaphthyl group and an anthracenyl group; and a group where
the substituent above is substituted with a functional group such as a hydroxyl group, a cyano
group, an amino group, a pyrrolidino group, a piperidino group, a morpholino group, and an
0X0 group.

[0876] Incidentally, examples of the divalent heterocyclic hydrocarbon group (preferably
having 1 to 20 carbon atoms) formed by the mutual bonding of R.'s or a derivative thereof
include a group derived from a heterocyclic compound such as pyrrolidine, piperidine,
morpholine, 1,4,5,6-tetrahydropyrimidine, 1,2,3,4-tetrahydroquinoline,

1,2,3,6-tetrahydropyridine, homopiperazine, 4-azabenzimidazole, benzotriazole,

5-azabenzotriazole, |H-1,2,3-triazole, 1,4,7-triazacyclononane, tetrazole, 7-azaindole, indazole,
benzimidazolé, imidazo[l,2-a]pyridine, (1S,49)-(+)-2,5-diazabicyclo[2.2. |]heptane,

[,5,7-triazabicyclo[4.4.0]dec-5-ene, indole, indoline, 1,2,3,4-tetrahydroquinoxaline,

perhydroquinoline and 1,5,9-triazacyclododecane, and a group where the group derived from a
heterocyclic compound is substituted with one or more kinds of or one or more groups of a
linear or branched akane-derived group, a cycloakane-derived group, an aromatic
compound-derived group, a heterocyclic compound- derived group, and a functional group
such as a hydroxyl group, a cyano group, an amino group, a pyrrolidino group, a piperidino
group, amorpholino group and an oxo group.

[0877] Specific examples of the particularly preferable compound (D) in the present invention
are shown below, but the present invention is not limited thereto.

[Chem. 192]
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[0878] The compound represented by the general formula (A) can be synthesized, based on
JP2007-298569Aand JP2009- 199021 A, and the like.
[0879] In the present invention, the low molecular compound (D) may be used aone or in
mixture of two or more kinds thereof.
[0880] The composition of the present invention may not contain the low molecular compound
(D), but in the case where it contains the low molecular compound (D), the content of the
compound (D) is usualy from 0.001 to 20% by mole, preferably from 0.001 to 10% by mole,
more preferably from 0.01 to 5% by mole, based on the total solid contents of the composition
combined with the basic compound. |
[0881] Furthermore, in the case where the composition of the present invention contains an
acid generator, the ratio between the acid generator and the compound (D) used in the
composition is preferably acid generator/[compound (D)+the following basic compound)]
(molar ratio) = from 2.5 to 300. That is, the molar ratio is preferably 2.5 or more from the
viewpoint of sensitivity and resolution, and preferably 300 or less from the viewpoint of
suppressing the reduction in resolution due to thickening of the resist pattern with aging after
exposure until heat treatment. The acid generator/[compound (D)+the basic compound
above] (molar ratio) is more preferably from 5.0 to 200, and still more preferably from 7.0 to
150.

[0882] Other examples of the compounds usable in the composition according to the present
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invention include the compounds synthesized in Examples of JP2002-363146A, and the
compounds described in paragraph 0108 of JP2007-298569A.
[0883] Furthermore, photosensitive basic compounds may be used as the basic compound.
As photosensitive basic compounds, use can be made of, for example, the compounds
described in JP2003-524799A, J. Photopolym. Sci& Tech. Val. 8, p. 543-553 (1995), etc.
[0884] The molecular weight of the basic compound is usually from 100 to 1,500, preferably
from 150 to 1,300, and more preferably from 200 to 1,000.
[0885] This basic compound may be used alone or in combination of two or more kinds
thereof.
[0886] In the case where the composition according to the present invention contains a basic
compound the content of the basic compound is preferably 0.01 to 8.0% by mass, more
preferably 0.1 to 5.0% by mass, and particularly preferably 0.2 to 4.0% by mass, based on the
total solid contents of the composition.
[0887] The molar ratio of the basic compound to the photo-acid generator is preferably from
0.01 to 10, more preferably from 0.05 to 5, and still more preferably from 0.1 to 3. When
this molar ratio is excessively high, the sensitivity and/or resolution may decrease in some
cases. When this molar ratio is excessively small, there is a possibility that reduction in the
pattern occurs between the exposure and the heating (post-bask). The molar ratio is more
preferably from 0.05 to 5, and still more preferably from 0.1 to 3. The photo-acid generator
asused in the molar ratio is based on the total amount of the repeating unit (B) of the resin and
the photo-acid generator which the resin may further contain. |
[0888] (6) Acid Proliferator
[0889] The actinic ray-sensitive or radiation- sensitive composition of the present invention
may further one or two or more kinds of compounds capable of decomposing by the action of
an acid to generate an acid (hereinafter also referred to as an acid proliferator). The acid that
the acid proliferator generates is preferably a sulfonic acid, a methide acid, an imide acid, or
the like. The content of the acid proliferator is preferably 0.1 to 50% by mass, more
preferably 0.5 to 30% by mass, and still more preferably 1.0 to 20% by mass, based on the
total solid contents of the composition.
[0890] The amount ratio of the acid proliferator to the acid generator (the solid fraction of the
acid proliferator based on the total solid contents of the composition/the solid fraction of the
acid generator based on the total solid contents of the composition) is not particularly limited,
| but is preferably 0.01 to 50, more preferably 0.1to 20, and particularly preferably 0.2 to 1.0.
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[0891] Examples of the compound that can be used in the present invention are shown below,
but the present invention is not limited thereto.
[Chem. 195]
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[0892] (7) Surfactant
[0893] The composition of the present invention may further contain a surfactant. The

surfactant is particularly preferably a fluorine-based and/or silicon-based surfactant.



WO 2013/100158 PCT/JP2012/084249

232
[0894] Examples of the fluorine-based and/or silicone-based surfactant include Megaface
F176 or Megaface RO8 manufactured by DIC Corporation, PF656 and PF6320 manufactured
by OMNOVA SOLUTIONS, INC., Troy Sol S-366 manufactured by Troy Chemical Co., Ltd.,
Fluorad FC430 manufactured by Sumitomo 3M Ltd., and polysiloxane polymer KP-341
manufactured by Shin-Etsu Chemical Co., Ltd.
[0895] Surfactants other than these fluorine-based and/or silicone-based surfactants may also
be used. Examples of such other surfactants include nonionic surfactants such as
polyoxyethylene alkyl ethers and polyoxyethylene akylaryl ethers.
[0896] Moreover, other generally known surfactants may aso be appropriately used.
Examples of the useful surfactants include those described in 0273 et seq. of US
2008/0248425 Al. _
[0897] These surfactants may be used alone or in combination of two or more kinds thereof.
[0898] In the case where the composition according to the present invention further contains a
surfactant, the amount of surfactant used is preferably in the range of 0.0001 to 2% by mass,
and more preferably 0.001 to 1% by mass, based on the total solid contents of the composition.
[0899] (8) Dye
[0900] The composition according to the present invention may further include a dye.
Examples of suitable dyes include oil dyes and basic dyes.  Specific examples thereof include
Qil Yelow #101, Qil Yelow #103, Oil Pink #312, Oil Green BG, Qil Blue BOS, Qil Blue
#603, Oil Black BY, Oil Black BS and Oil Black T-505 (all manufactured by Orient Chemical
Industries, Ltd.), Crystal Violet (Cl42555), Methyl Violet (Cl42535), Rhodamine B
(Cl145170B), Maachite Green (C142000), and Methylene Blue (C152015).
[0901] (9) Photo-Base Generator
[0902] The composition according to the present invention may further contain a photo-base
generator. When a photo-base generator is contained, a more excellent pattern can be
formed.
[0903] Examples of the photo-base generator include compounds described in
JP1992-151156A (JP-H04-151156A), JP1992-162040A (JP-HO4-162040A), JP1993- 197 148A
(JP-HO5-197148A), JP1993-5995A  (JP-H05-5995), JP1994-194834A  (JP-HO6- 194834),
JP1996- 146608A (JP-HO8- 146608A), and JP1998-83079 (JP-H10-83079A), and EP622,682B.
[0904]  Specific preferred examples of the photo-base generator  include
2-nitrobenzylcarbamate, 2,5-dinitrobenzylcyclohexylcarbamate,

N-cyclohexyl-4- methylphenylsulfonamide, and
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1, 1-dimethyl-2-phenylethyl-N-isopropylcarbamate.
[0905] (10) Antioxidant
[0906] The composition according to the present invention may further contain an antioxidant.
When an antioxidant is contained, the organic material can be prevented from oxidation in the
presence of oxygen.
[0907] Examples of the antioxidant include a phenol-based antioxidant, an antioxidant
composed of an organic acid derivative, a sulfur-containing antioxidant, a phosphorus-based
antioxidant, an amine-based antioxidant, an antioxidant composed of an amine-aldehyde
condensate, and an antioxidant composed of an amine-ketone condensate. Among these
antioxidants, a phenol-based antioxidant or an antioxidant composed of an organic acid
derivative is particularly preferably used. When such an antioxidant is used, the function as
an antioxidant can be brought out without deteriorating the performance of the composition.
[0908] As the phenol-based antioxidant, for example, substituted phenols, and bis-, tris-, and
poly-phenols may be used. |
[0909] Examples of the substituted phenols include [-oxy-3-methyl-4-isopropylbenzene,
2,6-di-tert-butylphenol,  2,6-di-tert-butyl-4-ethylphenal, 2,6-di-tert-butyl-4-methyl phenol,

4-hydroxymethyl-2,6-di-tert-butyl phenol, butylhydroxyanisole,
2-( 1-methylcyclohexyl)-4,6-di rhethyl phenol, 2,4-dimethyl 6-tert-butylphenal,
2-methyl-4,6-dinonylphenal, 2,6-di-tert-butyl-a-dimethylamino-p-cresol,

6-(4-hydroxy3,5-di-tert-butylanilino)2,4-bis-octyl-thio- 1,3,5 triazine,
n-octadecyl-3-(4'-hydroxy-3',5'-di-tertbutyl phenyl) propionate, octylated phenol,

aralkyl-substituted phenols, akylated p-cresol, and hindered phenol.

[0910] Examples of the bis-, tris, and poly-phenols include 4,4'-dihydroxydiphenyl,
methylenebis(dimethyl-4,6-phenal), 2,2'-methylene-bis-(4-methyl-6-tert-butylphenol),

2,2'-methylene-bis-(4-methyl-6-cyclohexylphenol),

2,2'-methylene-bis-(4-ethyl -6-tert-butyl phenol), 4,4-methylene-bis-(2,6-di-tert-butylphenal),

2,2'-methylene-bis-(6-al phamethyl-benzyl-p-cresol), methylene-crosslinked polyhydric

alkylphenal, 4,4'-butylidenebis-(3-methyl-6-tertert-butylphenal),
1, 1-bis-(4-hydroxyphenyl)cyclohexane,
2,2'-dihydroxy-3,3'-di-(a-methylcyclohexyl)-5,5"-dimethyl diphenylmethane, akylated
bisphenal, hindered bisphenal,

[,3,5-trimethyl-2,4,6-tris(3,5-di-tertert-butyl-4-hydroxybenzyl) benzene,
tris(2-methyl-4-hydroxy-5-tertert-butyl phenyl)butane,
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tetrakis-[methylene-3-(3 -,5'-di-tertert-butyl-4'-hydroxyphenyl) propionate] methane.
[0911] Preferred examples of the antioxidants include 2,6-di-t-butyl-4-methylphenoal,
4-hydroxymethyl-2,6-di-t-butylphenal, 2,2'-methylenebi s(4-methyl-6-t-butylphenal),
butylhydroxyanisole, t-butylhydroquinone, 2,4,5-trihydroxybutyrophenone,
nordihydroguaiaretic acid, propyl gallate, octyl gallate, lauryl gallate, and isopropyl citrate.
Among these,  2,6-di-t-butyl-4-methylphenal, 4-hydroxymethyl-2,6-di-t-butylphenal,
butylhydroxyanisole and t-butylhydroquinone are preferred, and 2,6-di-t-butyl-4-methyl phenol
and 4-hydroxymethyl-2,6-di-t-butylphenol are more preferred.
[0912] These antioxidants may be used alone or in combination of two or more kinds thereof.
[0913] In the case where the composition according to the present invention contains an
antioxidant, the addition amount of antidxidant is preferably 1 ppm or more, more preferably 5
ppm or more, still more preferably 10 ppm or more, even still more preferably 50 ppm or more,
particularly preferably 100 ppm or more, and most preferably 100 to 1,000 ppm.
[0914] (11) Solvent
[0915] The composition according to the present invention may further contain a solvent. As
the solvent, an organic solvent is typically used. Examples of the organic solvent include
alkylene glycol monoalkyl ether carboxylate, akylene glycol monoakyl ether, alkyl lactate,
alkyl akoxypropionate, 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.
[0916] Preferred examples of the alkylene glycol monoakyl ether carboxylate include
propylene glycaol monomethyl ether acetate (PGMEA; aso caled
[-methoxy-2-acetoxypropane), propylene glycol monoethyl ether acetate, propylene glycol
monopropyl ether acetate, propylene glycol monobutyl ether acetate, propylene glycol
monomethyl etherpropionate, propylene glycol monoethyl efherpropionate, ethylene glycol
monomethy! ether acetate, and ethylene glycol monoethy! ether acetate.
[0917] Examples of the alkylene glycol monoakyl ether include propylene glycol
monomethyl ether (PGME; also called I-methoxy-2-propanol), propylene glycol monoethyl
ether, propylene glycol monopropyl ether, propylene glycol monobutyl ether, ethylene glycol
monomethyl ether, and ethylene glycol monoethyl ether.
[0918] Examples of the alkyl lactate include methyl lactate, ethyl lactate, propyl lactate, and
butyl lactate.
[0919] Examples of the alkyl alkoxypropionate include ethyl 3-ethoxypropionate, methyl
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3-methoxypropionate, methyl 3-ethoxypropionate, and ethyl 3-methoxypropionate.
[0920] Examples of the cyclic lactone include p-propiolactone, [-butyrolactone,
y-butyrolactone, a-methyl-y-butyrolactone,  [B-methyl-y-butyrolactone, y-valerolactone,
y-caprolactone, y-octanoic lactone, and a-hydroxy-y-butyrolactone.
[0921] Examples of the monoketone compound which may contain aring include 2-butanone,
3-methylbutanone,  pinacolone,  2-pentanone, 3-pentanone,  3-methyl-2-pentanone,
4-methyl-2-pentanone, 2-methyl-3-pentanone, 4,4-dimethyl-2-pentanone,
2,4-dimethyl-3-pentanone,  2,2,4,4-tetramethyl-3-pentanone, 2-hexanone,  3-hexanone,
5-methyl-3-hexanone, 2-heptanone, 3-heptanone, 4-heptanone, 2-methyl-3-heptanone,
5-methyl-3-heptanone, 2,6-dimethyl-4-heptanone, 2-octanone, 3-octanone, 2-nonanone,
3-nonanone,  5-nonanone,  2-decanone,  3-decanone,  4-decanone,  5-hexen-2-one,
3-penten-2-one, cyclopentanone, 2-methylcyclopentanone, 3-methylcyclopentanone,
2,2-dimethylcyclopentanone, 2,4,4-trimethyl cyclopentanone, cyclohexanone,
3-methylcyclohexanone, 4-methylcyclohexanone, 4-ethylcyclohexanone,
2,2-dimethylcyclohexanone, 2,6-dimethylcyclohexanone, 2,2,6-trimethylcyclohexanone,
cycloheptanone, 2-methylcycloheptanone and 3-methylcycloheptanone.
[0922] Examples of the alkylene carbonate include propylene carbonate, vinylene carbonate,
ethylene carbonate, and butylene carbonate.
[0923] Examples of the alkyl akoxyacetate include 2-methoxyethyl acetate, 2-ethoxyethyl
acetate, 2-(2-ethoxyethoxy)ethyl  acetate,  3-methoxy-3-methylbutyl acetate, and
[-methoxy-2-propy| acetate.
[0924] Examples of the akyl pyruvate include methyl pyruvate, ethyl pyruvate, and propyl
pyruvate.
[0925] As the solvent, a solvent having a boiling point of 130°C or higher at ordinary
temperature under atmospheric pressure is preferably used. Specific examples thereof
include cyclopentanone, y-butyrolactone, cyclohexanone, ethyl lactate, ethylene glycol
monoethyl ether acetate, PGMEA, ethyl 3-ethoxypropionate, ethyl pyruvate, 2-ethoxyethyl
acetate, 2-(2-ethoxyethoxy)ethyl acetate, and propylene carbonate.
[0926] These solvents may be used alone or in a mixture of two or more kinds thereof. In the
latter case, a mixed solvent of a solvent containing a hydroxyl group and a solvent not
containing a hydroxyl group are preferably used.
[0927] Examples of the solvent containing a hydroxyl group include ethylene glycol, ethylene
glycol monomethyl ether, ethylene glycol monoethyl ether, propylene glycol, PGME,
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propylene glycol monoethyl ether, and ethyl lactate. Among these, PGME and ethyl lactate
are particularly preferred.
[0928] Examples of the solvent not containing a hydroxyl group. include PGMEA, ethyl
ethoxypropionate, 2-heptanone,  y-butyrolactone,  cyclohexanone,  butyl acetate,
N-methylpyrrolidone, N,N-dimethylacetamide and dimethylsulfoxide. Among these,
propylene glycol monomethyl ether acetate, ethyl ethoxypropionate, 2-heptanone,
y-butyrolactone, cyclohexanone and butyl acetate are preferred. Among these, PGMEA,
ethyl ethoxypropionate and 2-heptanone are more preferred.
[0929] In the case of using a mixed solvent of a solvent containing a hydroxyl group and a
solvent not containing a hydroxyl group, the mass ratio therebetween is preferably from 1/99
to 99/1, more preferably from 10/90 to 90/10, and still more preferably from 20/80 to 60/40.
[0930] Incidentally, when a mixed solvent containing 50% by mass or more of a hydroxyl
group-free solvent is used, particularly excellent coating uniformity can be achieved.
Incidentally, the solvent is particularly preferably amixed solvent of PGMEA and one or more
kinds of other solvents.
[0931] The content of the solvent in the composition of the present invention may be
appropriately adjusted according to the desired film thickness or the like, but the composition
isusually prepared such that the entire solid content concentration of the composition becomes
from 0.5 to 30% by mass, preferably from 1.0 to 20% by mass, and more preferably from 1.5
to 10% by mass.
[0932] <Pattern Forming Method>
[0933] The present invention relates to an actinic ray-sensitive or radiation-sensitive film
formed using the above-described composition of the present invention.  Further, the pattern
forming method of the present invention includes a step of exposing and developing the
actinic ray-sensitive or radiation-sensitive film.
[0934] The composition according to the present invention is typically used asfollows. That
is, the composition according to the present invention is typically coated on a support such as
substrate to form a film.  The thickness of the film is preferably from 0.02 to 0.1 um. The
method for coating the composition on a substrate is preferably spin coating, and the spinning
speed is preferably from 1,000 to 3,000 rpm.
[0935] For example, the composition is coated on such a substrate (for example, a
silicon/silicon dioxide-coated substrate, and a silicon nitride and chromium-deposited quartz

substrate) as used in the production of a precision integrated circuit device, an imprint mold or
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the like, by using a spinner, a coater, or the like. Thereafter, the coating is dried to obtain
actinic ray-sensitive or radiation- sensitive film (hereinafter also referred to as a resist film).
Incidentally, aknown antireflection film may also be previously provided by coating.
[0936] Subsequently, the actinic ray-sensitive or radiation-sensitive film is irradiated with
actinic rays or radiation, then preferably baked (usually at 80 to 150°C, and preferably 90 to
130°C), and developed. By performing baking, a more excellent pattern can be obtained.
[0937] Examples of the actinic ray or radiation include infrared light, visible light, ultraviolet
light, far ultraviolet light, X ray and electron beam. An actinic ray or radiation having, for
example, awavelength of 250 nm or less, particularly 220 nm or less, ispreferred.  Examples
of such actinic rays or radiation ihclude KrF excimer laser (248 nm), ArF excimer laser (193
nm), F, excimer laser (157 nm), X ray, and electron beam. Preferred examples of the actinic
ray or radiation include KrF excimer laser, electron beam, X ray, and EUV light, and more
preferably electron beam, X ray, and EUV light.
[0938] That is, the present invention also relates to actinic ray-sensitive or radiation-sensitive
resin composition for KrF excimer laser, electron beam, X ray or EUV light (preferably
electron beam, X ray, or EUV light).
[0939] Inthe development step, an alkali developer isusually used.
[0940] Examples of the alkali developer include an akaline agueous solution containing
inorganic alkalis such as sodium hydroxide, potassum hydroxide, sodium carbonate, sodium
silicate, sodium metasilicate, and agueous ammonia, primary amines such as ethylamine and
n-propylamine, secondary amines such as diethylamine and di-n-butylamine, tertiary amines
such as triethylamine and methyldiethylamine, alcohol amines such as dimethylethanolamine
and triethanolamine, quaternary ammonium salts such as tetramethylammonium hydroxide
and tetraethylammonium hydroxide, or cyclic amines such as pyrrole and piperidine.
[0941] Furthermore, an appropriate amount of an alcohol and/or a surfactant may be added to
the alkali developer.
[0942] The concentration of the alkali developer isusualy from 0.1to 20% by mass. The pH
of the alkali developer isusualy from 10.0 to 15.0.
[0943] Moreover, an imprint mold may be produced using the composition according to the
present invention. For details, reference may be made to, for example, JP4109085B,
JP2008-162101A, and "Basic and Technology Expansion-Application Development of
Nanoimprint- Substrate Technology of Nanoimprint and Latest Technology Expansion, edited
by Y oshihiko Hirai (published by Frontier ‘Publishi ng)".



WO 2013/100158 PCT/JP2012/084249

238
[0944] The composition of the present invention may also be used in the process, in which
after coating, forming a film, and exposing the film, development using a developer having an
organic solvent as a main component is performed to obtain a negative tone pattern. For such
as process, for example, aprocess described in JP2010-217884A may be used.
[0945] The vapor pressure of the developer having an organic solvent as a main component
(the overall vapor pressure in the case of a mixed solvent) is preferably 5 kPa or less, more
preferably 3 kPa or less, and particularly preferably 2 kPa at 20°C. By setting the vapor
pressure of the organic solvent at 5 kPa or less, the evaporation of the developer on a substrate
or in adeveloping cup is suppressed, and thus, the temperature uniformity in the wafer surface
isimproved. Asaresult, the dimension uniformity in the wafer surface becomes good.
[0946] Asthe organic solvent used in the developer, various organic solvents are used widely,
but, for example, solvents such as 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 may be used. |
[0947] In the present invention, the ester-based solvent is a solvent having an ester group in
the molecule, the ketone-based solvent is a solvent having a ketone group in the molecule, the
alcohol-based solvent is a solvent having an acoholic hydroxyl group in the molecule, the
amide-based solvent is a solvent having an amide group in the molecule, and the ether-based
solvent is a solvent having an ether bond in the molecule. Among these, there exists a
solvent having a plurality of types of the above-described functional groups in one molecule,
and in such as case, it is assumed that the solvent corresponds to any of the solvent species
~containing a functional group contained by the solvent. For example, it is assumed that
diethylene glycol monomethy! ether corresponds to any of the alcohol-based solvents and the
ether-based solvents among the classes above. Further, the hydrocarbon-based solvent is a
hydrocarbon solvent having no substituent.
[0948] In particular, preferred is the developer containing at least one solvent selected from the
ketone-based solvent, the ester-based solvent, the alcohol-based solvent, and the ether-based
solvent.
[0949] A plurality of the solvents above may be mixed or a mixture of a solvent and a solvent
other than the solvents above or water may be used. However, in order to sufficiently exhibit
the effects of the present invention, the water content of the entire developer is preferably less
than 10% by mass, and more preferably substantially does not contain water.

[0950] The concentration of the organic solvent in the developer (the sum in the case of a
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mixture of the plurality of the organic solvents) is preferably 50% by mass or more, more
preferably 70% by mass or more, and still more preferably 90% by mass or more. A case
where the developer contains substantially only the organic solvent is particularly preferred.
Further, the case where the developer contains substantially only the organic solvent means
that the developer contains trace amounts of a surfactant, an antioxidant, a stabilizer, an
anti-foaming agent, or the like.
[0951] It is more preferable that the developer contain at least one selected from the group
consisting of butyl acetate, pentyl acetate, isopentyl acetate, propylene glycol monomethyl
ether acetate, 2-heptanone, and anisole, anong the solvents above.
[0952] [Examples]
[0953] The present invention is described in greater detail below, but the contents of the
present invention are not limited thereto.
[0954] (Synthesis Example 1: Synthesis of Compound (AM-21))
[0955] The compound (AM-21) was synthesized according to the following scheme.
[0956] 10.00 g of the following compound (1) was dissolved in 100.00 g of methylene
chloride, and 51.29 g of triethylamine was added thereto, followed by cooling to 0°C. 14.26
g of the following compound (2) and 90.00 g of a methylene chloride solution were added
dropwise thereto. After stirring for 3 hours, a saturated aqueous sodium hydrogen carbonate
solution was added to the mixture. Subsequently, 300 g of methylene chloride was added
thereto, and an operation for extracting a product from the aqueous layer was carried out three
times. The obtained organic layer was dried over anhydrous magnesium sulfate, and the
solvent was evaporated. The residue was isolated and purified by column chromatography to
obtain 11.00 g of a compound (AM-21).
[0957] 'H-NMR (ppm, CDCL,): 1.22 (9H, ), 4.05 (2H, d), 4.30 (2H, d), 7.25-7.33 (10H, m)
[Chem. 196]
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[0958] (Synthesis Example 2: Synthesis of Compound (AM-31))
' [0959] The compound (AM-31) was synthesized according to the following scheme.
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[0960] 10.00 g of the following compound (3) was dissolved in 300.00 g of dehydrated
tetrahydrofuran, and 8.31 g of triethylamine was added thereto, followed by cooling to 0°C.
16.05 g of the following compound (4) was added thereto, and the mixture was stirred at room
temperature for 30 minutes, and then heated and refluxed for 5 hours. Subsequently, the
mixture was left to be cooled to room temperature, and then 1,000 g of ethyl acetate was added
thereto. Thereafter, the organic layer was washed with 300 g of ion exchange water three
times, and then dried over anhydrous magnesium sﬁlfate, and the solvent was removed by
distillation. The residue was isolated and purified by column chromatography to obtain
12.95 g of acompound (AM-31).

[0961] 'H-NMR (ppm, toluene-dg): 1.34 (3H, t), 24-2.7 (2H, m), 5.59 (1H, d), 6.75 (1H, q),
7.0-7.2 (3H, m), 7.88 (1H, d), 8.29 (1H, d)

[Chem. 197]
N/ NH + C'/ \Ej\ N’Sé
4)
(3) (AM -31)

[0962] (Other Nitrogen-Containing Compounds)

[0963] Among the nitrogen-containing compounds (AM-1) and (AM-41) mentioned above,
the compounds in Tables as described later other than the compounds (AM-21) and (AM-31)
were synthesized as other nitrogen-containing compounds, by the same methods as those of
Synthesis Examples 1and 2 above.

[0964] (Synthesis Example 3: Synthesis of Resin (Ab-14))

[0965] The resin (Ab-14) was synthesized by the same method as the synthesis method for the
polymer (B-2) described in paragraph 0153 of JP2007-052193A.

[0966] (Synthesis Example 4: Synthesis of Resin (Ab-97))

[0967] The resin (Ab-97) was synthesized by the same method as the synthesis method for the
polymer (A-l) described in paragraph 0357 of JP2009-86358A.

[0968] (Synthesis Example 5: Synthesis of Resin (Ab-245))

[0969] The resin (Ab-245) was synthesized in accordance with the following scheme.

[Chem. 198] '
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[0970] <Synthesis of Compound (5)>

[0971] 100.00 g of the compound (1) was dissolved in 400 g of ethyl acetate. The obtained
solution was cooled to 0°C, and 47.60 g of sodium methoxide (28%-by-mass methanol
solution) was added dropwise thereto over 30 minutes. Thereafter, the mixture was stirred at
room temperature over 5 hours. Ethyl acetate was added to the reaction solution, and
subsequently, the organic layer was washed with distilled water three times and then dried
over anhydrous sodium sulfate. The solvent was removed by distillation. In this way,
131.70 g of acompound (2) (54%-by-mass ethyl acetate solution) was obtained.

[0972] 56.00 g of ethyl acetate was added to 18.52 g of the compound (2) (54%-by-mass ethyl
acetate solution) was added. 3158 g of 1,1,2,2,3,3-hexafluoropropane-l,3-disulfonyl
difluoride was added thereto, followed by cooling to 0°C. A solution formed by dissolving
12.63 g of triethylamine in 25.00 g of ethyl acetate was added dropwise to the cooled solution
over 30 minutes, and the mixture was stirred over 4 hours while maintaining the temperature
of the liquid at 0°C. Ethyl acetate was added to the obtained solution, and then the organic
layer was washed with saturated brine three times and dried over anhydrous sodium sulfate.
The solvent was removed by digtillation. In this way, 32.90 g of a compound (3) was
obtained.

[0973] 35.00 g of the compound (3) was dissolved in 315 g of methanol, followed by cooling
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to 0°C. 245 gof alN aqueous sodium hydroxide solution was added thereto, and the
mixture was stirred at room temperature for 2 hours. The solvent was removed by distillation,
and then ethyl acetate was added thereto. The organic layer was washed with 'saturated brine
three times, followed by drying over anhydrous sodium sulfate, and the solvent was removed
by distillation.  In this way, 34.46 g of acompound (4) was obtained.
[0974] 28.25 g of the compound (4) was dissolved in 254.25 g of methanol, 23.34 g of
triphenylsulfonium bromide was added thereto and the mixture was stirred at room
temperature for 3 hours. The solvent was removed by distillation, distilled water was added
thereto, and the product was extracted with chloroform three times. The obtained organic
layer was washed with distilled water three times, and then the solvent was removed by
distillation.  In this way, 42.07 g of acompound (5) was obtained.
[0975] <Synthesis of Resin (Ab-245)>
[0976] 8.15 g of the compound (6) (53.1%-by-mass propylene glycol monomethyl ether
solution), 6.14 g of the compound (7), 7.31 g of the compound (5), and 2.07 g of a
polymerization initiator V-601 (manufactured by Wako Pure Chemical Industries, Ltd.) were
dissolved in 30.13 g of propylene glycol monomethyl ether (PGME). Under a nitrogen gas
atmosphere, the obtained solution was added dropwise to 7.53 g of PGME that had been
heated to 85°C over 2 hours. The reaction solution was heated and stirred over 4 hours, and
then left to be cooed to room temperature.
[0977] The reaction solution was diluted by the addition of 30 g of acetone. The diluted
solution was added dropwise to 1,000 g of hexane/ethyl acetate=8/2, and the polymer was
precipitated and filtered. 250 g of hexane/ethyl acetate=8/2 was used and poured into the
filtered solid for washing. The obtained solid was dissolved in 70 g of acetone, and the
solution was added dropwise to 700 g of methanol/distilled water=1/9 to precipitate a polymer,
followed by filtration. 150 g of methanol/distilled water=1/9 was used and poured into the
filtered solid for washing. Thereafter, the washed solid was provided to be dried under
reduced pressure to obtain 13.87 g of aresin Ab-245.
[0978] (Other Resins (Ab))
[0979] Among the resins (Ab-1) to (Ab-283) mentioned above, the respective resins shown in
Table 2 were synthesized as the resins (Ab) other than the resins (Ab-14), (Ab-97), and
(Ab-245) by the same methods as those mentioned in Synthesis Examples 3 to 5.
[0980] With respect to the resins (Ab) synthesized above, the weight average molecular weight
and the dispersity were measured using GPC (manufactured by Tosoh Corp., HLC-8120; Tsk
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gel Multipore HXL-M). The results obtained are shown in Tables below together with the

compositiona ratios.  Further, in this GPC measurement, THF was used as the solvent.
[Table 2]

Weight
rr?glz r:lxxngr Compositional ratio Dispersity
weight
Ab-14 3,000 70 30 - - - 1.10
Ab-17 12,000 10 65 25 - - 1.12
Ab-97 18,000 50 40 10 - - 1.61
Ab-120 7,000 60 40 - - - 1.45
Ab-143 8,500 40 15 20 25 - 1.69
Ab-167 3,500 55 45 - - - 1.12
Ab-173 4,000 60 40 - - - 1.15
Ab-178 24,000 50 35 15 - - 1.65
Ab-232 10,000 45 10 35 10 - 1.55
Ab-233 11,000 10 35 10 35 10 1.53
Ab-234 10,000 10 35 10 35 10 1.56
Ab-238 5,000 45 25 5 25 - 1.73
Ab-240 20,000 55 40 5 - - 1.50
Ab-245 9,000 40 48 12 - - 1.38
Ab-269 10,000 50 50 - - - 1.13
Ab-273 17,000 70 30 - - - 1.15
Ab-275 5,000 60 40 - - - 1.16
Ab-277 7,000 75 25 - - - 1.16
Ab-281 12,000 30 10 60 - - 1.55
Ab-282 15,000 45 55 - - - 1.58
Ab-283 9,000 20 5 75 - - 1.60

[0981] <Resin (Aa)>

[0982] Among the resins (Aal) to (Aa-55) mentioned above, (Aal), (Aa-16), (Aa29), and
(Aa52) shown in Tables 3 and 6 were used asthe resin (Aa).

[0983] <Photo-Acid Generator

[0984] Among the compounds (B-1) to (B-183), (Y-1) to (Y-75) mentioned above, the
compounds shown in Tables 3 and 4 were used as the photo-acid generator.

[0985] <Basic Compound> v

[0986] Any one of the following N-1 to N-4 was used as the basic compound other than the
nitrogen-containing compound of the present invention.

[Chem. 199]
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[0987] <Surfactant>
[0988] Any one of the following W-I to W-4 was used as the surfactant.
W-I: Megaface R0O8 (manufactured by Dainippon Ink & Chemicals, Inc.; fluorine-
and silicon-based)
W-2: Polysiloxane Polymer KP-341 (manufactured by Shin-Etsu Chemica Co., Ltd,;
silicon-based)
W-3: Troysol S-366 (manufactured by Troy Chemical; fluorine-based)
W-4: PF6320 (manufactured by OMNOVA; fluorine-based)
[0989] <Solvent>
[0990] Any one of the following S-1 to S-4 was appropriately mixed and used as the solvent.
S-1: PGMEA (b.p.=146°C) |
S-2: PGME (b.p.=120°C)
S-3: Methyl lactate (b.p.=145°C)
S-4: Cyclohexanone (b.p.=157°C)
[0991] <Developer>
G- 1: Butyl acetate
G-2: Methyl amyl ketone (2-heptanone)
G-3: Anisole
[0992] <Rinsing Liquid>
G-4: 4-Methyl-2-pentanol
G-5: 1-Hexanal

G-6: Decane
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[0993] <Evaluation of Resist: EB Exposure, Alkali Development/Positive Tone Pattern>
[0994] The components shown in Table 3 below were dissolved in the solvent shown in the
same Tablesto prepare a solution having a solid content concentration of 3.0% by mass.  This
solution was finely filtered through a membrane filter having apore size of 0.1 um to obtain a
resist solution. |
[0995] The numerical value of "% by mass' shown in Table 3 is a value based on the entire
solid content excluding the surfactant of the composition. Incidentally, the content of the
surfactant is 0.01% by mass based on the entire solid content excluding the surfactant of the
composition.
[0996] The positive tone resist solution above was coated on a hexamethyldisilazane-treated
silicon substrate by using a spin coater and dried by heating on a hot plate a¢ 100°C for 60
seconds to obtain aresist film having an average thickness of 100 nm.
[0997] This resist film was irradiated with electron beam using an electron beam irradiation
apparatus (HL750, manufactured by Hitachi, Ltd., accelerating voltage: 50 keV).
Immediately after the irradiation, the film was baked on a hot plate a 100°C for 90 seconds,
then developed with an agueous tetramethylammonium hydroxide solution having a
concentration of 2.38% by mass at 23°C for 60 seconds, rinsed with pure water for 30 seconds,
and dried by heating a 95°C for 60 seconds. In this way, a line-and-space pattern
(linesspace=I:I) was formed.
[0998] <Evaluation of Resist: EB Exposure, Organic Solvent Development/Negative Tone
Pattern>
[0999] The components shown in Table 4 below were dissolved in the solvent shown in the
same Tablesto prepare a solution having a solid content concentration of 3.0% by mass. This
solution was finely filtered through a membrane filter having a pore size of 0.1 pun to obtain a
resist solution.
[1000] The numerical value of "% by mass' shown in Table 4 is a value based on the entire
solid content excluding the surfactant of the composition. Incidentally, the content of the
surfactant is 0.01% by mass based on the entire solid content excluding the surfactant of the
composition.
[1001] A pattern formation was carried out in the same manner as for the akali
development/positive pattern except that the development was carried out by means of an
organic developer instead of the alkali developer while irradiating the inverted drawing area

“with an electron beam, the development was carried out for 30 seconds instead of 60 seconds,
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and an organic rinsing liquid was used instead of pure water asthe rinsing liquid.
[1002] For each of the obtained positive tone pattern and the negative tone pattern, the
sensitivity, the pattern profiles, and the resolution were evaluated by the evaluation methods
described below.
[1003] (Sensitivity) v
[1004] The cross-sectional profile of the obtained line-and-space pattern was observed using a
scanning electron microscope (S-4800, manufactured by Hitachi, Ltd.), and the minimum
irradiation energy when resolving a line having a line width of 100 nm was determined. This
value was shown as"Sensitivity (uC/cm?)". The evaluation results are shown in Table 3.
[1005] (Pattern Profile)
[1006] The cross-sectiona profile of the 100-nm line pattern (line:space=| :1) at the irradiation
dose giving the sensitivity above was observed using a scanning electron microscope (S-4300,
manufactured by Hitachi, Ltd.), and the profile was evaluated on a 3-stage scale, that is,
"Rectangular”, "Tapered", and "Reversely tapered".
[1007] (Resolution)
[1008] In the sensitivity obtained above, a minimum nm at which resolution could be made
with line:space=I :1 was observed using a scanning e ectron microscope.
[1009] The evaluation results are shown in Tables 3 and 4.
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[1010] <Evaluation of Resist: EUV Exposure, Alkali Development/Positive Tone Pattern>
[1011] The components shown in Table 4 below were dissolved in the solvent shown in the
same Tables to prepare a solution having a solid content concentration of 1.5% by mass, and
the solution was filtered through a membrane filter having a pore size of 0.05 pm to obtain a
resist solution.
[1012] The numerical value of "% by mass' shown in Table 5 is a value based on the entire
solid content excluding the surfactant of the composition. Incidentally, the content of the
surfactant is 0.01% by mass based on the entire solid content excluding the surfactant of the
composition.
[1013] The positive tone resist solution above was coated on a hexamethyldisilazane-treated
silicon substrate by using a spin coater and dried by heating on a hot plate at 100°C over 60
seconds to obtain aresist film having an average thickness of 50 nm.
[1014] This resist film was irradiated with EUV light using an EUV exposure apparatus
(Micro Exposure Tool, NAO. 3, X-dipole manufactured by Exitech, Outer Sigma 0.68, Inner
Sigma 0.36). Immediately after the irradiation, the film was baked on a hot plate at 100°C
over 90 seconds, then developed with an aqueous tetramethylammonium hydroxide solution
having a concentration of 2.38% by mass at 23°C for 60 seconds, rinsed with pure water for 30
seconds, and dried by heating a 95°C for 60 seconds. In this way, a line-and-space pattern
(linezspace=I:I) was formed.
[1015] <Evaluation of Resist: EUV Exposure, Organic Solvent Development/Negative Tone
Pattern>
[1016] The components shown in Table 6 below were dissolved in the solvent shown in the
same Tablesto prepare a solution having a solid content concentration of 1.5% by mass. This
solution was finely filtered through a membrane filter having a pore size of 0.05 um to obtain
aresist solution. |
[1017] The numerical value of "% by mass' shown in Table 6 is a value based on the entire
solid content excluding the surfactant of the composition. Incidentally, the content of the
surfactant is 0.01% by mass based on the entire solid content excluding the surfactant of the
composition.
[1018] A pattern formation was carried out in the same manner as for the akali
development/positive pattern except that the development was carried out by means of an
organic developer instead of the alkali developer using an-exposing mask that inverted the
pattern of the exposed mask, the development was carried out for 30 seconds instead of 60
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seconds, and an organic rinsing liquid was used instead of pure water asthe rinsing liquid.
[1019] For each of the obtained positive tone pattern and the negative tone pattern, the
sensitivity, the pattern profiles, the resolution, and DOF were evaluated by the evaluation
methods described below.
[1020] (Sensitivity)
[1021] First, the cross-sectiona profile of the obtained line-and-space pattern was observed
using a scanning electron microscope (S-4800, manufactured by Hitachi, Ltd.), and the
minimum irradiation energy when resolving a line having a line width of 50 nm was
determined. This value was shown as "Sensitivity (mJcm?)".
[1022] (Pattern Profile)
[1023] The cross-sectional profile of the 100-nm line pattern (line:space=l:l) at the irradiation
dose giving the sensitivity above was observed using a scanning electron microscope (S-4800,
manufactured by Hitachi, Ltd.), and the profile was evaluated on a 2-stage scale, that is,
"Rectangular" and "Reversely tapered”.
[1024] (Resolution)
[1025] In the sensitivity obtained above, a minimum nm at which resolution could be made
with line:space=Il:I was observed using a scanning electron microscope.
[1026] (DOF)
[1027] For a 50-nm line pattern (line:space=I:1), a 50-nm isolated line (line:space=I:10), and
a 50-nm isolated trench pattern, an acceptable range of focus variation was determined and a
common focus variation width (un) acceptable in all was determined.

[1028] These evaluation results are shown in Tables 5and 6.
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[1029] From the above-described results, it can be found that the composition of the present
invention can find appropriate application as for a lithography process in the production of a

variety of electronic devices such as semiconductor elements and recording media.
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CLAIMS

1 An actinic ray-sensitive or radiation-sensitive resin composition comprising:
' anitrogen-containing compound, and
aresin (Ab) capable of varying apolarity thereof by the action of an acid,
wherein the nitrogen-containing compound is a compound having at least one amino
group formed by bonding one or two hydrogen atoms to a nitrogen atom, and
a least one hydrogen atom of said one or two hydrogen atoms is substituted by an
-S-R3 group or an -S(0)R; group (wherein R; represents a substituent).

2. An actinic ray-sensitive or radiation-sensitive resin composition comprising:
anitrogen-containing compound, and
aresin (Ab) capable of varying an alkali solubility thereof by the action of an acid,
wherein the nitrogen-containing compound is a compound having at least one amino
group formed by bonding one or two hydrogen atoms to anitrogen atom, and
at least one hydrogen atom of said one or two hydrogen atoms is substituted by an -S-R, group
or an -S(0)R ; group (wherein R, represents a substituent).
3. The composition according to claim 1 or 2, wherein the nitrogen-containing compound is
represented by either the general formula (NI) or (N2).

[Chem. 1]
Ry . R1 O
N-5-R N-8-R
3 3
R 4
(N1) (N2)

(In the general formulae (NI) and (N2),

R; and R, each independently represent a hydrogen atom or a substituent, provided
that a case where Ri and R, are hydrogen atoms at the same time is excluded. Further, R,
and R, may be bonded to each other to form a ring together with a nitrogen atom in the
formula.

R, represents a substituent).

4. The composition according to claim 3, wherein Ri and R, in the general formula (NI) and

(N2) are bonded to each other to form aring together with anitrogen atom in the formula.
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5. The composition according to any one of clams 1 to 4, wherein the substituent

represented by R; is agroup containing an acid-decomposable group.

6. The composition according to any one of claims 1to 5, further comprising a compound

capable of generating an acid by irradiation with actinic rays or radiation.

7. The composition according to any one of claims 1to 6, wherein the resin (Ab) contains a
repeating unit (B) comprising a structural portion capable of generating an acid by irradiation

with actinic rays or radiation.

8. The composition according to any one of claims 1 to 7, further comprising aresin (Aa)

containing at least any one of fluorine atoms and silicon atoms.

9. The composition according to any one of claims 1to 8, wherein the resin (Ab) contains at

least one kind of repeating unit  represented by the general formula (A).

[Chem. 2]
%CHz-—CH%—
&

(som——\/\l

(OH)N

(A)

(In the general formula (A),

n represents an integer of 1to 5 and m represents an integer of O to 4, satisfying the
relationship of l<m+n<5.

Si represents a substituent.  In the case where mis 2 or more, aplurality of si's may

be the same as or different from each other).

10. The composition according to clam 9, wherein the resin (Ab) at least contains a
repeating unit represented by the following formula as the repeating unit represented by the
genera formula (A).

[Chem. 3]
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-(-CHZ—CH-)-

11. The composition according to any one of claims 1to 10, wherein the resin (Ab) contains
a least one kind of the repeating units represented by the general formulae (Al) and (A2).
[Chem. 4]

Lom-c-

X
= |
(S')m_‘./j "(‘CHZ“C‘)“
X c':o -A
(OA)N 22
(A1) (A2)

(In the general formula (A 1),

n represents an integer of 1to 5 and m represents an integer of 0 to 4, satisfying the
relationship of <m+n<5.

Si represents a substituent, and in the case where m is 2 or more, a plurality of Si's
may be the same as or different from each other.

Ai represents a hydrogen atom or a group capable of leaving by the action of an acid.
However, at least one Ai represents a group capable of leaving by the action of anacid. In
the case of n>2, aplurality of Ai's may be the same as or different from each other; and

In the general formula (A2),

X represents a hydrogen atom, an alkyl group, a hydroxyl group, an alkoxy group, a
halogen atom, a cyano group, a nitro group, an acyl group, an acyloxy group, a cycloalkyl
group, a cycloakyloxy group, an aryl group, a carboxy group, an alkyloxycarbonyl group, an
alkylcarbonyloxy group, or an aralkyl group.

A, represents a group capable of leaving by the action of an acid).

12. The composition according to any one of claims 1 to 11, which is used for EUV

exposure.

13.  An actinic ray-sensitive or radiation-sensitive film formed using the composition

according to any one of claims 1to 12.
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14. A pattern forming method comprising:
a step of forming a film using the composition according to any one of claims 1to 12;
a step of exposing the formed film; and
a step of developing the exposed film.

15. The pattern forming method according to claim 14, wherein exposure is carried out using

EUV.

16. A semiconductor device produced by performing the steps comprising the pattern

forming method according to claim 14 or 15.
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