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DESCRIPTION

Title of Invention
PATTERN FORMING METHOD, CHEMICAL AMPLIFICATION RESIST
COMPOSITION AND RESIST FILM

Technical Filed

The present invention relates to a pattern forming method applicable to the
production of an electronic device such as a semiconductor device or a liquid crystal device or
thermal head or the process of producing a semiconductor such as IC or the production of a
circuit board such as thermal head and further to the lithography in other photo-fabrication
processes, a chemical amplification resist composition used for the pattern forming method,
and a resist film. More specifically, the present invention relates to a pattern forming method
suitable for exposure by an ArF exposure apparatus, an ArF immersion-type projection
exposure apparatus or an EUV exposure apparatus each using a light source that emits far
ultraviolet light at a wavelength of 300 nm or less, a chemical amplification resist composition

used for the pattern forming method, and a resist film..

Background Art

Since the advent of a resist for KrF excimer laser (248 nm), an image forming
method called chemical amplification is used as an image forming method for resist so as to
compensate for sensitivity reduction caused by light absorption. For example, the image
forming method by positive chemical amplification is an image forming method of
decomposing an acid generator in the exposed area upon exposure with excimer laser, electron
beam, extreme-ultraviolet light or the like to produce an acid, converting an alkali-insoluble
group into an alkali-soluble group by using the generated acid as a reaction catalyst in the
baking after exposure (PEB: Post Exposure Bake), and removing the exposed area with an
alkali developer.

As for the alkali developer used in the method above, various alkali developers have
been proposed, but an aqueous alkali developer of 2.38 mass% TMAH (an aqueous
tetramethylammonium hydroxide solution) is being used for general purposes.

Also, due to miniaturization of a semiconductor device, the trend is moving toward a

shorter wavelength of the exposure light source and a higher numerical aperture (higher NA)
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of the projection lens, and an exposure machine using an ArF excimer laser with a wavelength
of 193 nm as a light source has been developed at present. Furthermore, for example, a so-
called immersion method of filling a high refractive-index liquid (hereinafter sometimes
referred to as an "immersion liquid") between the projection lens and the sample, and EUV
lithography of performing exposure to ultraviolet light at a shorter wavelength (13.5 nm) have
been proposed.

However, it is actually very difficult to find out an appropriate combination of a
resist composition, a developer, a rinsing solution and the like, necessary for forming a pattern
with overall good performance, and more improvements are being demanded. In particular,
as the resolved line width of resist becomes finer, improvement of the line edge roughness
performance of a line pattern or the in-plane uniformity of the pattern dimension is being
desired.

On the other hand, as well as the currently predominant positive resist, a negative
chemical amplification resist composiﬁon for use in the pattern formation by alkali
development is also being developed (see, for example, JP-A-2006-317803 (the term "JP-A"

as used herein means an "unexamined published Japanese patent application"), JP-A-2006-
259582, JP-A-2006-195050, JP-A-2000-206694). Because, in the production of a
semiconductor device or the like, patterns having various profiles such as line, trench and hole
need to be formed and some patterns are difficult to form by the current positive resist
composition.

In the pattern formation by alkali development using a conventional negative resist
composition, it is demanded to more improve the line width variation (LWR), focus latitude
(DOF) and other various performances, which are presumed to be mainly governed by
swelling at the development,.

Also, a double developing technique as a double patterning technology for further
raising the resolution is described in JP-A-2008-292975. In this technique, by making use of
a property that when exposed, the polarity of a resin in a resist composition becomes high
polarity in a high light intensity region and becomesv low polarity in a low light intensity
region, a high exposure region of a specific resist film is dissolved with a high-polarity
developer and a low exposure region is dissolved with a low-polarity developer, whereby the
medium exposure dose region is allowed to remain without being dissolved and removed by

development and a line-and-épace pattern having a pitch half the pitch of the exposure mask is

formed.
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Furthermore, a chemical amplification resist composition comprising a first resin
containing an acid-decomposable repeating unit with a partial structure selected from specific
alicyclic hydrocarbon structures and being capabie of increasing the polarity by the action of
an acid to decrease the solubility for a negative developer (a developer that selectively
dissolves and removes the exposed area), and a second resin containing an acid-decomposable
repeating unit and being capable of increasing the polarity by the action of an acid to decrease
the solubility for a negative developer, with the average content of acid-decomposable
repeating units being different from the average content of acid-decomposable repeating units
in the first resin, is described in JP-A-2009-025707. It is demonstrated that according to this
chemical amplification resist composition, a pattern with little line edge roughness and good
performance in terms of pattern collapse is obtained.

However, more stable formation of a high-definition fine pattern for producing a

high-precision electronic device with high integration is being demanded.

Summary of Invention

An object of the present invention is to solve the above-described tasks and provide
a pattern forming method, a chemical amplification resist composition and a resist film,
ensuring that the exposure latitude (EL) and focus latitude (DOF) are excellent and the line
width variation (LWR) and scum defect can be reduced,

The present invention includes the following configurations, and the above-
described object of the present invention is attained by these configurations.
1) A pattern forming method comprising:

Q)] a step of forming a film from a chemical amplification resist composition,

(i1) a step of exposing the film, and

(iii)  a step of developing the exposed film by using an organic solvent-containing

developer,

wherein the resist composition contains:

(A) aresin,

(B) a nonionic compound capable of generating an acid upon irradiation with an
actinic ray or radiation,

(C) a crosslinking agent, and

(D) a solvent.

(2) The pattern forming method as described in (1) above, wherein the resin (A) is
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substantially alkali-insoluble.
3) The pattern forming method as described in (1) or (2) above, wherein the nonionic

compound is a compound represented by the following formula (B1) or (B2):

0 | i)
O—S—R2
R1—802‘"O—N/\A j{ J
X XY
(B1) (B2)

wherein each of R1 and R2 independently represents an organic group,

A represents an alkylene group, a cycloalkylene group, an alkenylene group, a
cycloalkenylene group or an arylene group,

each of X and Y independently represents an alkyl group, a cycloalkyl group, an aryl
group, a cyano group or a nitro group, X and Y may combine with each other to form a ring,
and |

X or Y in a compound represented by formula (B2) may combine with X or Y in
another compound represented by formula (B2) through a linking group.
4) The pattern forming method as described in (3) above, wherein the organic group as

R1 and R2 in formulae (B1) and (B2) is a group represented by the following formula (I):
Ry

«—fcHL+—cy ()
xy /y

R>

wherein each of R; and R, independently represents a hydrogen atom, a fluorine
atom or an alkyl group, and when a plurality of R;'s or R,'s are present, each R; or R, may be
the same as or different from every other R, or R,

L; represents a divalent linking group and when a plurality of L,'s are present, each
L; may be the same as or different from every other L,

Cy represents a cyclic organic group,

X represents an integer of 0 to 20,

y represents an integer of 0 to 10, and
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* represents a bond to a sulfonyl group.
(5) The pattern forming method as described in (4) above, wherein the organic group

represented by formula (I) is a group represented by the following formula (II) or (III):
Rs

Xf

I\ /| Rep
*—GcHCHLZ o () . (1T

AR

Xf

R4

wherein in formula (II),

each Xf independently represents a fluorine atom or an alkyl group substituted with
at least one fluorine atom,

each of R3 and R4 independently represents a-hydrogen atom or an alkyl group, and
when a plurality of Rj's or R4's are present, each R3 or R4 may be the same as or different from
every other R3 or Ry,

L, represents a divalent linking group and when a plurality of L,'s are present, each
L, may be the same as or different from every other L,,

Cy represents a cyclic organic group,

x' represents an integer of 0 to 20,

y' represents an integer of 0 to 10, and

Z' represents an integer of 0 to 10,

provided that 1<x'+y'+z';
in formula (III),

Ar represents an aryl group, _

R;s represents a group containing a hydrocarbon group, and

p represents an integer of 0 or more;
and in formulae (II) and (III),

* represents a bond to a sulfonyl group.
(6) The pattern forming method as described in (5) above, wherein the organic group
represented by formula (II) or (III) is an organic group represented by formula (II) and x' is an
integer of 1 to 10.
@) The pattern forming method as described in any one of (1) to (6) above, wherein the
resin (A) contains a repeating unit having an acid-decomposable group.

®) The pattern forming method as described in any one of (1) to (6) above, wherein the
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resin (A) does not contain a repeating unit having an acid-decomposable group.

) The pattern forming method as described in any one of (1) to (8) above, wherein the
organic solvent-containing developer is a developer containing at least one kind of an organic
solvent selected from the group consisting of a ketone-based solvent, an ester-based solvent,
an alcohol-based solvent, an amide-based solvent and an ether-based solvent.

(10) The pattern forming method as described in any one of (1) to (9) above, which is a
negative-type pattern forming method.

an A chemical amplification resist composition that is used for the pattern forming
method as described in any one of (1) to (10) above.

(12) A resist film formed of the chemical amplification resist composition as described in
(11) above.

(13) A method for producing an eleptronic device, comprising the pattern forming method
as described in any one of (1) to (10) above.

(14) An electronic device formed by the method as described in (13) above.

The present invention preferably further includes the following configurations.
(15) The pattern forming method as described in any one of (1) to (3) and (7) to (10)
above, wherein the organic group as R1 and R2 in formulae (B1) and (B2) is an alkyl group.
(16) The pattern forming method as described in any one of (1) to (3), (7) to (10) and
(15) above, wherein the organic group as R1 and R2 in formulae (B1) and (B2) is a fluoroalkyl
group.
17 The pattern forming method as described in any one of (1) to (10), (15) and (16)
above, wherein the resin (A) contains a repeating unit having a lactone structure.
(18) The pattern forming method as described in any one of (1) to (10) and (15) to (17)
above, wherein the chemical amplification resist composition further contains a hydrophobic
resin having at least either a fluorine atom or a silicon atom.
(19) The pattern forming method as described in any one of (1) to (10) and (15) to (18)
above, wherein the water content ratio for the entire developer of the organic solvent-
containing developer is less than 10 mass%.
(20) The pattern forming method as described in any one of (1) to (10) and (15) to (19)
above, wherein the content of the organic solvent in the organic solvent-containing developer
1s from 90 to 100 mass% based on the entire amount of the developer.

According to the present invention, a pattern forming method, a chemical



WO 2011/132764 PCT/JP2011/059890

7

amplification resist composition and a resist film can be provided, ensuring that the exposure
latitude (EL) and focus latitude (DOF) are excellent and the line width variation (LWR) and

scum defect can be reduced.

Description of Embodiment

The mode for carrying out the present invention is described below.

In the present specification, when a group (atomic group) is denoted without
specifying whether substituted or unsubstituted, the group includes both a group having no
substituent and a group having a substituent. For example, "an alkyl group" includes not
only an alkyl group having no substituent (unsubstituted alkyl group) but also an alkyl group
having a substituent (substituted alkyl group).

In the present specification, the term "actinic ray" or "radiation" indicates, for
example, a bright line spectrum of mercury lamp, a far ultraviolet ray typified by excimer laser,
an extreme-ultraviolet ray (EUV light), an X-ray or an electron beam. Also, in the present
Invention, the "light" means an actinic ray or radiation.

Furthermore, in the present specification, unless otherwise indicated, the "exposure”
includes not only exposure to a mercury lamp, a far ultraviolet ray typified by excimer laser,
an extreme-ultraviolet ray, an X-ray, EUV light or the like but also lithography with a particle
beam such as electron beam and ion beam.

The pattern forming method of the present invention comprises:

(1) a step of forming a film from a chemical amplification resist composition
containing (A) a resin, (B) a nonionic compound capable of generating an acid upon
irradiation with an actinic ray or radiation, (C) a crosslinking agent, and (D) a solvent,

(11) a step of exposing the film, and

(iii)  a step of developing the exposed film by using an organic solvent-containing
developer.

As to the fact that when the unexposed area in a resist film obtained using the resist
composition above is developed with an organic solvent-containing developer, the exposure
latitude (EL) and focus latitude (DOF) can be excellent and the line width variation (LWR)
and scum defect can be reduced, its operational mechanism is not completely clarified.

However, it may be considered that when a nonionic compound is used as the acid
generator as in the present invention, the solubility of the unexposed area for an organic

solvent-containing developer can be increased while scarcely affecting the solubility of the
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exposed area for an organic solvent-containing developer, as a result, the dissolution contrast
between the exposed area and the unepr‘sed area is enhanced.

Also, when the resist composition contains a crosslinking agent, this becomes a
factor in reducing the solubility of the exposed area underwent a crosslinking reaction for an
organic solvent-containing developer and therefore, contributes to enhancing the above-
described dissolution contrast.

The high dissolution contrast considered to be achieved for these reasons is
presumed to lead to enhancement of the exposure latitude (EL) and focus latitude (DOF) and
reduction of the line width variation (LWR) and scum defect.

In the pattern forming method of the present invention, the developer is preferably a
developer containing at least one kind of an organic solvent selected from the group consisting
of a ketone-based 'solvent, an ester-based solvent, an alcohol-based solvent, an amide-based
solvent and an ether-based solvent.

The pattern forming method of the preéent invention preferably further comprises
(iv) a step of performing rinsing by using an organic solvent-containing rinsing solution.

The rinsing solution is preferably a rinsing solution containing at least one kind of
an organic solvent selected from the group consisting of a hydrocarbon-based solvent, a
ketone-based solvent, an ester-based solvent, an alcohol-based solvent, an amide-based solvent
and an ether-based solvent.

The pattern forming method of the present invention preferably comprises (v) a
heating step after the exposure step (ii).

In the pattern forming method of the present invention, the resin (A) may be a resin
capable of increasing the polarity by the action of an acid to increase the solubility for an

‘alkali developer and the method may further comprise (vi) a step of developing the film by
using an alkali developer.

In the pattern forming method of the present invention, the exposure step (ii) may be
performed a plurality of times.

In the pattern forming method of the present invention, the heating step (v) may be
performed a plurality of times.

The resist film of the present invention is a film formed of a chemical amplification
resist composition containing (A) a resin, (B) a nonionic compound capable of generating an
acid upon irradiation with an actinic ray or radiation, (C) a crosslinking agent, and (D) a

solvent, and this film is formed, for example, by coating the resist composition on a base
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The resist composition which can be used in the present invention is described
below.

[1] (A) Resin

The chemical amplification resist composition of the present invention forms a
negative pattern by the pattern forming method of the present invention.

That is, in a resist film obtained from the chemical amplification resist composition
of the present invention, the exposed area is reduced in the solubility for an organic solvent-
containing developer due to a crosslinking reaction caused to proceed by the action of an acid
and becomes insolubilized or sparingly solubilized, and the unexposed area remains soluble in
an organic solvent-containing developer, whereby a negative pattern is formed.

The resin (A) is preferably substantially alkali-insoluble.

The term "substantially alkali-insoluble” means that when a coating film (thickness:
100 nm) is formed by dissolving only the resin (A) in a solvent such as butyl acetate to have a
solid content concentration of 3.5 mass% and coating the composition obtained and the film is
dipped in an aqueous 2.38 mass% tetramethylammonium hydroxide (TMAH) solution at room
temperature (25°C) for 1,000 seconds, the average dissolution rate (the rate of decrease in the
film thickness) measured using a QCM (quartz crystal oscillator microbalance) sensor or the
like 1s 1 nm/s or less, preferably 0.1 nm/s or less. Thanks to this condition, the resist film in
the unexposed area exhibits good solubility for an organic solvent-containing developer.

The resin (A) may or may not contain a repeating unit having an acid group, but as
described above, the resin (A) is preferably substantially alkali-insoluble and therefore,
preferably does not contain such a repeating unit.

Examples of the acid group include a carboxyl group, a sulfonamide group, a
sulfonylimide group, a bisulfonylimide group, and an aliphatic alcohol substituted with an
electron-withdrawing group at the a-position (for example, a hexafluoroisopropanol group and
-C(CF3),0H).

In the case where the resin (A) contains an acid group, the content of the repeating
unit having an acid group in the resin (A) is preferably 25 mol% or less, more preferably 15
mol% or less, still more preferably 10 mol% or less. In the case where the resin (A) contains
a repeating unit having an acid group, the content of the acid group-containing repeating unit
in the resin (A) is usually 1 mol% or more.

Here, the electron-withdrawing group indicates a substituent having a propensity to
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attract an electron, for example, a substituent having a propensity to draw an electron from an
atom located in proximity to the group in a molecule.

The electron-withdrawing group specifically includes those in Zy,; of formula (KA-
1) described later.

As long as the film when formed using the resist composition dissolves in an organic
solvent-containing developer, the resin need not have by itself solubility for an organic
solvent-containing developer. . For example, depending on the property or content of other
components contained in the resist composition, it may suffice if a film formed using the resist
composition dissolves in the developer.

The resin (A) is generally synthesized by polymerization, for example, radical
polymerization, of a monomer having a partial structure to be polymerized and contains a
repeating unit derived from the monomer having a partial structure to be polymerized.
Examples of the partial structure to be polymerized include an ethylenically polymerizable
partial structure.

Respective repeating units which can be contained in the resin (A) are described in
detail below.

(al) Repeating Unit Having Crosslinking Group

The resin (A) preferably contains (al) a repeating unit having a crosslinking group at
least either in the main chain or on the side chain. When such a unit is contained, the
crosslinking group reacts with a crosslinking ageﬁt by the action of an acid, and this is
expected to not only make the resist film substantially insoluble for an organic solvent-
containing developer but also enhance the adherence to substrate.

The crosslinking group is preferably an alcoholic hydroxyl group.

The alcoholic hydroxyl group as used in the present invention is a hydroxyl group
bonded to a hydrocarbon group and is not particularly limited as long as it is a hydroxyl group
except for the hydroxyl group (phenolic hydroxyl group) bonded directly on an aromatic ring,
but in the present invention, a hydroxyl group except for the hydroxyl group in the aliphatic
alcohol substituted with an electron-withdrawing group at the a-position, described above as
the acid group, is preferred. The hydroxyl group is preferably a primary alcoholic hydroxyl
group (a group where the carbon atom on which a hydroxyl group is substituted has two
hydrogen atoms separately from the hydroxyl group) or a secondary alcoholic hydroxyl group
where another electron-withdrawing group is not bonded to the carbon atom on which a

hydroxyl group is substituted, because the reaction efficiency with the crosslinking agent (C)
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is enhanced.
The repeating unit preferably has from one to three, more preferably one or two,
alcoholic hydroxyl groups per the repeating unit.

Such a repeating unit includes a repeating unit represented by formula (2) or (3):

Rx . Ry oy
(2)
o cl) (3)
R n

R

In formula (2), at least either one of Rx and R represents an alcoholic hydroxyl
group-containing structure.

In formula (3), at least one of two Rx's and R represents an alcoholic hydroxyl
group-containing structure. Two Rx's may be the same or different.

Examples of the alcoholic hydroxyl group-containing structure include a
hydroxyalkyl group (preferably having a carbon number of 2 to 8, more preferably from 2 to
4), a hydroxycycloalkyl group (preferably having a carbon number of 4 to 14), a hydroxyalkyl
group-substituted cycloalkyl group (preferably having a total carbon number of 5 to 20), a
hydroxyalkoxy group-substituted alkyl group (preferably having a total carbon number of 3 to
15), and a hydroxyalkoxy group-substituted cycloalkyl group (preferably having a total carbon
number of 5 to 20). As described above, a residue structure of a primary alcohol is preferred,
and a structure represented by -(CH,),-OH (n is an integer of 1 or more, preferably an integer
of 2 to 4) is more preferred.

Rx represents a hydrogen atom, a halogen atom, a hydroxyl group, an alkyl group
(preferably having a carbon number of 1 to 4) which may have a substituent, or a cycloalkyl
group (preferably having a carbon number of 5 to 12) which may have a substituent.
Preferred substituents which the alkyl group and cycloalkyl group of Rx may have include a
hydroxyl group and a halogen atom. The halogen atom of Rx includes a fluorine atom, a
chlorine atom, a bromine atom and an iodine atom. Rx is preferably a hydrogen atom, a
methyl group, a hydroxymethyl group, a hydroxyl group or a trifluoromethyl group, more
preferably a hydrogen atom or a methyl group.

R represents a hydrocarbon group which may have a hydroxyl group. The
hydrocarbon group of R is preferably a saturated hydrocarbon group and includes an alkyl

group (preferably having a carbon number of 1 to 8, more preferably from 2 to 4) and a
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monocyclic or polycyclic, cyclic hydrocarbon group (preferably having a carbon number of 3
to 20, for example, the later-described alicyclic group). n' represents an integer of 0 to 2.

The repeating unit (al) is preferably a repeating unit derived from an ester of an
acrylic acid, in which the a-position (for example, Rx in formula (2)) of the main chain may
be substituted, and is more preferably derived from a monomer having a structure
corresponding to formula (2). Also, it is preferred to contain an alicyclic group in the unit.
The alicyclic group includes monocyclic and polycyclic structures but in view of etching
resistance, a polycyclic structure is preferred.

Specific examples of the alicyclic structure include, as a monocyclic structure,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl; and as a polycyclic structure,
norbornyl, isobornyl, tricyclodecanyl, tetracyclododecanyl, hexacycloheptadecanyl, adamantyl,
diamantyl, spirodecanyl and spiroundecanyl. Among these structures, adamantyl, diamantyl
and norbornyl are preferred.

Examples of the repeating unit (al) are illustrated below, but the present invention is

not limited thereto. In specific examples, R* represents a hydrogen atom or a methyl group.

ké) [ ] & FaC, CF3 @\
H
HO H HO™ tF, Fac OH OH

The repeating unit having an alcoholic hydroxyl group, as the repeating unit (al),
may have a structure where at least one of the later-described repeating units (a2) to (a4) has

an alcoholic hydroxyl group. For example, in the (a4) repeating unit having an acid-
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decomposable group, the moiety capable of leaving by the action of an acid may have an
alcoholic hydroxyl group. It is expected that the crosslinking efficiency can be optimized by
containing such a repeating unit. Specific examples of such a structure include a structure
where in formula (AI) shown later, the moiety of atomic group -C(Rx;)(Rx;)(Rx3) has a
hydroxyl group, more specifically, a structure where in the later-described repeating unit
represented by formula (2-1), Ry is a hydroxyl group, a hydroxyl group-containing linear or
branched alkyl group, or a hydroxyl group-containing cycloalkyl group.
(a2) Repeating Unit Having Nonpolar Group

The resin (A) for use in the present invention preferably contains (a2) a repeating
unit having a nonpolar group. Thanks to this repeating unit, not only dissolving out of low
molecular components from the resist film into the immersion liquid at the immersion
exposure can be reduced but also the solubility of the resin at the development using an
~organic solvent-containing developer can be appropriately adjusted. The (a2) repeating unit
having a nonpolar group is preferably a repeating unit not containing a polar group (for
example, the above-described acid group, a hydroxyl group or a cyano group) in the repeating
unit and is preferably a repeating unit not having the later-described acid-decomposable group

and lactone structure. Such a repeating unit includes a repeating unit represented by formula

(4) or (5):

In the formulae, Rs represents a hydrocarbon group having neither a hydroxyl group
nor a ¢yano group.

Ra represents, when a plurality of Ra's are present, each independently represents, a
hydrogen atom, a hydroxyl group, a halogen atom or an alkyl group (preferably having a
carbon number of 1 to 4). The alkyl group of Ra may have a substituent, and the substituent
includes a hydroxyl group and a halogen atom. The halogen atom of Ra includes a fluorine
atom, a chlorine atom, a bromine atom and an iodine atom. Ra is preferably a hydrogen atom,
a methyl group, a trifluoromethyl group or a hydroxymethyl group, more preferably a
hydrogen atom or a methyl group.

n represents an integer of 0 to 2.
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Rs preferably contains at least one cyclic structure.

The hydrocarbon group in Rs includes, for example, a chain or branched
hydrocarbon group, a monocyclic hydrocarbon group and a polycyclic hydrocarbon group.
In view of dry etching resistance, Rs preferably contains a monocyclic hydrocarbon group or a
polycyclic hydrocarbon group, more preferably a polycyclic hydrocarbon group.

Rs is preferably a group represented by -Ls-A4-(R4)na. L4 represents a single bond
or a divalent hydrocarbon group and is preferably a single bond, an alkylene group (preferably
having a carbon number of 1 to 3) or a cycloalkylene group (preferably having a carbon
number of 5 to 7), more preferably a single bond. A4 represents an (n4+1)-valent
hydrocarbon group (preferably having a carbon number of 3 to 30, more preferably from 3 to
14, still more preferably from 6 to 12), preferably a monocyclic or polycyclic alicyclic
hydrocarbon group. n4 represents an integer of 0 to 5, preferably an integer of 0 to 3. Ry
represents a hydrocarbon group, preferably an alky group (preferably having a carbon number
of 1 to 3) or a cycloalkyl group (preferably having a carbon number of 5 to 7).

The chain or branched hydrocarbon group includes, for example, an alkyl group
having a carbon number of 3 to 12, and the monocyclic hydrocarbon group includes, for
example, a cycloalkyl group having a carbon number of 3 to 12, a cycloalkenyl group having a
carbon number of 3 to 12, and a phenyl group. The monocyclic hydrocarbon group is
preferably a monocyclic saturated hydrocarbon group having a carbon number of 3 to 7.

The polycyclic hydrocarbon group includes a ring assembly hydrocarbon group (e.g.,
bicyclohexyl group) and a crosslinked cyclic hydrocarbon group. The crosslinked cyclic
hydrocarbon group includes a bicyclic hydrocarbon group, a tricyclic hydrocarbon group, a
tetracyclic hydrocarbon group and the like. The crosslinked cyclic hydrocarbon group also
includes a condensed cyclic hydrocarbon group (for example, a group formed by fusing a
plurality of 5- to 8-membered cycloalkane rings). Preferred crosslinked cyclic hydrocarbon
groups are a norbornyl group and an adamantyl group.

These groups may further have a substituent, and preferred examples of the
substituent include a halogen atom and an alkyl group. The halogen atom is preferably
bromine atom, chlorine atom or fluorine atom, and the alkyl group is preferably a methyl
group, an ethyl group, a butyl group or a tert-butyl group. This alkyl group may further have
a substituent, and the substituent which the alkyl group may further have includes a halogen
atom and an alkyl group.

Specific examples of the repeating unit having a nonpolar group are illustrated
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below, but the present invention is not limited thereto. In the formulae, Ra represents a
hydrogen atom, a hydroxy! group, a halogen atom, or an alkyl group having a carbon number
of 1 to 4, which may have a substituent. Preferred substituents which the alkyl group of Ra
may have include a hydroxyl group and a halogen atom. The halogen atom of Ra includes a
fluorine atom, a chlorine atom, a bromine atom and an iodine atom. Ra is preferably a
hydrogen atom, a methyl group, a hydroxymethyl group or a trifluoromethyl group, more

preferably a hydrogen atom or a methyl group.

pd ﬁ‘
Af&oﬁ%}; ps Qﬁf&ﬂ’ Y “ii

: Af*b‘“
2 &% B2 géf

(a3) Repeating Unit Having Lactone Structure

The resin (A) may contain a repeating unit having a lactone structure.

Any lactone structure may be used, but a 5- to 7-membered ring lactone structure is
preferred, and a 5- to 7-membered ring lactone structure to which another ring structure is
fused to form a bicyclo or spiro structure is preferred. It is more preferred to contain a
repeating unit having a lactone structure represented by any of the following formulae (LC1-1)
to (LC1-17). The lactone structure may be bonded directly to the main chain. Among these
lactone structures, (LC1-1), (LC1-4), (LC1-5), (LC1-6), (LC1-13), (LC1-14) and (LC1-17) are
preferred. By virtue of using a specific lactone structure, LWR and development defect are

improved.
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The lactone structure moiety may or may not have a substituent (Rb,). Preferred
examples of the substituent (Rb,) include an alkyl group having a carbon number of 1 to 8, a
cycloalkyl group having a carbon number of 4 to 7, an alkoxy group having a carbon number
of 1 to 8, an alkoxycarbonyl group having a carbon number of 2 to 8, a carboxyl group, a
halogen atom, a hydroxyl group, a cyano group and an acid-decomposable group. Among
these, an alkyl group having a carbon number of 1 to 4, a cyano group and an acid-
decomposable group are more preferred. n, represents an integer of 0 to 4. When n; is an
integer of 2 or more, each substituent (Rb,) may be the same as or different from every other
substituents (Rb,), and also, the plurality of substituents (Rb,) may combine together to form a
ring.

The repeating unit having a lactone group usually has an optical isomer, but any
optical isomer may be used. One optical isomer may be used alone 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, more preferably 95% or more.

The repeating unit having a lactone structure is preferably a repeating unit

represented by the following formula (AII):



WO 2011/132764 PCT/JP2011/059890

17

Rbg

(All)
COO—Ab—V

In formula (AII), Rby represents a hydrogen atom, a halogen atom, or an alkyl group
having a carbon number of 1 to 4, which may have a substituent. Preferred substituents
which the alkyl group of Rby may have include a hydroxyl group and a halogen atom. The
halogen atom of Rby includes 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, more preferably a hydrogen atom or a methyl group.

Ab represents a single bond, an alkylene group, a divalent linking group having a
monocyclic or polycyclic aliphatic hydrocarbon ring structure, an ether group, an ester group,
a carbonyl group, or a divalent linking group formed by combining these, and is preferably a
single bond or a divalent linking group represented by -Ab;-CO»-.

Ab; represents a linear or branched alkylene group or a monocyclic or polycyclic
cycloalkylene group and is preferably a methylene group, an ethylene group, a cyclohexylene
group, an adamantylene group or a norbornylene group.

V represents a group having a lactone structure and specifically represents, for
example, a group having a structure represented by any of formulae (LC1-1) to (LC1-17).

Specific examples of the repeating unit having a lactone structure are illustrated

below, but the present invention is not limited thereto.
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(In the formulae, Rx represents H, CH3;, CH,OH or CF3.)
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(In the formulae, Rx represents H, CH3, CH,OH or CF3.)
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(In the formulae, Rx represents H, CH3;, CH,OH or CF3.)
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Particularly preferred repeating units having a lactone structure include the
following repeating units. By selecting an optimal lactone structure, the pattern profile and

the iso/dense bias are improved.

(In the formulae, Rx represents H, CH;, CH,OH or CF3.)

'(Cﬂzi ‘*CH} + 'bH2 .sz

¥ % 23 S;f@

Rx I Rx Rx F‘*X
CHz G- -CH; + CHC-  CH G- . CH e CHz Y-
OOMe
. N
O

It is preferred to contain a unit represented by the following formula (III) as the

lactone structure-containing repeating unit.

k\ﬁ o
——z)~R8

In formula (IIT), A represents an ester bond (a group represented by -COO-) or an
amido bond (a group represented by -CONH-).

Ry represents, when a plurality of Ry's are present, each independently represents, an
alkylene group, a cycloalkylene group or a combination thereof.

Z represents, when a plurality of Z's are present, each independently represents, an
ether bond, an ester bond, an amide bond, a urethane bond

o R 0
ol N— R,

(a group represented by

or a urea bond
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Q)
R I R
(a group represented by N N—),

wherein each R independently represents a hydrogen atom, an alkyl group, a cycloalkyl group
or an aryl group.

Rg represents a monovalent organic group having a lactone structure.

n is the repetition number of the structure represented by -Ro-Z- and represents an
integer of 1 to 5, preferably 1.

R; represents a hydrogen atom, a halogen atom or an alkyl group.

The alkylene group and cycloalkylene group of Ry may have a substituent.

Z is preferably an ether bond or an ester bond, more preferably an ester bond.

The alkyl group of R; is preferably an alkyl group having a carbon number of 1 to 4,
more preferably a methyl group or an ethyl group, still more preferably a methyl group.

The alkyl group in the alkylene group and cycloalkylene group of Ry and in R; may
be substituted, and examples of the substituent include a halogen atom such as fluorine atom,
chlorine atom and bromine atom, a mercapto group, a hydroxyl group, an alkoxy group such
as methoxy group, ethoxy group, isopropoxy group, tert-butoxy group and benzyloxy group,
and an acyloxy group such as acetyloxy group and propionyloxy group.

R; is preferably a hydrogen atom, a methyl group, a trifluoromethyl group or a
hydroxymethyl group. |

The chain alkylene group in Ry is preferably a chain alkylene group having a carbon
vnumber of 1 to 10, more preferably from 1 to 5, and examples thereof include a methylene
group, an ethylene group and a propylene group. The cycloalkylene group is preferably a
cycloalkylene group having a carbon number of 3 to 20, and examples thereof include a
cyclohexylene group, a cyclopentylene group, a norbornylene group and an adamantylene
group. For bringing out the effects of the present inventipn, a chain alkylene group is more
preferred, and a methylene group is still more preferred.

The lactone structure-containing monovalent organic grbup represented by Rg is not
limited as long as it has a lactone structure. Specific examples thereof include lactone
structures represented by formulae (LCI1-1) to (LC1-17) and among these, a structure
represented by (LC1-4) is preferred.  Also, structures where n; in (LC1-1) to (LC1-17) is an
integer of 2 or less are more preferred.

Rg is preferably a monovalent organic group having an unsubstituted lactone

structure, or a monovalent organic group having a lactone structure containing a methyl group,



WO 2011/132764 PCT/JP2011/059890

22

a cyano group or an alkoxycarbonyl group as the substituent, more preferably a monovalent
organic group having a lactone structure containing a cyano group as the substituent
(cyanolactone).

Specific examples of the repeating unit having a lactone structure-containing group
represented by formula (III) are illustrated below, but the present invention is not limited
thereto.

In specific examples, R represents a hydrogen atom, an alkyl group which may have
a substituent, or a halogen atom, preferably a hydrogen atom, a methyl group, a

hydroxymethyl group or an acetyloxymethyl group.

X i éf% % ;t
The lactone structure-containing repeating unit is more preferably a repeating unit

represented by the following formula (I1I-1):
R7

A X
TRO-—ZJN&E\(R% (111-1)
0
o

In formula (III-1), R4, A, Ry, Z and n have the same meanings as in formula (III).

Ry represents, when a plurality of Ro's are present, each independently represents, an
alkyl group, a cycloalkyl group, an alkoxycarbonyl group, a cyano group, a hydroxyl group or
an alkoxy group, and when a plurality of Ry's are present, two members thereof may combine
to form a ring.

X represents an alkylene group, an oxygen atom or a sulfur atom.

m is the number of substituents and represents an integer of 0 to 5. m is preferably
Oorl.

The alkyl group of Ry is preferably an alkyl group having a carbon number of 1 to 4,
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more preferably a methyl group or an ethyl group, and most preferably a methyl group. The

cycloalkyl group includes a cyclopropyl group, a cyclobutyl group, a cyclopentyl group and a
cyclohexyl group. Examples of the alkoxycarbonyl group include a methoxycarbonyl group,
an ethoxycarbonyl group, an n-butoxycarbonyl group and a tert-butoxycarbonyl group.
Examples of the alkoxy group include a methoxy group, an ethoxy group, a propoxy group, an
1sopropoxy group and a butoxy group. These groups may have a substituent, and the
substituent includes a hydroxy group, an alkoxy group such as methoxy group and ethoxy
group, a cyano group, and a halogen atom such as fluorine atom. Ry is preferably a methyl
group, a cyano group or an alkoxycarbonyl group, more preferably a cyano group.

Examples of the alkylene group of X include a methylene group and an ethylene
group. X is preferably an oxygen atom or a methylene group, more preferably a methylene
group.

When m is an integer of 1 or more, at least one Ry is preferably substituted on the o-
position or B-position, more preferably on the a-position, of the carbonyl group of lactone.

Specific examples of the repeating unit having a lactone structure-containing group
represented by formula (III-1) are illustrated below, but the present invention is not limited
thereto. In specific examples, R represents a hydrogen atom, an alkyl group which may have

a substituent, or a halogen atom, preferably a hydrogen atom, a methyl group, a

hydroxymethyl group or an acetoxymethyl group.
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Two or more kinds of lactone repeating units may be also used in combination for
raising the effects of the present invention. In the case of a combination use, it is also
preferred that out of formula (III), two or more kinds of lactone repeating units where n is 1
are selected and used in combination.

(a4) Repeating Unit Having Acid-Decomposable Group

The resin (A) may contain a repeating unit having a group capable of decomposing

by the action of an acid to produce a polar group (hereinafter sometimes referred to as an

"acid-decomposable group"), on either one or both of the main chain and the side chain of the
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resin. It is considered that when a polar group is produced in the resin (A), the affinity for an
organic solvent-containing developer is reduced and insolubilization or difficult solubilization
(negative conversion) is more accelerated. Also, by virtue of containing an acid-
decomposable unit, the line width roughness (LWR) performance is improved.

The acid-decomposable group preferably has a structure where a polar group is
protected with a group capable of decomposing and leaving by the action of an acid.

The polar group is not particularly limited as long as it is a group capable of being
insolubilized in an organic solvent-containing developer, but an acidic group (a group capable
of dissociating in an aqueous 2.38 mass% tetramethylammonium hydroxide solution which is
conventionally used as the developer for resist) such as carboxyl group, fluorinated alcohol
group (preferably hexafluoroisopropanol) and sulfonic acid group is preferred.

The group preferred as the acid-decomposable group is a group where a hydrogen
atom of the group above is substituted for by a group capable of leaving by the action of an
acid.

Examples of the group capable of leaving by the action of an acid include
-C(R36)(R37)(R33), -C(R36)(R37)(OR39) and -C(Ro1)(Ro2)(OR39).

In the formulae, each of Ri to Rjs independently represents an alkyl group, a
cycloalkyl group, an aryl group, an aralkyl group or an alkenyl group. R3¢ and R3; may
combine with each other to form a ring.

Each of R¢; and R¢; independently represents a hydrogen atom, an alkyl group, a
cycloalkyl group, an aryl group, an aralkyl group or an alkenyl group.

The acid-decomposable group is preferably a cumyl ester group, an enol ester group,
an acetal ester group, a tertiary alkyl ester group or the like, more preferably a tertiary alkyl
ester group.

The acid-decomposable group-containing repeating unit which can be contained in

the resin (A) is preferably a repeating unit represented by the following formula (Al):
Xa

)\ i
O O—‘-R

Rx 3

X2
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In formula (AI), Xa; represents a hydrogen atom, a methyl group which may have a
substituent, or a group represented by -CH,-Ro. Ry represents a hydroxyl group or a
monovalent organic group. Examples of the monovalent organic group include an alkyl
group having a carbon number of 5 or less and an acyl group having a carbon number of 5 or
less. Of these, an alkyl group having a carbon number of 3 or less is preferred, and a methyl
group is more preferred. Xa; is preferably a hydrogen atom, a methyl group, a
trifluoromethyl group or a hydroxymethyl group, more preferably a hydrogen atom, a methyl
group or a hydroxymethyl group.

T represents a single bond or a divalent linking group.

Each of Rx; to Rx; independently represents an alkyl group (linear or branched) or a
cycloalkyl group (monocyclic or polycyclic). ‘

Rx, and Rx3 may combine to form a cycloalkyl group (monocyclic or polycyclic).

Examples of the divalent linking group of T include an alkylene group, a -COO-Rt-
group, a -O-Rt- group, and a group formed by combining two or more thereof, and a linking
group having a total carbon number of 1 to 12 is preferred. In the formulae, Rt represents an
alkylene group or a cycloalkylene group.

T is preferably a single bond or a -COO-Rt- group. Rt is preferably an alkylene
group having a carbon number of 1 to 5, more preferably a -CH,- group, a -(CH,),- group or a
-(CHa)3- group. '

~ The alkyl group of Rx; to Rx; is preferably an alkyl group having a carbon number
of 1 to 4, such as methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group,
isobutyl group and tert-butyl group.

The cycloalkyl group of Rx; to Rx3 is preferably a monocyclic cycloalkyl group
such as cyclopentyl group and cyclohexyl group, or a polycyclic cycloalkyl group such as
norbornyl group, tetracyclodecanyl group, tetracyclododecanyl group and adamantyl group.

The cycloalkyl group formed by combining Rx, and Rx3 is preferably a monocyclic
cycloalkyl group such as cyclopentyl group and cyclohexyl group, or a polycyclic cycloalkyl
group such as norbornyl group, tetracyclodecanyl group, tetracyclododecanyl group and
adamantyl group. Above all, a monocyclic cycloalkyl group having a carbon number of 5 to
6 is preferred. '

An embodiment where Rx; is a methyl group or an ethyl group and Rx, and Rx3 are

combined to form the above-described cycloalkyl group is preferred.
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Each of the groups above may have a substituent, and examples of the substituent
include an alkyl group (having a carbon number of 1 to 4), a cycloalkyl group (having a
carbon number of 3 to 15), a halogen atom, a hydroxyl group, an alkoxy group (having a
carbon number of 1 to 4), a carboxyl group and an alkoxycarbonyl group (having a carbon
number of 2 to 6). The carbon number is preferably 8 or less.

Specific preferred examples of the repeating unit having an acid-decomposable
group are illustrated below, but the present invention is not limited thereto.

In specific examples, each of Rx and Xa, represents a hydrogen atom, CH3, CF3 or
CH,0H, and each of Rxa and Rxb represents an alkyl group having a carbon number of 1 to 4.
Z represents a substituent containing a polar group, and when a plurality of Z's are present,
each is independent from every others. p represents 0 or a positive integer. Specific
examples and preferred examples of Z are the same as specific examples and preferred

examples of R ;¢ in formula (2-1) described later.
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The resin (A) is more preferably a resin containing, as the repeating unit represented
by formula (AI), at least either a repeating unit represented by formula (1) or a repeating unit

represented by formula (2).

2 Rs R4
R Rg

In formulae (1) and (2), each of R; and R3 independently represents a hydrogen atom,
a methyl group which may have a substituent, or a group represented by -CH»-Rg. Ro
represents a hydroxyl group or a monovalent organic group.

Each of Ry, R4, Rs and R independently represents an alkyl group or a cycloalkyl
group.

R represents an atomic group necessary for forming an alicyclic structure together
with the carbon atom.

Each of R; and Rj is preferably a hydrogen atom, a methyl group, a trifluoromethyl
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group or a hydroxymethyl group. Specific examples and preferred examples of the
monovalent organic group in Ry are the same as those described for Ry in formula (AI).

The alkyl group in R, may be linear or branched and may have a substituent.

The cycloalkyl group in R, may be monocyclic or polycyclic and may have a
substituent.

R, is preferably an alkyl group, more preferably an alkyl group having a carbon
number of 1 to 10, still more preferably an alkyl group having a carbon number of 1 to 5, and
examples thereof include a methyl group and an ethyl group.

R represents an atomic group necessary for forming an alicyclic structure together
with the carbon atom. The alicyclic structure formed by R together with the carbon atom is
preferably a monocyclic alicyclic structure, and the carbon number thereof is preferably from
3 to 7, more preferably 5 or 6.

The alkyl group in R4, Rs and R¢ may be linear or branched and may have a
substituent. The alkyl group is preferably an alkyl group having a carbon number of 1 to 4,
such as methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl
group and tert-butyl group.

The cycloalkyl group in R4, R5 and R¢ may be monoéyclic or poiycyclic and may
have a substituent. The cycloalkyl group is preferably a monocyclic cycloalkyl group such as
cyclopentyl group and cyclohexyl group, or a polycyclic cycloalkyl group such as norbornyl
group, tetracyclodecanyl group, tetracyclododecanyl group and adamantyl group.

Examples of the repeating unit represented by formula (1) include a repeating unit
represented by the following formula (1-a). . In the formula, R; and R, have the same

meanings as those in formula (1).

Ri

The repeating unit represented by formula (2) is preferably a repeating unit

represented by the following formula (2-1):
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Rig i

In formula (2-1), R3 to Rs have the same meanings as those in formula (2).

Rio represents a polar group-containing substituent. In the case where a plurality of
Rj¢'s are present, each Rjyp may be the same as or different from every other Rjo. Examples
of the polar group-containing substituent include a hydroxyl group, a cyano group, an amino’
group, an alkylamide group, a sulfonamide group itself, and a linear or branched alkyl group
or cycloalkyl group having at least one of these groups. An alkyl group having a hydroxyl
group is preferred, and a branched alkyl group having a hydroxyl group is more preferred.
The branched alkyl group is preferably an isopropyl group.

p represents an integer of 0 to 15. p is preferably an integer of 0 to 2, more
preferably 0 or 1.

The resin (A) may contain a plurality of repeating units having an acid-
decomposable group.

The resin (A) is still more preferably a resin containing, as the repeating unit
represented by formula (Al), a repeating unit represented by formula (1) and a repeating unit
represented by formula (2). In another embodiment, the resin is preferably a resin containing,
as the repeating unit represented by formula (AI), at least two kinds of repeating units
represented by formula (1).

It is also possible that the resist composition of the present invention contains a
plurality of kinds of resins (A) and the acid-decomposable group-containing repeating units
contained in the plurality of resins (A) differ from each other. For example, a resin (A)
containing a repeating unit represented by formula (1) and a resin (A) containing a repeating
unit represented by formula (2) may be used in combination.

In the case where the resin (A) contains a plurality of acid-decomposable group-

containing repeating units or where a plurality of resins (A) have different acid-decomposable
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group-containing repeating units, preferred examples of the combination are illustrated below.

In the formulae below, each R independently represents a hydrogen atom or a methyl group.

[ reoore | (L& re ] [LB LR [ R, LR ]
& o ﬁ&*i 54 %@_\ %gﬁ%

! 1L I |

LR R.TR..ﬁ-’ .,.‘( R. ]
% | 5| 55 | %"5%
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%

In view of defocus latitude characteristics, it is also preferred that the resin (A) does
not contain (a4) a repeating unit having an acid-decomposable group.

The resin (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 standard developer, adherence to substrate, resist profile and
properties generally required of a resist, such as resoluﬁon, heat resistance and sensitivity.

Examples of such a repeating structural unit include, but are not limited to, repeating
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structural units corresponding to the monomers described below.

Thanks to these repeating units, the performance required of the resin for use in the
composition of the present invention, particularly

(1) solubility for coating solvent,

(2) film-forming property (glass transition temperature),

(3)  alkali developability, |

4) film loss (selection of hydrophilic, hydrophobic or alkali-soluble group),

(5) adherence of unexposed area to substrate,

6) dry etching resistance
and the like, can be subtly controlled.

Examples of the monomer include a compound having one addition-polymerizable
unsaturated bond selected from acrylic acid esters, methacrylic acid esters, acrylamides,
methacrylamides, allyl compounds, vinyl ethers and vinyl esters.

Other than these, an addition-polymerizable unsaturated compound copolymerizable
with the monomers corresponding to the above-described Qarious repeating structural units
may be copolymerized.

The resin (A) may be a resin obtained by mixing two or more kinds of resins and,
for example, a resin obtained ‘t;y mixing a resin containing the repeating unit (al) and a resin
containing the repeating unit (a2) may be used for the purpose of controlling the dry etching
resistance, suitability for standard developer, adberence to substrate, resist profile and
properties generally required of a resist, such as resolution, heat resistance and sensitivity.

It is also preferred to use a resin containing the repeating unit (a4) and a resin not
containing the repeating unit (a4) by mixing these resins.

In the case where the composition of the present invention is used for ArF exposure,
in view of transparency to ArF light, the resin (A) for use in the composition of the present
invention preferably has substantially no aromatic group (specifically, the ratio of an aromatic
group-containing repeating unit in the resin is preferably 5 mol% or less, more preferably 3
mol% or less, and ideally 0 mol%, that is, the resin does not have an aromatic group), and the
resin (A) preferably has a monocyclic or polycyclic alicyclic hydrocarbon structure.

Incidentally, in the case where the resin (A) contains the later-described
hydrophobic resin, the resin (A) preferably contains no fluorine atom and no silicon atom in
view of compatibility with the hydrophobic resin.

In the present invention, the content of each repeating unit is as follows. As for
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each repeating unit, a plurality of kinds may be contained and in the case of containing a
plurality of kinds of repeating units, the content below is their total amount.

The content of the (al) repeating unit having a crosslinking group (preferably a
repeating unit having an alcoholic hydroxyl group) is generally from 10 to 100 mol%,
preferably from 10 to 80 mol%, more preferably from 10 to 60 mol%, based on all repeating
units constituting the resin (A).

In the case of containing (a2) a repeating unit having a nonpolar group, the content
thereof is generally from 5 to 80 mol%, preferably from 5 to 60 mol%, based on all repeating
units constituting the resin (A).

In the case of containing (a3) a repeating unit having lactone, the content thereof is
preferably from 15 to 60 mol%, more preferably from 20 to 50 mol%, still more preferably
from 30 to 50 mol%, based on all repeating units in the resin.

In the case of containing (a4) a repeating unit having an acid-decomposable group,
the content thereof is preferably from 20 to 70 mol%, more preferably from 30 to 60 mol%,
based on all repeating units in the resin.

In the resin (A), the molar ratio of respective repeating units contained can be
appropriately set to control the dry etching resistance of resist, suitability for standard
developer, adherence to substrate, resist profile and performances generally required of a resist,
such as resolution, heat resistance and sensitivity.

In the case of irradiating the composition of the present invention with KrF excimer
laser light, electron beam, X-ray or high-energy beam at a wavelength of 50 nm or less (e.g.,
EUV), the resin (A) preferably further contains a hydroxystyrene-based repeating unit. It is
more preferred to contain a hydroxystyrene-based repeating unit, a hydroxystyrene-based
repeating unit protected by an acid-decomposable group, and an acid-decomposable repeating
unit such as tertiary alkyl (meth)acrylate.

Preferred examples of the hydroxystyrene-based repeating unit having an acid-
decomposable group include repeating units composed of a tert-butoxycarbonyloxystyrene, a
l-alkoxyethoxystyrene and a tertiary alkyl (meth)acrylate. Repeating units composed of a 2-
alkyl-2-adamantyl (meth)acrylate and a dialkyl(l;adamantyl)methyl (meth)acrylate are more
preferred.

The resin (A) can be synthesized by a conventional method (for example, radical
polymerization). Examples of the general synthesis method include a batch polymerization

method of dissolving monomer species and an initiator in a solvent and heating the solution,
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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 1 to
10 hours. A dropping polymerization method is preferred. 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 later-described
solvent capable of dissolving the composition of the present invention, such as propylene
glycol monomethyl ether acetate, propylene glycol monomethyl ether and cyclohexanone.
The polymerization is more preferably performed using the same solvent as the solvent used in
the photosensitive composition of the present invention. By the use of the same solvent,
production of particles during storage can be suppressed.

The polymerization feaction is preferably performed in an inert gas atmosphere such
as nitrogén or argon. As for the polymerization initiator, the polymerization is started using a
commercially available radical initiator (e.g., azo-based initiator, peroxide). 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 in parts, if desired. After the
completion of reaction, the reaction product is poured in a solvent, and the desired polymer is
collected by such a method as powder or solid recovery. The concentration at the reaction is
from 5 to 50 mass%, preferably from 10 to 30 mass%, and the reaction temperature is usually
from 10 to 150°C, preferably from 30 to 120°C, more preferably from 60 to 100°C.

After the completion of reaction, the reaction solution is allowed to cool to room
temperature and purified. The purification may be performed by a normal method, for
example, a liquid-liquid extraction method of combining water washing and an appropriate
solvent to remove residual monomers or oligomer components; a purification method in a
solution sate, such as ultrafiltration of removing by extraction only polymers having a
molecular weight not more than a specific value; a reprecipitation method of adding dropwise
the resin solution in a poor solvent to solidify the resin in the poor solvent and thereby remove
residual monomers and the like; and a purification method in a solid state, such as washing of
a resin slurry with a poor solvent after separation of the slurry by filtration. For example, the
resin is precipitated as a solid by contacting the reaction solution with a solvent in which the

resin is sparingly soluble or insoluble (poor solvent) and which is in a volumetric amount of
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10 times or less, preferably from 10 to 5 times, the reaction solution.

The solvent used at the operation of precipitation or reprecipitation from the
polymer solution (precipitation or reprecipitation solvent) may be sufficient if it is a poor
solvent for the polymer, and the solvent which can be used may be appropriately selected from
a hydrocarbon, a halogenated hydrocarbon, a nitro compound, an ether, a ketone, an ester, a
carbonate, an alcohol, a carboxylic acid, water, a mixed solvent containing such a solvent, and
the like, according to the kind of the polymer. Among these solvents, a solvent containing at
least an alcohol (particularly, methanol or the like) or water is preferred as the precipitation or
reprecipitation solvent.

The amount of the precipitation or reprecipitation solvent used may be appropriately
selected by taking into consideration the efficiency, yield and the like, but in general, the
amount used is from 100 to 10,000 parts by mass, preferably from 200 to 2,000 parts by mass,
more preferably from 300 to 1,000 parts by mass, per 100 parts by mass of the polymer
solution.

The temperature at the precipitation or reprecipitation may be appropriately selected
by taking into consideration the efficiency or operability but is usually on the order of 0 to
50°C, preferably in the vicinity of room temperature (for example, approximately from 20 to
35°C). The precipitation or reprecipitation operation may be perfdrmed using a commonly
employed mixing vessel such as stirring tank by a known method such as batch system and
continuous system.

The precipitated or reprecipitated polymer is usually subjected to commonly
employed solid-liquid separation such as filtration and centrifugation, then dried and used.
The filtration is performed using a solvent-resistant filter element preferably under pressure.
The drying is performed under atmospheric pressure or reduced pressure (preferably under
reduced pressure) at a temperature of approximately from 30 to 100°C, preferably on the order
of 30 to 50°C.

Incidentally, after the resin is once precipitated and separated, the resin may be again
dissolved in a solvent and then put into contact with a solvent in which tﬁe resin is sparingly
soluble or insoluble. That is, there may be used a method comprising, after the completion of
radical polymerization reaction, bringing the polymer into contact with a solvent in which the
polymer is sparingly soluble or insoluble, to precipitate a resin (step a), separating the resin
from the solution (step b), anew dissolving the resin in a solvent to prepare a resin solution A

(step c), bringing the resin solution A into contact with a solvent in which the resin is
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sparingly soluble or insoluble and which is in a volumetric amount of less than 10 times
(preferably 5 times or less) the resin solution A, to precipitate a resin solid (step d), and
separating the precipitated resin (step e).

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, yet
still more preferably from 3,000 to 12,000, in terms of polystyrene by the GPC method.
When the wéight average molecular weight is from 1,000 to 200,000, reduction in the heat
resistance and dry etching resistance can be avoided and at the same time, the film-forming
property can be prevented from deterioration due to impairment of developability or increase
in the viscosity.

The polydispersity (molecular weight distribution) is usually from 1.0 to 3.0,
preferably from 1.0 to 2.6, more preferably from 1.0 to 2.0, still more preferably from 1.4 to
1.9.  As the molecular weight distribution is smaller, the resolution and resist profile are more
excellent, the side wall of the resist pattern is smoother, and the roughness is more improved.

In the resist composition of the present invention, the blending amount of the resin
(A) in the entire composition is preferably from 65 to 97 mass%, more preferably from 78 to
95 mass%, still more preferably from 78 to 94 mass%, based on the entire solid content.

As for the resin (A) used in the present invention, one kind of a resin may be used or

a plurality of kinds of resins may be used in combination.

[2] (B) Nonionic Compound Capable of Generating Acid Upon Irradiation with Actinic Ray or
Radiation

The resist composition of the present invention contains a nonionic compound
capable of generating an acid upon irradiation with an actinic ray or radiation (hereinafter
sometimes referred to as a "compound (B)").

The compound (B) is not particularly limited as long as it is a nonionic acid
generator, and examples thereof include an iminosulfonate derivative, an oximesulfonate
derivative, a disulfone derivative and a diazosulfone derivative.

The compound (B) is preferably a compound represented by the following formula
(B1), which is an iminosulfonate derivative, or a compound represented by the following

formula (B2), which is an oximesulfonate derivative.
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In formulae (B1) and (B2), each of R1 and R2 independently represents an organic
group. ’

A represents an alkylene group, a cycloalkylene group, an alkenylene group, a
cycloalkenylene group or an arylene group.

Each of X and Y independently represents an alkyl group, a cycloalkyl group, an
aryl group, a cyano group or a nitro group, and X and Y may combine with each other to form
aring.

X or Y in a compound represented by formula (B2) may combine with X or Y in
another compound represented by formula (B2) through a linking group.

A, X, Y and the linking group above may further have a substituent, and examples
of the further substituent include an alkyl group (for example, having a carbon number of 1 to
15), a cycloalkyl group (for example, having a carbon number of 3 to 15), an aryl group (for
example, having a carbon number of 6 to 14), an alkoxy group (for example, having a carbon
number of 1 to 15), a halogen atom, a hydroxyl group, an alkylamide group (for example,
having a carbon number of 1 to 15), an alkylthio group (for example, having a carbon number
of 1 to 15), and an aryl thio group (for example, having a carbon number of 6 to 14).

The ring formed by combining X and Y may further have a substituent, and
examples of the further substituent include, in addition to those described as the substituent
which A, X, Y and the linking group may further have, an aryl(cyano)methylene group (for
example, having a carbon number of 8 to 15) and an alkylaryl(cyano)methylene group (for
example, having a carbon number of 9 to 20). It is also possible that the ring formed by
combining X and Y further has two substituents and these two substituents are combined with
each other to further form a ring. Such a further ring includes a saturated or unsaturated
hydrocarbon ring, and a saturated or unsaturated heterocyclic ring, and the ring is preferably a
5- or 6-membered ring.

The alkylene group of A is preferably an alkylene group having a carbon number of
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1 to 12, more preferably an alkylene group having a carbon number of 1 to 6. Specific
‘examples of the alkylene group as A include a methylene group, an ethylene group, a
propylene group, an isopropylene group, a butylene group and an isobutylene group.

The cycloalkylene group of A may have a monocyclic structure or a polycyclic
structure and is preferably a cycloalkenylene group having a carbon number of 3 to 12, more
preferably a cycloalkylene group having a carbon number of 5 to 10. Specific examples of
the cycloalkylene group as A include a cyclopentylene group, a cyclohexylene group, a
cycloheptylene group, a cyclooctylene group, a cyclododecylene group and an adamantylene
group.

The alkenylene group of A is preferably an alkenylene group having a carbon
number of 2 to 12, more preferably an alkenylene group having a carbon number of 2 to 6.
Specific examples of the alkenylene group as A include an ethynylene group, a propenylene
group and a butenylene group.

The cycloalkenylene group of A may have a monocyclic structure or a polycyclic
structure and is preferably a cycloalkenylene group having a carbon number of 3 to 12, more
preferably a cycloalkenylene group having a carbon number of 5 to 10. Specific examples of
the cycloalkenylene group as A include a cyclopropenylene group, a cyclohexenylene group, a
cyclooctenylene group, and a norbornylene group.

The arylene group of A is preferably an arylene group having a carbon number of 6
to 10. Specific examples of the arylene group as A include a phenylene group, a tolylene
group and a naphthylene group..

Incidentally, the cycloalkylene group and cycloalkenylene group as A may contain,
as a ring member, a heteroatom such as nitrogen atom, oxygen atom and sulfur atom.

The alkyl group as X and Y may be linear or branched and is preferably an alkyl
group having a carbon number of 1 to 15, more preferably an alkyl group having a carbon
number of 1 to 5. Specific examples of the alkyl group as X and Y include a methyl group,
an ethyl group, a propyl group, an n-butyl group, a sec-butyl group and a tert-butyl group.

The cycloalkyl group as X and Y may have a monocyclic structure or a polycyclic
structure and is preferably a cycloalkyl group having a carbon number of 3 to 15, more
preferably a cycloalkyl group having a carbon number of 3 to 10. Specific examples of the
cycloalkyl group as X and Y include a cyclopropyl group, a cyclobutyl group and a cyclohexyl
group.

The aryl group as X and Y is preferably an aryl group having a carbon number of 6
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to 15. Specific examples of the aryl group as X and Y include a phenyl group, a naphthyl
group and a fluorenyl group.

Examples of the ring which may be formed by combining X and Y include a
hydrocarbon ring and a heterocyclic ring. The ring which may be formed by combining X
and Y is preferably a 5- or 6-membered ring.

It is preferred that X is a fluoroalkyl group, a cyano group or a nitro group and Y is
an alkyl group or an aryl group, and it is more preferred that X is a fluoroalkyl group or a
cyano group and Y is an aryl group.

When X or Y in a compound represented by formula (B2) combines with X or Y in
another compound represented by formula (B2) through a linking group, examples of the
linking group include -COO-, -OCO-, -CO-, -O-, -S-, -SO-, -SO,-, an alkylene group, a
cycloalkylene group, an alkenylene group, and a group composed of a combination thereof.
The number of atoms constituting the linking group is preferably from 1 to 20.

- Specific preferred examples of the ring formed by combining X and Y include a
cyclohexane ring, a 1,2,3,4-tetrahydronaphthalene ring and a 2,5-dihydro-5-[(2-
methylphenyl)(cyano)methylene]thiophene ring.

In formulae (B1) and (B2), examples of the organic group of R1 and R2 include an
alkyl group and the later-described group represented by formula (I).

The alkyl group as R1 and R2 may be linear or branched and is preferably an alkyl
group having a carbon number of 1 to 15, more preferably an alkyl group having a carbon
number of 1to 5. Specific examples of the alkyl group as R include a methyl group, an ethyl
group, a propyl group, an n-butyl group, a sec-butyl group and a tert-butyl group.

The alkyl group as R1 and R2 may further have a substituent, and examples of the
further substituent include a cycloalkyl group (for example, having a carbon number of 3 to
15), an aryl group (for example, having a carbon number of 6 to 14), an alkoxy group (for
example, having a carbon number of 1 to 15), a halogen atom and a hydroxyl group, with a
fluorine atom being preferred.

The alkyl group as R1 and R2 is preferably a fluoroalkyl group (preferably having a
carbon number of 1 to 15, more preferably from 1 to 5). In this case, the sulfonic acid
generated in the exposed area is a strong acid and therefore, the sensitivity can be more
increased, as a result, not only EL and DOF can be more enhanced but also LWR and scum
defect can be more reduced.

The fluoroalkyl group as R1 and R2 is preferably a perfluoroalkyl group.
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The organic group of R1 and R2 is more preferably a group represented by the

following formula (I). The cyclic organic group represented by Cy in formula (I) is bulky
compared with a chain group and facilitates confinement of a sulfonic acid generated in the
exposed area to the exposed area, and the fear of diffusion of the acid into the unexposed area
to cause an unintended reaction can be more reduced, as a result, not only EL and DOF can be

more enhanced but also LWR and scum defect can be more reduced.

Ry

. \/c::) \“/ oy ()
R

In formula (I), each of R; and R, independently represents a hydrogen atom, a
fluorine atom and an alkyl group, and when a plurality of Ry's or Ry's are present, each R; or
R; may be the same as or different from every other R; or R;.

L; represents a divalent linking group and when a plurality of L,'s are present, each
L; may be the same as or different from every other L.

Cy represents a cyclic organic group.

X represents an integer of 0 to 20.

y represents an integer of 0 to 10.

* represents a bond to a sulfonyl group. _

The alkyl group in R; and R; may have a substituent (preferably fluorine atom) and
is preferably an alkyl groﬁp having a carbon number of 1 to 4, more preferably a
perfluoroalkyl group having a carbon number of 1 to 4. Specific examples of R; and R;
include CF3, CyFs, C3F7, C4Fy, CsFyy, CeF13, C7F s, CsF17, CH,CF3, CH,CH,CF;, CH,C,Fs,
CH,CH,C,Fs, CH,C;F5, CH,CH,C5F7, CH,C4Fg and CH,CH,C4F9, with CF3 being preferred.

Each of Ry and R; is preferably a fluorine atom or CF;.

L, is not particularly limited and includes, for example, -COO-, -OCO-, -CO-, -O-, -
S-, -SO-, -SO;-, an alkylene group, a cycloalkylene group and an alkenylene group, and the
number of atoms constituting L; is preferably from 1 to 20, more preferably from 1 to 3.
Among these, -COO-, -OCO-, -CO- and -O- are preferred, and -COO- and -OCO- are more
preferred.

The cyclic organic group of Cy is not particularly limited, and examples thereof
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include an alicyclic group, an aryl group and a heterocyclic group (including an aromatic
heterocyclic ring and a non-aromatic heterocyclic ring, such as tetrahydropyrane ring and
lactone ring structure).

The alicyclic group as Cy may be monocyclic or polycyclic and is preferably a
monocyclic cycloalkyl group such as cyclopentyl group, cyclohexyl group and cyclooctyl
group, or a polycyclic cycloalkyl group such as norbornyl group, norbornan-1-yl group,
tricyclodecanyl group, tetracyclodecanyl group, tetracyclododecanyl group and adamantyl
group. Above all, an alicyclic group having a bulky structure with a carbon number of 7 or
more, such as norbornyl group, tricyclodecanyl group, tetracyclodecanyl group,
tetracyclododecanyl group and adamantyl group, is preferred from the standpoint that the
diffusion in the film at the PEB (post-exposure baking) step can be suppressed and MEEF
(mask error enhancement factor) can be improved.

The aryl group as Cy includes a benzene ring, a naphthalene ring, a phenanthrene
ring and an anthracene ring. Among these, naphthalene having low absorbance is preferred
in view of absorbance at 193 nm.

- The heterocyclic group as Cy may have a monocyclic structure or a polycyclic
structure and includes, for example, those derived from a furan ring, a thiophene ring, a
benzofuran ring, a benzothiophene ring, a dibenzofuran ring, a dibenzothiophene ring, a
pyridine ring, a piperidine ring and a decahydroisoquinoline ring. In particular, those derived
from a furan ring, a thiophene ring, a pyridine ring, a piperidine ring and a
decahydroisoquinoline ring are preferred. |

The cyclic organic group also includes a lactone structure, and specific examples
thereof include lactone structures represented by formulae (LC1-1) to (LC1-17), which may be
contained in the resin (A).

The cyclic organic group may have a substituent, and examples of the substituent
include a halogen atom, an alkyl group (may be either linear or branched, preferably having a
carbon number of 1 to 12), a cycloalkyl group (may be any of monocyclic, polycyclic or
spirocyclic, preferably having a carbon number of 3 to 20), an aryl group (preferably having a
carbon number of 6 to 14), a hydroxy group, a cyano group, an alkoxy group, an ester bond, an
arrﬁde bond, a urethane bond, a ureido group, an ether bond, a thioether bond, a sulfonamide
bond, a sulfonic acid ester bond, and a group formed by combining two or more members
selected from these bonds and groups. Incidentally, the carbon constituting the cyclic

organic group (the carbon contributing to ring formation) may be carbonyl carbon.
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x 1s preferably from 0 to 12, more preferably from 0 to 4, still more preferably 0 or 1.

y 1s preferably from 0 to 8, more preferably from 0 to 4.

The group represented by formula (I) is more preferably a group represented by the
following formula (II) or (III):

/ (Rs)p
\Lz Cy (I * (1)
' z

In formula (II),

each Xf independently represents a fluorine atom or an alkyl group substituted with
at least one fluorine atom, '

each of R; and R4 independently represents a hydrogen atom or an alkyl group, and
when a plurality of Rs's or Ry's are present, each R3 or R4 may be the same as or different from
every other R3 or Ry, '

L, represents a divalent linking group and when a plurality of L,'s are present, each
L, may be the same as or different from every other L,

Cy represents a cyclic organic group,

X' represents an integer of 0 to 20,

y' represents an integer of 0 to 10, and

Z' represents an integer of 0 to 10,

provided that 1<x'+y'+Z'.

In formula (III),

Ar represents an aryl group and may have a substituent other than Rs,

R;s represents a group containing a hydrocarbon group, and

p represents an integer of 0 or more.

In formulae (II) and (III), * represents a bond to a sulfonyl group.

The group represented by formula (II) is described in detail below.

The alkyl group in the fluorine atom-substituted alkyl group of Xf is preferably an
alkyl group having a carbon number of 1 to 10, more preferably from 1 to 4. Also, the
fluorine atom-substituted alkyl group of Xf is preferably a perfluoroalkyl group.

Xf is preferably a fluorine atom or a perfluoroalkyl group having a carbon number

of 1 to 4. Specific examples of Xf include a fluorine atom, CF3, C;Fs, C3F7, C4Fg, CsEyy,
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CeF13, C7F15, CsF17, CH,CF;, CH,CH,CF3, CH,C,Fs, CH,CH,C,Fs, CH,C3F7, CH,CH,C5F,
CH,C4F9 and CH,CH,C4Fy, with a fluorine atom and CF3 being preferred. In particular, it is
preferred that both Xf's are a fluorine atom.

Examples of the alkyl group of R3 and Ry are the same as those of the alkyl group in
R;and R,.

X' is preferably an integer of 1 to 10, more preferably an integer of 1 to 5.

y' is preferably an integer of 0 to 4, more preferably 0.

z' is preferably an integer of 0 to 8, more preferably an integer of 0 to 4.

The divalent linking group of L, is not particularly limited and examples thereof are
the same as those of the linking group in L, (here, Z' represents the repetition number of L,).

Examples of the cyclic organic group of Cy are the same as those in formula (I).

The group represented by formula (I1I) is described in detail below.

In formula (III), the aryl group of Ar is preferably an aromatic ring having a carbon
number of 6 to 30.

Specific examples thereof 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, phenanthrene ring, an  anthracene ring, a
naphthacene ring, a pentacene ring, a chrysene ring, a triphenylene ring, an indene ring, a
fluorene ring, a triphenylene ring, a naphthacene ring, a biphenyl ring, a pyrrole ring, a furan
ring, a thiophene ring, an imidazole ring, an oxazole ring, a thiazole ring, a pyridine ring, a
pyrazine ring, a pyrimidine ring, a pyridazine ring, an indolizine ring, an indole ring, a
benzofuran ring, 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
1soquinoline 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, a benzene ring, a naphthalene ring
and an anthracene ring are preferred, and a benzene ring is more preferred.

Ar may have a substituent other than Rs, and examples of the substituent other than
Rs include a halogen atom (e.g., fluorine, chlorine, bromine, iodine), a hydroxyl group, a
cyano group, a nitro group and a carboxyl group. In the case of having two or more
substituents, at least two substituents may combine to form a ring.

Examples of Rs include an alkoxy group such as methoxy group, ethoxy group and

~ tert-butoxy group, an aryloxy group such as phenoxy group and p-tolyloxy group, an
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alkylthioxy group such as methylthioxy group, ethylthioxy group and tert-butylthioxy group,

an arylthioxy group such as phenylthioxy group and p-tolylthioxy group, an alkoxycarbonyl
group such as methoxycarbonyl group, butoxycarbonyl group and phenoxycarbonyl group, an
acetoxy group, a linear or branched alkyl group such as methyl group, ethyl group, propyl
group, butyl group, heptyl group, hexyl group, dodecyl group and 2-ethylhexyl group, an
alkenyl group such as vinyl group, propenyl group and hexenyl group, an acetylene group, an
alkynyl group such as propynyl group and hexynyl group, an aryl group such as phenyl group
and tolyl group, and an acyl group such as benzoyl group, acetyl group and tolyl group.

The hydrocarbon group in the hydrocarbon group-containing group, represented by
Rs includes, for example, an acyclic hydrocarbon group and a cyclic aliphatic group and is
preferably a group having a carbon number of 3 or more.

As for Rs, the carbon atom adjacent to Ar is preferably a tertiary or quaternary
carbon atom.

Examples of the acyclic hydrocarbon group as Rs include an isopropyl group, a tert-
butyl group, a tert-pentyl group, a neopentyl group, a s-butyl group an isobutyl group, an
isohexyl group, a 3,3-dimethylpentyl group and a 2-ethylhexyl group. The upper limit of the
carbon number of the alicyclic hydrocarbon group is preferably 12 or less, more preferably 10
or less.

Examples of the cyclic aliphatic group as Rs include a cycloalkyl group such as
cyclobutyl group, cyclopentyl group, cyclohexyl group, cycloheptyl group and cyclooctyl
group, 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 group, and a pinenyl group. These groups may have a substituent.
The upper limit of the carbon number of the cyclic aliphatic group is preferably 15 or less,
more preferably 12 or less.

In the case where the acyclic hydrocarbon group or cyclic aliphatic group has a
substituent, examples of the substituent include a halogen atom such as fluorine atom, chlorine
atom, bromine atom and iodine atom, an alkoxy group such as methoxy group, ethoxy group
and tert-butoxy group, an aryloxy group such as phenoxy group and p-tolyloxy group, an
alkylthioxy group such as methylthioxy group, ethylthioxy group and tert-butylthioxy group,
an arylthioxy group such as phenylthioxy group and p-tolylthioxy group, an alkoxycarbonyl
group such as methoxycarbonyl group, butoxycarbonyl group and phenoxycarbony! group, an

acetoxy group, a linear or branched alkyl group such as methyl group, ethyl group, propyl
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group, butyl group, heptyl group, hexyl group, dodecyl group and 2-ethylhexyl group, a cyclic
alkyl group such as cyclohexyl group, an alkenyl group such as vinyl group, propeny! group
and hexenyl group, an acetylene group, an alkynyl group such as propynyl group and hexynyl
group, an aryl group such as phenyl group and tolyl group, a hydroxy group, a carboxy group,
a sulfonic acid group, a carbonyl group, and a cYano group.
Specific examples of the cyclic or acyclic hydrocarbon group as Rs are illustrated

below. * indicates a bond to Ar.

Among these, the following structures are more preferred in view of suppressing
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acid diffusion.

Lk D00 00
O 00D

p represents an integer of 0 or more, and the upper limit thereof is not particularly
limited as long as it is a chemically possible number. From the standpoint of suppressing
acid diffusion, p is an integer of usually from 0 to 5, preferably from 1 to 4, more preferably 2
or 3, and most preferably 3.

In the light of suppressing acid diffusion, Rs is preferably substituted on the o-
position with respect to the sulfonic acid group of the aryl ring, and a structure where
substituted on two o-positions is more preferred.

In one embodiment, the group represented by formula (III) is a group represented by

the following formula (BII):

A Ry
(BII)

In the formula, A is the same as Rs in formula (III), and two A's may be the same or
different. Each of R; to R independéntly represents a hydrogen atom, a hydrocarbon group-
containing group, a halogen atom, a hydroxyl group, a cyano group or a nitro group.  Specific
examples of thé hydrocarbon group-containing group are the same as the groups exemplified
above. |

It is more preferred that the organic group represented by formula (I1I) or (III) is an

~organic group represented by formula (II) and x' is an integer of 1 to 10. According to such
an embodiment, the sulfonic acid generated in the exposed area is a strong acid and therefore,
the sensitivity can be more increased, as a result, not only EL and DOF can be more enhanced

but also LWR and scum defect can be more reduced.
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The compound (B) may be also a compound represented by the following formula
(B3), which is a disulfone derivative, or a compound represented by the following formula

(B4), which is a diazosulfone derivative.

e 28
el o
Ar1—802—802—Ar2 Ra1 ﬁ ﬁ Ra2
: O O
(B3) (B4)

In formula (B3), each of Ar; and Ar, independently represents an aryl group.
In formula (B4), each of Ra, to Ra, independently represents an alkyl group, a
_cycloalkyl group or an aryl group.
Examples of the aryl group as Ar;, Ar,, Ra) and Ra; include those described for the
aryl group as X and Y of formula (B2).
Examples of the alkyl group and cycloalkyl group as Ra; and Ra, include those
described for the alkyl group and cycloalkyl group as X and Y of formula (B2).
Ari, Arp, Ra; and Ra; may further have a substituent, and examples of the further
substituent include those described for the further substituent of X and Y in formula (B2).
The molecular weight of the compound (B) is preferably from 100 to 1,500, more
preferably from 200 to 1,000.
Specific examples of the compound (B) include, but are not limited to, the

compounds illustrated below.
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As for the compound (B), one kind of a compound may be used, or two or more
kinds of compounds may be used in combination.

The content of the compound (B) in the resist composition is preferably from 0.1 to
15 mass%, more preferably from 0.5 to 12 mass%, still more preferably from 1 to 10 mass%,
yet still more preferably from 2.5 to 7 mass%, based on the entire solid content of the resist
composition.

The compound (B) may be also used in combination with an acid generator
(hereinafter sometimes referred to as a "compound (B')") other than the compound (B).

The compound (B') is not particularly limited as long as it is a known compound, but

a compound represented by formula (ZI) or (ZII) is preferred.
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Raz 7 Ro0s—T—R0s
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In formula (ZI), each of Ryg1, Rze2 and Rygs independently represents an organic

+
R201=—5—Ra03 (z

group.

The number of carbons in the organic group as Rag;, Ry and Ryg; is generally from
1 to 30, preferably from 1 to 20.

Two members out of Ryg; to Ryg3 may combine to form a ring structure, and the ring
may contain an oxygen atom, a sulfur atom, an ester bond, an amide bond or a carbony! group.
Examples of the group formed by combining two members out of Ry to Ryes include an
alkylene group (e.g., butylene, pentylene).

7’ represents a non-nucleophilic anion (an anion having an extremely low ability of
causing a nucleophilic reaction).

Examples of Z" include a sulfonate anion (such as aliphatic sulfonate anion, aromatic
sulfonate anion and camphorsulfonate anion), a carboxylate anion (such as aliphatic
carboxylate anion, aromatic carboxylate anion and aralkylcarboxylate anion), a sulfonylimide
anion, a bis(alkylsulfonyl)imide anion and a tris(alkylsulfonyl)methide anion. ‘

The aliphatic moiety in the aliphatic sulfonate anion and aliphatic carboxylate anion
may be an alkyl group or a cycloalkyl group but is preferably a linear or branched alkyl group
having a carbon number of 1 to 30 or a cycloalkyl group having a carbon number of 3 to 30.

The aromatic group in the aromatic sulfonate anion and aromatic carboxylate anion
is preferably an aryl group having a carbon number of 6 to 14, and examples thereof include a
phenyl group, a tolyl group and a naphthyl group.

These alkyl, cycloalkyl and aryl groups may have a substituent. Specific examples
thereof include a nitro group, a halogen atom such as fluorine atom, a carboxyl group, a
hydroxyl group, an amino group, a cyano group, an alkoxy group (preferably having a carbon
number of 1 to 15), a cycloalkyl group (preferably having a carbon number of 3 to 15), an aryl
group (preferably having a carbon number of 6 to 14), an alkoxycarbonyl group (preferably
having a carbon number of 2 to 7), an acyl group (preferably having a carbon number of 2 to
12), an alkoxycarbonyloxy group (preferably having a carbon number of 2 to 7), an alkylthio
group (preferably having a carbon number of 1 to 15), an alkylsulfonyl group (preferably
having a carbon number of 1 to 15), an alkyliminosulfonyl group (preferably having a carbon

number of 2 to 15), an aryloxysulfonyl group (preferably having a carbon number of 6 to 20),
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an alkylaryloxysulfonyl group (preferably having a carbon number of 7 to 20), a

cycloalkylaryloxysulfonyl group (preferably having a carbon number of 10 to 20), an
alkyloxyalkyloxy group (preferably having a carbon number of 5 to 20), and a
cycloalkylalkyloxyalkyloxy group (preferably having a carbon number of 8 to 20). As for
the aryl group or ring structure in each group, examples of the substituent further include an
alkyl group (preferably having a carbon number of 1 to 15).

The aralkyl group in the aralkylcarboxylate anion is preferably an aralkyl group
having a carbon number of 6 to 12, and examples thereof include a benzyl group, a phenethyl
group, a naphthylmethyl group, a naphthylethyl group and a naphthylbutyl group.

Examples of the sulfonylimide anion include saccharin anion.

The alkyl group in the bis(alkylsulfonyl)imide anion and tris(alkylsulfonyl)methide
anion is preferably an alkyl group having a carbon number of 1 to 5, and examples of the
substituent of this alkyl group include a halogen atom, a halogen atom-substituted alkyl group,
an alkoxy group, an alkylthio group, an alkyloxysulfonyl group, an aryloxysulfonyl group, and
a cycloalkylaryloxysulfonyl group, with a fluorine atom and a fluorine atom-substituted alkyl
group being preferred.

Other examples of Z  include fluorinated phosphorus, fluorinated boron and
fluorinated antimony.

Z is preferably an aliphatic sulfonate anion substituted with a fluorine atom at least
at the a-position of the sﬁlfonic acid, an aromatic sulfonate anion substituted with a fluorine
atom or a fluorine atom-containing group, a bis(alkylsulfonyl)imide anion in which the alkyl
group 1s substituted with a fluorine atom, or a tris(alkylsulfonyl)methide anion in which the
alkyl group is substituted with a fluorine atom. The non-nucleophilic anion is more
preferably a perfluoroaliphatic sulfonate anion (more preferably having a carbon number of 4
to 8) or a fluorine atom-containing benzenesulfonate anion, still more preferably
nonafluorobutanesulfonate anion, perfluorooctanesulfonate anion,
pentaﬂuorobenzenesuifonate anion or 3,5-bis(trifluoromethyl)benzenesulfonate anion.

As regards the acid strength, the pKa of the acid generated is preferably -1 or less for
enhancing the sensitivity.

Examples of the organic group of Ryoi, Rap2 and Rygz include an aryl group
(preferably having a carbon number of 6 to 15), a linear or branched alkyl group (preferably
having a carbon number of 1 to 10), and a cycloalkyl group (preferably having a carbon

number of 3 to 15).
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At least one of Ry, Ragz and Ryg3 is preferably an aryl group, and it is more
preferred that those three members all are an aryl group. The aryl group may be, for example,
a phenyl group or a naphthyl group and may be also a heteroaryl group such as indole residue
structure and pyrrole residue structure. This aryl group may further have a substituent, and
examples of the substituent include, but are not limited to, a nitro group, a halogen atom such
as fluorine atom, a carboxyl group, a hydroxyl group, an amino group, a cyano group, an
alkoxy group (preferably having a carbon number of 1 to 15), a cycloalkyl group (preferably
having a carbon number of 3 to 15), an aryl group (preferably having a carbon number of 6 to
14), an alkoxycarbonyl group (preferably having a carbon number of 2 to 7), an acyl group
(preferably having a carbon number of 2 to 12), and an alkoxycarbonyloxy group (preferably
having a carbon number of 2 to 7).

Also, two members selected from Rjg;, R202 and Ryg3 may combine through a single
bond or a linking group. Examples of the linking group include, but are not limited to, an
alkylene group (preferably having a carbon number of 1 to 3), -O-, -S-, -CO-, and -SO,-.

Preferred structures where at least one of Ryg1, Ryp2 and Ryg3 is not an aryl group
include cation structures such as compounds described in paragraphs 0046 and 0047 of JP-A-
2004-233661 and paragraphs 0040 to 0046 of JP-A-2003-35948, compounds illustrated as
formulae (I-1) to (I-70) in U.S. Patent Application Publication No. 2003/0224288A1, and
compounds illustrated as formulae (IA-1) to (IA-54) and formulae (IB-1) to (IB-24) in U.S.
Patent Application Publication No. 2003/0077540A1.

In formula (ZII), each of Ryos and Rys independently represents an aryl group, an
alkyl group or a cycloalkyl group.

The aryl group, alkyl group and cycloalkyl group of Ry¢4 and Ryys are the same as
the aryl group, alkyl group and cycloalkyl group of Ryg; to Rygz in the compound (ZI).

The aryl group, alkyl group and cycloalkyl group of Ryps and Rjps may have a
substituent. Examples of the substituent include those of the substituent which the aryl group,
alkyl group and cycloalkyl group of Ryg; to Rz in the compound (ZI) may have.

7’ represents a non-nucleophilic anion, and examples thereof are the same as those
of the non-nucleophilic anion of Z in formula (ZI).

Among the compounds (B'), particularly preferred examples are illustrated below.
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The total amount of the acid generator (in the case of using an acid generator other
than the compound (B) in combination, including the amount of this acid generator) is
preferably from 0.1 to 20 mass%, more preferably from 0.5 to 17 mass%, still more preferably
from 1 to 12 mass%, yet still more preferably from 2.5 to 9 mass%, based on the entire solid
content of the resist composition.

In the case of using the compound (B) and the compound (B') in combination, the
amount of acid generators used is, in terms of the molar ratio (compound (B)/compound (B')),

usually from 99/1 to 20/80, preferably from 99/1 to 40/60, more preferably from 99/1 to 50/50.

[3] (C) Crosslinking Agent

In the present invention, a compound capable of crosslinking the resin (A) by the
action of an acid (hereinafter referred to as a "crosslinking agent") is used together with the
resin (A). Here, a known crosslinking agent can be effectively used.

The crosslinking agent (C) is a compound having a crosslinking group capable of
crosslinking the resin (A), and examples of the crosslinking group include a hydroxymethyl
group, an alkoxymethyl group, a vinyl ether group and an epoxy group. The crosslinking
agent (C) preferably has two or more of such crosslinking groups.

The crosslinking agent (C) is preferably a crosslinking agent composed of a
melamine-based compound, a urea-based compound, an alkylene urea-based compound or a
glycoluril-based compound.

Preferred examples of the crosslinking agent include a compound having an N-
hydroxymethyl group, an N-alkoxymethyl group or an N-acyloxymethyl group.

The compound having an N-hydroxymethyl group, an N-alkoxymethyl group or an
N-acyloxymethyl group is preferably a compound having two or more (more preferably from

two to eight) partial structures represented by the following formula (CLNM-1):

TN

N

n/

cycloalkyl group or an oxoalkyl group. The alkyl group of R"™! in formula (CLNM-1) is

NM1
/\O/R

(CLNM-1)

In formula (CLNM-1), R™! represents a hydrogen atom, an alkyl group, a

preferably a linear or branched alkyl group having a carbon number of 1 to 6, and the
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R s preferably a cycloalkyl group having a carbon number of 5 or 6.

cycloalkyl group of
The oxoalkyl group of R™! is preferably an oxoalkyl group having a carbon number of 3 to 6,
and examples thereof include a B-oxopropyl group, a B-oxobutyl group, a B-oxopentyl group
and a B-oxohexyl group.

More preferred embodiments of the compound having two or more partial structures
represeﬁted by formula (CLNM-1) include a urea-based crosslinking agent represented by the
following formula (CLNM-2), an alkylene urea-based crosslinking agent represented by the
following formuia (CLNM-3), a glycoluril-based crosslinking agent represented by the
following formula (CLNM-4) and a melamine-based crosslinking agent represented by the

following formula (CLNM-5).
O

NM1 N /u\ —NA N NM 1

RNM2 RNMZ

In formula (CLNM-2), each R™! independently has the same meaning as R™' in

formula (CLNM-1). |

» Each R™” independently represents a hydrogen atom, an alkyl group (preferably
having a carbon number of 1 to 6) or a cycloalkyl group (preferably having a carbon number
of 5to 6).

Specific examples of the urea-based crosslinking agent represented by formula
(CLNM-2) include  N,N-di(methoxymethyl)urea, = N,N-di(ethoxymethyl)urea, = N,N-
di(propoxymethyl)urea, N,N-di(isopropoxymethyl)jurea, N,N-di(butoxymethyl)urea, N,N-
di(tert-butoxymethyl)urea, N,N-di(éyclohexyloxymethyl)urea, N,N-
di(cyclopentyloxymethyl)urea, N,N-di(adamantyloxymethyl)urea and N,N-

di(norbornyloxymethyl)urea.

O
NM1
’LN ~o-R (CLNM-3)

RNM3/\G RNM3

In formula (CLNM-3), each RWM! independently has the same meaning as R™! in

formula (CLNM-1).

RNM'I

Each R™? independently represents a hydrogen atom, a hydroxyl group, a linear or
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branched alkyl group (preferably having a carbon number of 1 to 6), a cycloalkyl group

(preferably having a carbon number of 5 to 6), an oxoalkyl group (preferably having a carbon
number of 3 to 6), an alkoxy group (preferably having a carbon number of 1 to 6) or an
oxoalkoxy group (preferably having a carbon number of 1 to 6). -

G represents a single bond, an oxygen atom, a sulfur atom, an alkylene group
(preferably having a carbon number of 1 to 3) or a carbonyl group. Specific examples
thereof include a methylene group, an ethylene group, a propylene group, a 1-methylethylene
group, a hydroxymethylene group and a cyanomethylene group.

Specific examples of the alkylene urea-based crosslinking agent represented by
formula (CLNM-3) include N,N-di(methoxymethyl)-4,5-di(methoxymethyl)ethylene urea,
N,N-di(ethoxymethyl)-4,5-di(ethoxymethyl)ethylene =~ urea, = N,N-di(propoxymethyl)-4,5-
di(propoxymethyl)ethylene urea, N,N-di(isopropoxymethyl)-4,5-
di(isopropoxymethyl)ethylene urea, N,N-di(butoxymethyl)-4,5-di(butoxymethyl)ethylene urea,
N,N-di(tert-butoxymethyl)-4,5-di(tert-butoxymethyl)ethylene urea, N,N-
di(cyclohexyloxymethyl)-4,5-di(cyclohexyloxymethyl)ethylene urea, N,N-
di(cyclopentyloxymethyl)-4,5-di(cyclopentyloxymethyl)ethylene urea, N,N-
di(adamantyloxymethyl)-4,5-di{adamantyloxymethyl)ethylene urea and N,N-
di(norbornyloxymethyl)-4,5-di(norbornyloxymethyl)ethylene urea.

RNM1 NM1
JL

RNM4 ) <RNM4 (CLNM-4)

o-R

RNM’I/O O RNM1

In formula (CLNM-4), each R"™! independently has the same meaning as R"™! in
formula (CLNM-1).

Each R™* independently represents a hydrogen atom, a hydroxyl group, an alkyl
group, a cycloalkyl group or an alkoxy group.

Specific examples of the alkyl group (preferably having a carbon number of 1 to 6),
cycloalkyl group (preferably having a carbon number of 5 or 6) and alkoxy group (preferably

R™* include a methyl group, an ethyl group, a butyl

having a carbon number of 1 to 6) of
group, a cyclopentyl group, a cyclohexyl group, a methoxy group, an ethoxy group and a

butoxy group.
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Specific examples of the glycoluril-based crosslinking agent represented by formula
(CLNM-4) include N,N,N,N-tetra(methoxymethyl)glycoluril, N,N,N,N-
tetra(ethoxymethyl)glycoluril, N,N,N,N-tetra(propoxymethyl)glycoluril, N,N,N,N-

tetra(isopropoxymethyl)glycoluril, N,N,N,N-tetra(butoxymethyl)glycoluril, N,N,N,N-
tetra(tert-butoxymethyl)glycoluril, N,N,N ,N-tetra(cyclohexyloxymethyl)glycoluril, N,N,N,N-
tetra(cyclopentyloxymethyl)glycoluril, N,N,N,N-tetra(adamantyloxymethyl)glycoluril and
N,N,N,N-tetra(norbornyloxymethyl)glycoluril.

R NM5 R NM5

RNM1/O\/N TNYN O ~RgNM1 (CLNM-5)
N

N.

In formula (CLNM-5), each R™! independently has the same meaning as R™" in
formula (CLNM-1). |

Each R™ independently represents a hydrogen atom, an alkyl group, a cycloalkyl
group, an aryl group or an atomic group represented by the following formula (CLNM-5").

R™S represents a hydrogen atom, an alkyl group, a cycloalkyl group, an aryl group

or an atomic group represented by the following formula (CLNM-5").
RNM5

NM1 I
So- (cLNms) L{N O—gNM1  (CLNM-5")

In formula (CLNM-5"), R"™! has the same meaning as R™" in formula (CLNM-1). »

In formula (CLNM-5"), R™! has the same meaning as R"™! in formula (CLNM-1),
and R™ has the same meaning as R™™ in formula (CLNM-5).

Specific examples of the alkyl group (preferably having a carbon number of 1 to 6),
cycloalkyl group (preferably having a carbon number of 5 or 6) and aryl group (preferably

R™S include a methyl group, an ethyl group,

having a carbon number of 6 to 10) of R™?® and
a propyl group, an isopropyl group, a butyl group, an isobutyl group, a tert-butyl group, a
pentyl group, a cyclopentyl group, a hexyl group, a cyclohexyl group, a phenyl group and a
naphthyl group. '

Examples of the melamine-based crosslinking agent represented by formula
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(CLNM-5) include N,N,N,N,N,N-hexa(methoxymethyl)melamine, N,N,N,N,N,N-
hexa(ethoxymethyl)melamine, N,N,N,N,N ,N-hexa(propoxymethyl)melamine, N,N,N,N,N,N-
hexa(isopropoxymethyl)melamine, N,N,N,N,N,N-hexa(butoxymethyl)melamine,
N,N,N,N,N,N-hexa(tert-butoxymethyl)melamine, N,N,N,N,N,N-
hexa(cyclohexyloxymethyl)melamine, N,N,N,N,N,N-hexa(cyclopentyloxymethyl)melamine,
N,N,N,N,N,N-hexa(adamantyloxymethyl)melamine, N,N,N,N,N,N-
hexa(norbornyloxymethyl)melamine, = N,N,N,N,N,N-hexa(methoxymethyl)acetoguanamine,
NLNLNLN,N,N-hexa(ethoxymethyl)acetoguanamine, N,N,N,N,N,N-
hexa(propoxymethyl)acetoguanamine, N,N,N,N,N,N-hexa(isopropoxymethyl)acetoguanamine,
N,N,N,N,N,N-hexa(butoxymethyl)acetoguanamine, N,N,N,N,N,N-hexa(tert-
butoxymethyl)acetoguanamine, NLNL,NLN, N, N-hexa(methoxymethyl)benzoguanamine,
N,N,N,N,N,N-hexa(ethoxymethyl)benzoguanamine, N,N,N,N,N,N-
hexa(propoxymethyl)benzoguanamine, N,N,N,N,N,N-
hexa(isopropoxymethyl)benzoguanamine, N,N,N,N,N ,N-hexa(butoxymethyl)benzoguanamine
and N,N,N,N,N,N-hexa(tert-butoxymethyl)benzoguanamine.

The groups represented by R™! to R"™¢ in formulae (CLNM-1) to (CLNM-5) may
further have a substituent. Examples of the substituent which R™! to R™® may have
include a halogen atom, a hydroxyl group, a nitro group, a cyano group, a carboxyl group, a
cycloalkyl group (preferably having a carbon number of 3 to 20), an aryl group (preferably
having a carbon number of 6 to 14), an alkoxy group (preferably having a carbon number of 1
to 20), a cycloalkoxy group (preferably having a carbon number of 4 to 20), an acyl group
(preferably having a carbon number of 2 to 20) and an acyloxy group (preferably having a
carbon number of 2 to 20).

The crosslinking agent (C) may be a phenol compound having a benzene ring in the
molecule.

The phenol compound is preferably a phenol derivative having a molecular weight
of 1,200 or less, containing from three to five benzene rings in the molecule and further having
two or more hydroxymethyl groups or alkoxymethyl groups in total, where the hydroxymethyl
groups or alkoxymethyl groups are bonded in a concentrated manner to at least any one
benzene ring or distributed among the benzene rings. By using such a phenol derivative, the
effects of the present invention can be more remarkably brought out. The alkoxymethyl
group bonded to the benzene ring is preferably an alkoxymethyl group having a carbon

number of 6 or less. Specifically, a methoxymethyl group, an ethoxymethyl group, an n-
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propoxymethyl group, an i-propoxymethyl group, an n-butoxymethyl group, an i-
butoxymethy! group, a sec-butoxymethyl group, or a tert-butoxymethyl group is preferred.
An alkoxy-substituted alkoxy group such as 2-methoxyethoxy group and 2-methoxy-1-propyl
group is also preferred.

The‘phenol compound is more preferably a phenol compound containing two or
more benzene rings in the molecule and is preferably a phenol compound containing no
nitrogen atom.

Specifically, a phenol compound having from two to eight crosslinking groups
capable of crosslinking the resin (A) per molecule is preferred, and it is more preferred to have
from three to six crosslinking groups.

Out of these phenol derivatives, particularly preferred compounds are illustrated
below. In the formulae, each of L! to L% which may be the same or different, represents a

crosslinking group, and the crosslinking group is preferably a hydroxymethyl group, a

methoxymethyl group or an ethoxymethyl group.

L ‘ ‘ ‘ ‘ Lt
HO HO OH OH
L2 L3

OH
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As for the phenol compound, a commercially available product may be used, or the
compound may be synthesized by a known method. For example, a phenol derivative having
a hydroxymethyl group can be obtained by reacting a phenol compound having no
corresponding hydroxymethyl group (a compound where in the formulae above, each of L' to
Lisa hydrogen atom) with formaldehyde in the presence of a base catalyst. At this time, in
order to prevent resinification or gelling, the reaction is preferably performed at a temperature
of 60°C or less. Specifically, the compound can be synthesized by the method described, for
example, in JP-A-6-282067 and JP-A-7-64285.

A phenol derivative having an alkoxymethyl group can be obtained by reacting a
phenol derivative having a corresponding hydroxymethyl group with an alcohol in the
presence of an acid catalyst. At this time, in order to prevent resinification or gelling, the
reaction is preferably performed at a temperature of 100°C or less. Specifically, the
compound can be synthesized by the method described, for example, in EP632003A1. The
thus-synthesized phenol derivative having a hydroxymethy! group or an alkoxymethyl group is

preferred in view of stability during storage, and a phenol derivative having an alkoxymethyl
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group is particularly preferred in view of stability during storage. As for such a phenol
derivative having two or more hydroxymethyl groups or alkoxymethyl groups in total which
are bonded in a concentrated manner to any one benzene ring or distributed among the
benzene rings, one kind of a phenol derivative may be used alone, or two or more kinds may
be used in combination.

The cro.sslinking agent (C) may be an epoxy compound having an epoxy group in
the molecule.

The epoxy compound includes a compound represented by the following formula
(EP2).

REP1

REP? o ' QEP (EP2)
R

nEP

In formula (EP2), each of R™! to R* independently represents a hydrogen atom, a
halogen atom, an alkyl group or a cycloalkyl group, and these alkyl group and cycloalkyl
group may have a substituent. Also, RE*! and R¥%, or R¥"? and R* may combine with each
other to form a ring structure. ]

Examples of the substituent which the alkyl group and cycloalkyl group may have
include a hydroxyl group, a cyano group, an alkoxy group, an alkylcarbonyl group, an
alkoxycarbonyl group, an alkylcarbonyloxy group, an alkylthio group, an alkylsulfone group,
an alkylsulfonyl group, an alkylamino group and an alkylamide group.

QFF represents a single bond or an nF-valent organic group. R to R¥" may
| combine not only with each other but also with QF” to form a ring structure.

n** represents an integer of 2 or more and is preferably an integer of 2 to 10, more
preferably from 2 to 6.  However, when QFF is a single bond, n* is 2.

In the case where Q" is an n""-valent organic group, for example, a chain or cyclic
saturated hydrocarbon structure (preferably having a carbon number of 2 to 20), an aromatic
ring structure (preferably having a carbon number of 6 to 30), or a structure where these
structures are linked by a structure such as ether, ester, amide and sulfonamide, is preferred.

Specific examples of the compound having an epoxy structure are illustrated below,

but the present invention is not limited thereto.
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In the present invention, one crosslinking agent may be used alone, or two or more
crosslinking agents may be used in combination.
- The content of the crosslinking agent in the resist composition is preferably from 3
to 15 mass%, more preferably from 4 to 12 mass%, still more preferably form 5 to 10 mass%,

based on the entire solid content of the resist composition.
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[4] (D) Solvent

Examples of the solvent which can be used at the time of preparing the resist
composition of the present invention include an organic solvent such as alkylene glycol
monoalkyl ether carboxylate, alkylene glycol monoalkyl ether, alkyl lactate, alkyl
alkoxypropionate, cyclic lactone (preferably having a carbon number of 4 to 10), monoketone
compound (preferably having a carbon number of 4 to 10) which may contain a ring, alkylene
carbonate, alkyl alkoxyacetate and alkyl pyruvate.

Specific examples of these solvents include those described in paragraphs [0441] to
[0455] of U.S. Patent Application Publication 2008/0187860.

In the present invention, a mixed solvent prepared by mixing a solvent containing a
hydroxyl group in the structure and a solvent not containing a hydroxyl group may be used as
the organic solvent.

The solvent containing a hydroxyl group and the solvent not containing a hydroxyl
group may be appropriately selected from the compounds exemplified above, but the solvent
containing a hydroxyl group is preferably an alkylene glycol monoalkyl ether, an alkyl lactate
or the like, more preferably propylene glycol monomethyl ether (PGME, another name: 1-
methoxy-2-propanol) or ethyl lactate. The solvent not containing a hydroxyl group is
preferably an alkylene glycol monoalkyl ether acetate, an alkyl alkoxypropionate, a
monoketone compound which may contain a ring, a cyclic lactone, an alkyl acetate or the like,
more preferably propylene glycol monomethyl ether acetate (PGMEA, another name: 1-
methoxy-2-acetoxypropane), ethyl-3-ethoxy propionate (EEP), 2-heptanone, y-butyrolactone,
cyclohexanone or butyl acetate, and most preferably propylene glycol monomethyl ether
acetate, ethyl ethoxypropionate or 2-heptanone.

The mixing ratio (by mass) of the solvent containing a hydroxyl group to the solvent
not containing a hydroxyl group is from 1/99 to 99/1, preferably from 10/90 to 90/10, more
preferably from 20/80 to 60/40. A mixed solvent in which the solvent not containing a
hydroxyl group accounts for 50 mass% or more is particularly preferred in view of coating
uniformity.

The solvent preferably contains propylene glycol monomethyl ether acetate and is
preferably a solvent containing propylene glycol monomethyl ether acetate alone or a mixed
solvent of two or more kinds of solvents containing propylene glycol monomethyl ether

acetate.
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[5] (E) Hydrophobic Resin

The resist composition of the present invention may contain a hydrophobic resin
having at least either a fluorine atom or a silicon atom (hereinafter sometimes referred to as a
"hydrophobic resin (E)" or simply as a "resin (E)") particularly when the resist composition is
applied to immersion exposure. The hydrophobic resin (E) is unevenly distributed to the film
surface layer and when the immersion medium is water, the static/dynamic contact angle on
the resist film surface for water as well as the followability of immersion liquid can be
enhanced.

The hydrophobic resin (E) is, as described above, unevenly distributed to the
interface but unlike a surfactant, need not have necessarily a hydrophilic group in the molecule
and may not contribute to uniform mixing of polar/nonpolar substances.

The hydrophobic resin typically contains a fluorine atom and/or a silicon atom.
The fluorine atom and/or silicon atom in the hydrophobic resin (E) may be contained in the
main chain of the resin or contained in the side chain.

In the case where the hydrophobic resin (E) contains a fluorine atom, the resin
preferably contains, as a fluorine atom-containing partial structure, a fluorine atom-containing
alkyl group, a fluorine atom-containing cycloalkyl group or a fluorine atom-containing aryl
group.

The fluorine atom-containing alkyl group (preferably having a carbon number of 1
to 10, more preferably from 1 to 4) is a linear or branched alkyl group with at least one
hydrogen atom being substituted for by a fluorine atom and may further have a substituent
other than the fluorine atom.

The fluorine atom-containing cycloalkyl group is a monocyclic or polycyclic
cycloalkyl group with at least one hydrogen atom being substituted for by a fluorine atom and
may further have a substituent other than the fluorine atom.

The fluorine atom-containing aryl group is an aryl group (e.g., phenyl, naphthyl)
with at least one hydrogen atom being substituted for by a fluorine atom and may further have
a substituent other than the fluorine atom.

Preferred examples of the fluorine atom-containing alkyl group, fluorine atom-
containing cycloalkyl group and fluorine atom-containing aryl group include the groups |
represented by the following formulae (F2) to (F4), but the present invention is not limited

thereto.
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Re1 Reo Res Res—TRer

o
Rs7 Rse Rz Res
(F2) (F3) (F4)

In formulae (F2) to (F4), each of Rs; to Reg independently represents a hydrogen
atom, a fluorine atom or an alkyl group (linear or branched). However, each of at least one
of Rs7 to R, at least one of Rg; to Res, and at least one of Rgs to Rgg independently represents
a fluorine atom or an alkyl group (preferably having a carbon number of 1 to 4) with at least
one hydrogen atom being substituted for by a fluorine atom.

It is preferred that all of Rs; to Rg; and Rgs to Rey are a fluorine atom.  Each of Ry,
Re3 and Rgg is preferably an alkyl group (preferably having a carbon number of 1 to 4) with at
least one hydrogen atom being substituted for by a fluorine atom, more preferably a
perfluoroalkyl group having a carbon number of 1 to 4. R, and Rg3 may combine with each
other to form a ring.

Specific examples of the group represented by formula (F2) include p-fluorophenyl
group, pentafluorophenyl group and 3,5-di(trifluoromethyl)phenyl group.

Specific examples of the group represented by formula (F3) include trifluoromethyl
group, pentafluoropropyl group, pentafluoroethyl group, heptafluorobutyl group,
hexafluoroisopropyl group, heptafluoroisopropyl group, hexafluoro(2-methyl)isopropyl group,
nonafluorobutyl group, octafluoroisobutyl group, nonafluorohexyl group, nonafluoro-tert-
butyl group, perfluoroisopentyl group, perfluorooctyl group, perfluoro(trimethyl)hexyl group,
2,2,3,3-tetrafluorocyclobutyl group and perfluorocyclohexyl group. Among these,
hexafluoroisopropyl group, heptafluoroisopropyl group, hexafluoro(2-methyl)isopropyl group,
octafluoroisobutyl group, nonafluoro-tert-butyl group and perfluoroisopentyl group are
preferred, and hexafluoroisopropyl group and heptafluoroisopropyl group are more preferred.

Specific examples of the group represented by formula (F4) include -C(CF3),OH, -
C(C,F5),0H, -C(CF3)(CH3)OH and -CH(CF3)OH, with -C(CF3),0H being preferred.

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, a thioether bond, a carbonyl group, an
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ester bond, an amide bond, a urethane bond and a ureylene bond, or a group formed by
combining two or more of these groups and bonds.

As the repeating unit having a fluorine atom, those shown below are preferred.

1M

Rig R
| .
JTCHQ—E:% JVCHQ—C% JVCHQ—QH% ‘GCHQ—(IZH}*
PR CH, 0
o |

© ! - | Vl\l W
W3 \\ 5 &l
W,
(C—1a) (C—1Db) (C—1¢) (Cc—14d)

In the formulae, each of Ry and Ry; independently represents a hydrogen atom, a
fluorine atom or an alkyl group. The alkyl group is preferably a linear or branched alkyl
group having a carbon number of 1 to 4 and may have a substituent, and the alkyl group
having a substituent includes, in particular, a fluorinated alkyl group.

Each of W3 to W independently represents an organic group having at least one or
more fluorine atoms and specifically includes the atomic groups of (F2) to (F4).
Other than these, the hydrophobic resin (E) may contain a unit shown below as the

repeating unit having a fluorine atom.

R, Rg
e—¢ Q
AN CA
, vlv 2
(C-1D) (C-1I)

In the formulae, each of R4 to R; independently represents a hydrogen atom, a
fluorine atom or an alkyl group. The alkyl group is preferably a linear or branched alkyl
group having a carbon number of 1 to 4 and may have a substituent, and the alkyl group
having a substituent includes, in particular, a fluorinated alkyl group.

However, at least one of R4 to R7 represents a fluorine atom. R4 and Rs, or Rg and
R7 may form a ring.

W, represents an organic group having at least one fluorine atom and specifically
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includes the atomic groups of (F2) to (F4).

L, represents a single bond or a divalent linking group. The divalent linking group
is a substituted or unsubstituted arylene group, a substituted or unsubstituted alkylene group, a
éubstituted or unsubstituted cycloalkylene group, -O-, -SO,-, -CO-, -N(R)- (wherein R
represents a hydrogen atom or an alkyl group), -NHSO,-, or a divalent linking group formed
by combining a plurality of these groups.

Q represents an alicyclic structure. The alicyclic structure may have a substituent
and may be monocyclic or polycyclic, and in the case of a polycyclic structure, the structure
may be a crosslinked structure. The monocyclic structure is preferably a cycloalkyl group
| having a carbon number of 3 to 8, and examples thereof include a cyclopentyl group, a
cyclohexyl group, a cyclobutyl group and a cyclooctyl group. Examples of the polycyclic
structure include a group containing a bicyclo, tricyclo or tetracyclo structure having a carbon
number of 5 or more. A cycloalkyl group having a carbon number of 6 to 20 is preferred,
and examples thereof include an adamantyl group, a norbornyl group, a dicyclopentyl group, a
tricyclodecanyl group and a tetracyclododecyl group. A part of carbon atoms in the
cycloalkyl group may be substituted with a heteroatom such as oxygen atom. In particular, Q
is preferably a norbornyl group, a tricyclodecanyl group, a tetracyclododecyl group or the like.

Specific examples of the repeating unit containing a fluorine atom are illustrated
below, but the present invention is not limited thereto.

In specific examples, X, represents a hydrogen atom, -CHj, -F or -CF3, and X,

represents -F or -CF3.
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The hydrophobic resin (E) may contain a silicon atom. The resin preferably has, as
a silicon atom-containing partial structure, an alkylsilyl structure (preferably a .trialkylsilyl
group) or a cyclic siloxane structure.

The alkylsilyl structure and cyclic siloxane structure specifically include, for

example, the groups represented by the following formulae (CS-1) to (CS-3):

| | sl'-5 o R
L, _Si—Q=Si
y Ris~4, Raz~gi= 570 |
R12—=Si=R14 o} ‘c') Cl)q | “R2{0
23
Ris Rie—Si{ . Si-Ryg ; oz,
; \ Heyp R
R47 R1g Si—O0—-8i
n R \
% Ras
(Cs-1) (Cs-2) (Cs-3)

In formulae (CS-1) to (CS-3), each of R;, to Ry independently represents a linear or
branched alkyl group (preferably having a carbon number of 1 to 20) or a cycloalkyl group
(preferably having a carbon number of 3 to 20).

Each of L3 to Ls represents a single bond or a divalent linking group. The divalent
linking group is a sole group or a combination of two or more groups (the total carbon number
is preferably 12 or less), 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 urea bond.

n represents an integer of 1 to 5. n is preferably an integer of 2 to 4.
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Specific examples of the repeating unit having a group represented by formulae (CS-
1) to (CS-3) are illustrated below, but the present invention is not limited thereto. In specific

examples, X, represents a hydrogen atom, -CHj, -F or -CFs.
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R=CHa, C;Hs, C3Hy, C4Hg
The hydrophobic resin (E) may further contain at least one group selected from the
group consisting of the following (x) to (z):
(x) an acid group,
) a lactone structure-containing group, an acid anhydride group, or an acid
imide group, and

(z) a group capable of decomposing by the action of an acid.
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Examples of the (x) acid group include a phenolic hydroxyl group, a carboxylic acid
group, a fluorinated alcohol group, a sulfonic acid group, a sulfonamide group, a
sulfonylimide group, an  (alkylsulfonyl)(alkylcarbonyl)methylene  group, an
(alkylsulfonyl)(alkylcarbonyl)imide group, a bis(alkylcarbonyl)methylene group, a
bis(alkylcarbonyl)imide group, a bis(alkylsulfonyl)methylene group, a bis(alkylsulfonyl)imide
group, a tris(alkylcarbonyl)methylene group and a tris(alkylsulfonyl)methylene group.

Preferred acid groups include a fluorinated alcohol group (preferably
hexafluoroisopropanol group), a sulfonimide group and a bis(carbonyl)methylene group.

Examples of the repeating unit having (x) an acid group include a repeating unit
where an acid group is directly bonded to the main chain of the resin, such as repeating unit by
an acrylic acid or a methacrylic acid, and a repeating unit where an acid group is bonded to the
main chain of the resin through a linking group. Furthermore, an acid group may be
introduced into the terminal of the polymer chain by using an acid group-containing
polymerization initiator or chain transfer agent at the polymerization. All of these cases are
preferred. The repeating unit having (x) an acid group may have at least either a fluorine
atom or a silicon atom.

The content of the repeating unit having (x) an acid group is preferably from 1 to 50
mol%, more preferably from 3 to 35 mol%, still more preferably from 5 to 20 mol%, based on
all repeating units in the hydrophobic resin (E).

Specific examples of the repeating unit having (x) an acid group are illustrated
below, but the present invention is not limited thereto. In the formulae, Rx represents a

hydrogen atom, CH3, CF; or CH,OH.
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The (y) lactone structure-containing group, acid anhydride group or acid imide
group is preferably a lactone structure-containing group.

The repeating unit having such a group is a repeating unit where the group is directly
bonded to the main chain of the resin, such as repeating unit by an acrylic acid ester or a
methacrylic acid ester. This repeating unit may be also a repeating unit where the group is
bonded to the main chain of the resin through a linking group. Alternatively, in this
repeating unit, the group may be introduced into the terminal of the resin by using a
polymerization initiator or chain transfer agent containing the group at the polymerization.

Examples of the repeating unit having a lactone structure-containing group are the
same as those of the repeating unit having a lactone structure described above in the paragraph
of the (A) acid-decomposable resin.

The lactone structure-containing group is preferably a group having a partial
structure represented by the following formula (KA-1). By virtue of having this structure,
enhancement of, for example, the receding contact angle of the immersion liquid is expected.

J’ *

-
» .
’

KA1) s

In formula (KA-1), Zxa represents an alkyl group, a cycloalkyl group, an ether
group, a hydroxy group, an amide group, an aryl group, a lactone ring group or an electron-
withdrawing group. In the case where nka is 2 or more, each Zy, may be the same as or
different from every other Zy,; and the plurality of Zy,'s may combine with each other to form

aring. Examples of the ring include a cycloalkyl ring and a heterocyclic ring such as cyclic
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ether ring and lactone ring.

nka represents an integer of 0 to 10. nka is preferably an integer of 0 to 8, more
preferably an integer of 0 to 5, still more preferably an integer of 1 to 4, yet still more
preferably an integer of 1 to 3.

Incidentally, the structure represented by formula (KA-1) is a partial structure
present in the main chain, side chain, terminal or the like of the resin and is present as a
monovalent or higher valent substituent by removing at least one hydrogen atom contained in
the structure.

Zxa1 1s preferably an alkyl group, a cycloalkyl group, an ether group, a hydroxy
group or an electron-withdrawing group, more preferably an alkyl group, a cycloalkyl group or
an electron-withdrawing group. The ether group is preferably an alkyl ether group or a
cycloalkyl ether group.

The alkyl group of Zy,1 may be either linear or branched, and the alkyl group may
further have a substituent.

The alkyl group of Zy, is preferably an alkyl group having a carbon number of 1 to
4, such as methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl group, i-butyl
group and tert-butyl group.

The cycloalkyl group of Zy, may be monocyclic or polycyclic. In the latter case,
the cycloalkyl group may be of crosslinked type. That is, in this case, the cycloalkyl group
may have a bridged structure. Incidentally, a part of carbon atoms in the cycloalkyl group
may be substituted with a heteroatom such as oxygen atom.

The monocyclic cycloalkyl group is preferably a cycloalkyl group having a carbon
number of 3 to 8, and examples thereof include a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group and a cyclooctyl group.

Examples of the polycyclic cycloalkyl group include a group containing a bicyclo,
tricyclo or tetracyclo structure having a carbon number of 5 or more. The polycyclic
cycloalkyl group is preferably a cycloalkyl group having a carbon number of 6 to 20, and
examples thereof include an adamantyl group, a norbornyl group, an isoboronyl group, a
camphanyl group, a dicyclopentyl group, an a-pinel group, a tricyclodecanyl group, a
tetracyclododecyl group and an androstanyl group.

These structures may further have a substituent. Examples of the substituent
include an alkyl group, a halogen atom, a hydroxyl group, an alkoxy group, a carboxy group

and an alkoxycarbonyl group.
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The alkyl group as the substituent is preferably a lower alkyl group such as methyl

group, ethyl group, propyl group, isopropyl group and butyl group, more preferably a methyl
group, an ethyl group, a propyl group or an isopropyl group.

The alkoxy group as the substituent is preferably an alkoxy group having a carbon
number of 1 to 4, such as methoxy group, ethoxy group, propoxy group and butoxy group.

The alkyl group and alkoxy group as the substituent may further have a substituent,
and examples of the further substituent include a hydroxyl group, a halogen atom and an
alkoxy group (preferably having a carbon number of 1 to 4).

Examples of the aryl group of Z,; include a phenyl group and a naphthyl group.

Examples of the substituent which the alkyl group, cycloalkyl group and aryl group
of Zxa1 may further have include a hydroxyl group; a halogen atom; a nitro group; a cyano
group; the above-described alkyl group; an alkoxy group such as methoxy group, ethoxy
group, hydroxyethoxy group, propoxy group, hydroxypropoxy group, n-butoxy group,
isobutoxy group, sec-butoxy group and tert-butoxy group; an alkoxycarbonyl group such as
methoxycarbonyl group and ethoxycarbonyl group; an aralkyl group such as benzyl group,
phenethyl group and cumyl group; an aralkyloxy group; an acyl group such as formyl group,
acetyl group, butyryl group, benzoy! group, cinnamyl group and valeryl group; an acyloxy
group such as butyryloxy group; an alkenyl group; an alkenyloxy group such as vinyloxy
group, propenyloxy group, allyloxy group and butenyloxy group; the above-described aryl
group; an aryloxy group such as phenoxy group; and an aryloxycarbonyl group such as
benzoyloxy group.

Examples of the electron-withdrawing group of Zy,; include a halogen atom, a cyano
group, an oxy group, a carbonyl group, a carbonyloxy group, an oxycarbonyl group, a nitrile
group, a nitro group, a sulfonyl group, a sulfinyl group, a halo(cyclo)alkyl group represented
by -C(Rs1)(Rp2)-Rs3, a haloaryl group, and a combination thereof. The term "halo(cyclo)alkyl
group" indicates a (cyclo)alkyl group with at least one hydrogen atom being substituted for by
a halogen atom.

The halogen atom of Zy,; includes a fluorine atom, a chlorine atom, a bromine atom
and an iodine atom. Among these, a fluorine atom is preferred.

In the halo(cyclo)alkyl group represented by -C(Rs)(Re)-Rgp, Rp represents a
halogen atom, a perhaloalkyl group, a perhalocycloalkyl group or a perhaloaryl group. Ry is
preferably a fluorine atom, a perfluoroalkyl group or a perfluorocycloalkyl group, more

preferably a fluorine atom or a trifluoromethyl group.
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In the halo(cyclo)alkyl group represented by -C(Rg)(Rp)-Rg, each of Rp and Rg
independently represents a hydrogen atom, a halogen atom or an organic group. Examples of
the organic group include an alkyl group, a cycloalkyl group and an alkoxy group. These
groups may further have a substituent such as halogen atom.

At least two members out of Rg; to Rgs may combine with each other to form a ring.
- Examples of the ring include a cycloalkyl ring, a halocycloalkyl ring, an aryl ring and a
haloaryl ring. '

Examples of the alkyl group and haloalkyl group of R to Ry include the alkyl
groups described above for Zy,; and groups where at least a part of hydrogen atoms in such an
alkyl group is substituted for by a halogen atom.

Examples of the halocycloalkyl group and haloary!l group include groups where at
least a part of hydrogen atoms in the cycloalkyl group or aryl group described above for Zy,; is
substituted for by a halogen atom. More preferred examples of the halocycloalkyl group and
haloaryl group include a fluorocycloalkyl group represented by -CpyFanpH and a
perfluoroaryl group. Here, the range of carbon number n is not particularly limited, but n is
preferably an integer of 5 to 13, and n is more preferably 6.

Ry, is preferably the same group as R or combines with Ry to form a ring.

The electron-withdrawing group is preferably a halogen atom, a halo(cyclo)alkyl
group or a haloaryl group.

In the electron-withdrawing group, a part of fluorine atoms may be substituted for
by an electron-withdrawing group except for fluorine atom.

Incidentally, when the electron-withdrawing group is a divalent or higher valent
group, the remaining bond is used for bonding to an arbitrary atom or substituent. In this
case, the partial structure above may be bonded to the main chain of the hydrophobic resin
through a further substituent.

Out of the structures represented by formula (KA-1), a structure represented by the

following formula (KY-1) is preferred.
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(KY-1):
Riyg Riye
Ryy?
Riy10 W
d Rys  RKo1
CO0O R
nkb kyS
O Rkb,

In formula (KY-1), each of Ry to Ryyi9 independently represents 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 hydroxy group, a cyano group, an amide group or an aryl
group. At least two members out of Riys to Ryy1o may combine with each other to form a ring.

Ryys represents an electron-withdrawing group. Examples of the electron-
withdrawing group are the same as those for Zy, in formula (KA-1). The electron-
withdrawing group is preferably a halogen atom, a halo(cyclo)alkyl represented by
-C(Ra)(Rp)-Rg, or a haloaryl group. Specific examples of these groups are the same as
specific examples in formula (KA-1).

nkb represents O or 1.

Each of Ru,1 and Ry, independently represents a hydrogen atom, an alkyl group, a
cycloalkyl group, an aryl group or an electron-withdrawing group. Speciﬁc examples of
these atomic groups are the same as those for Zy,; in formula (KA-1).

The structure represented by formula (KY-1) is more preferably a structure
represented by the following formula (KY-1-1).

(KY-1-1):

j:y B\
Rg =L s (Zka1)nka R

elele) ( {}"kb Ris

O
o) Rkb2

In formula (KY-1-1), Zy,) and nka have the same meanings as those in formula (KA-
1).  Ryys, Rivi, Riv2 and nkb have the same meaning as those in formula (KY-1).

Lyy represents an alkylene group, an oxygen atom or a sulfur atom. Examples of
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the alkylene group of Lyy include a methylene group and an ethylene group. Ly is preferably
an oxygen atom or a methylene group, more preferably a methylene group.

Ls represents a single bond, an ether bond, an ester bond, an amide bond, a urethane
bond or a urea bond, and when a plurality of Ls's are present, each Ls may be the same as or
different from every other Ls.

Rs represents, when ns is 2 or more, each independently represents, an alkylene
group or a cycloalkylene group. When ns is 2 or more, each Rs may be the same as or
different from every other Rs.

ns is the repetition number of the linking group represented by -(Rs-Ls)- and
represents an integer of 0 to 5.

Specific preferred examples of the repeating unit having a structure represented by
formula (KA-1) are illustrated below, but the present invention is not limited thereto. Ra

represents a hydrogen atom, a fluorine atom, a methyl group or a trifluoromethyl group.

2 . Rs Ra Ra

Oiéo Ofé 07% oSy Ofoéo h
OFac%CFa 0" "¢, 0 *~CyFq ?:30 ’ SCXCFB
Ra Ra *\;RE; 5 3

yo\ﬁfo Zfo - 0770 iofo Cfo

©  )~cF
F,¢ °
Q0 o Zro

The content of the repeating unit having a lactone structure-containing group, an
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acid anhydride group or an acid imide group is preferably from 1 to 100 mol%, more
preferably from 3 to 98 mol%, still more preferably from 5 to 95 mol%, based on all repeating
units in the hydrophobic resin.

Examples of the repeating unit having (z) a group capable of decomposing by the
action of an acid, which is contained in the hydrophobic resin (E), are the same as those of the
repeating unit having an acid-decomposable group described for the resin (A). The repeating
unit having (z) a group capable of decomposing by the action of an acid may contain at least
either a fluorine atom or a silicon atom. The content of the repeating unit having (z) a group
capable of decomposing by the action of an acid, in the hydrophobic resin (E), is preferably
from 1 to 80 mol%, more preferably from 10 to 80 mol%, still more preferably from 20 to 60
mol%, based on all repeating units in the resin (E).

The hydrophobic resin (E) may further contain a repeating unit represented by the

- following formula (III):
Rest
Hy |
A
| L D
Rcaz

In formula (IIT), R.3; represents a hydrogen atom, an alkyl group, an alkyl group
which may be substituted with a fluorine atom, a cyano group, or a -CH,-O-Rac;, group,
wherein Rac; 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, more
preferably a hydrogen atom or a methyl group.

Resz represents a group having an alkyl group, a cycloalkyl group, an alkenyl group,
a cycloalkenyl group or an aryl group. | These groups may be substituted with a fluorine atom
or a silicon atom-containing group.

L¢3 represents a single bond or a divalent linking group.

In formula (I1I), the alkyl group of R3; is preferably a linear or branched alkyl group
having a carbon number of 3 to 20.

The cycloalkyl group is preferably a cycloalkyl group having a carbon number of 3
to 20.
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The alkenyl group is preferably an alkenyl group having a carbon number of 3 to 20.

The cycloalkenyl group is preferably a cycloalkenyl group having a carbon number
of 3 to 20.

The aryl group is preferably a phenyl group or a naphthyl group, which are an aryl
group having a carbon number of 6 to 20, and these groups may have a substituent.

Rc3, is preferably an unsubstituted alkyl group or an alkyl group with a fluorine atom.

The divalent linking group of L is preferably an alkylene group (preferably having
a carbon number of 1 to 5), an ether bond, a phenylene group or an ester bond (a group
represented by -COO-).

The content of the repeating unit represented by formula (III) is preferably from 1 to
100 mol%, more preferably from 10 to 90 mol%, still more preferably from 30 to 70 mol%,
based on all repeating units in the hydrophobic resin.

It is also preferred that the hydrophobic resin (E) further contains a repeating unit
represented by the following formula (CII-AB):

Re11' Req?
(CI1I—AB)

In formula (CII-AB), each of R¢i;' and Rg;»' independently represents a hydrogen
atom, a cyano group, a halogen atom or an alkyl group.

Z.' represents an atomic group for forming an alicyclic structure containing two
carbon atoms (C-C) to which bonded. _

The content of the repeating unit represented by formula (CII-AB) is preferably
from 1 to 100 mol%, more preferably from 10 to 90 mol%, still more preferably from 30 to 70
mol%, based on all repeating units in the hydrophobic resin.

Specific examples of the repeating units represented by formulae (III) and (CII-AB)
are illustrated below, but the present invention is not limited thereto. In the formulae, Ra

represents H, CH3;, CH,OH, CF; or CN.
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(/o\"‘fo /(;t);) ‘/Oj\/; {/;t)o VOYO kﬁo 0”0 (/OTZ oo (/OI:) </Ojf;

In the case where the hydrophobic resin (E) contains a fluorine atom, the fluorine
atom content is preferably from 5 to 80 mass%, more preferably from 10 to 80 mass%, based
on the weight average molecular weight of the hydrophobic resin (E). Also, the fluorine
atom-containing repeating unit preferably accounts for 10 to 100 mol%, more preferably from
30 to 100 mol%, in the hydrophobic resin (E). '

In the case where the hydrophobic resin (E) contains a silicon atom, the silicon atom
content is preferably from 2 to 50 mass%, more preferably from 2 to 30 mass%, based on the
weight average molecular weight of the hydrophobic resin (E). Also, the silicon atom-
containing repeating unit preferably accounts for 10 to 100 mol%, more preferably from 20 to
100 mol%, in the hydrophobic resin (E).

The weight average molecular weight of the hydrophobic resin (E) is preferably
from 1,000 to 100,000, more preferably from 1,000 to 50,000, still more preferably from 2,000
to 15,000, in terms of standard polystyrene.

As for the hydrophobic resin (E), one kind of a resin may be used, or a plurality of
kinds of resins may be used in combination.

The content of the hydrophobic resin (E) in the composition is preferably from 0.01
to 10 mass%, more preferably from 0.05 to 8 mass%, still more preferably from 0.1 to 5
mass%, based on the entire solid content in the composition of the present invention.

In the hydrophobic resin (E), similarly to the resin (A), it is of course preferred that
the content of impurities such as metal is small, but also, the content of residual monomers or
oligomer components is preferably from 0.01 to 5 mass%, more preferably from 0.01 to 3
mass%, still more preferably from 0.05 to 1 mass%. When these conditions are satisfied, a

resist composition free from extraneous substances in liquid or changes with aging of
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sensitivity or the like can be obtained. Furthermore, in view of resolution, resist profile, side
wall of resist pattern, roughness and the like, the molecular weight distribution (Mw/Mn,
sometimes referred to as "polydispersity") is preferably from 1 to 5, more preferably from 1 to
3, still more preferably from 1 to 2.

As for the hydrophobic resin (E), various commercially available products may be
used, or the resin may be synthesized by a conventional method (for example, radical
polymerization). Examples of the general synthesis method include a batch polymerization
method of 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 1 to
10 hours. A dropping polymerization method is preferred.

The reaction solvent, the polymerization initiator, the reaction conditions (e.g.,
temperature, concentration) and the purification method after reaction are the same as those
described for the resin (A), but in the synthesis of the hydrophobic resin (E), the concentration
during reaction is preferably from 30 to 50 mass%.

Specific examples of the hydrophobic resin (E) are illustrated below. Also, the
molar ratio of repeating units (corresponding to repeating units starting from the left), weight

average molecular weight and polydispersity of each resin are shown in Tables 1 and 2 later.
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