wo 2014/104400 A 1[I/ 0F 00O Y O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

(43) International Publication Date WO 2014/104400 A1
3 July 2014 (03.07.2014) WIPO I PCT
(51) International Patent Classification: KATO, Keita, c/o FUJIFILM Corporation, 4000
GO3F 7/004 (2006.01) CO7D 211/06 (2006.01) Kawashiri, Yoshidacho, Haibara-gun, Shizuoka, 4210302
C07C 309/17 (2006.01) CO7D 307/10 (2006.01) Jp).
C07C 309/19 (2006.01 C07J 31/00 (2006.01 .
CO7C 30924 E2006~013 GO3F 7/038((2006.01)) (74) Agents: KURATA, Ma.satos.l.H etal.; ¢/o SUZUYE & SU-
CO7C 311/48 (2006.01) GO3F 7/039 (2006.01) ZUYE, 6th floor, Kangin-Fujiya Bldg. 1-3-2, Toranomon,
CO7C 317/04 (2006.01) Minato-ku, Tokyo, 1050001 (JP).
. o . (81) Designated States (uniess otherwise indicated, for every
(21) International Application Number: PCT/IP2013/085328 kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
25 December 2013 (25.12.2013) DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
- ) . HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,
(25) Filing Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: Enghsh MG» MK, MN» MW, MX» MY» MZ» NA» NG» NI, NO» NZ»
L. OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(30) Priority Data: SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
2012-284642 27 December 2012 (27.12.2012) JP TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
61/746,442 27 December 2012 (27.12.2012) UsS 7W.
1) App!icant: FUJIFILM.CORPORATION [JP/JP]; 26-30, (84) Designated States (unless otherwise indicated, for every
Nishiazabu 2-chome, Minato-ku, Tokyo, 1068620 (JP). kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: KAWABATA, Takeshi; /o FUJIFILM Cor- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, 8Z, TZ,
poration, 4000 Kawashiri, Yoshidacho, Haibara-gun, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU, TJ,
Shizuoka, 4210302 (JP). TAKIZAWA, Hiroo; c/o FUJI- M), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
FILM Corporation, 4000 Kawashiri, Yoshidacho, Haibara- EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
gun, Shizuoka, 4210302 (JP). SHIBUYA, Akinori; c/o MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK, SM,
FUIJIFILM Corporation, 4000 Kawashiri, Yoshidacho, TR), OAPI (BF, B, CF, CG, CL, CM, GA, GN, GQ, GW,
Haibara-gun, Shizuoka, 4210302 (JP). GOTO, Akiyoshi; KM, ML, MR, NE, SN, TD, TG).
c/o FUJIFILM Corporation, 4000 Kawashiri, Yoshidacho, Ppublished:
Haibara-gun, Shizuoka, 4210302 (JP). KOJIMA,

Masafumi; c/o FUJIFILM Corporation, 4000 Kawashiri,
Yoshidacho, Haibara-gun, Shizuoka, 4210302 (JP).

with international search report (Art. 21(3))

(54) Title: ACTINIC-RAY- OR RADIATION-SENSITIVE RESIN COMPOSITION, ACTINIC-RAY- OR RADIATION-SENSIT -
IVE FILM AND METHOD OF FORMING PATTERN

(57) Abstract: Provided is an actinic-ray- or radiation-sensitive resin composition including a resin (A) and any of compounds (B)
of general formula (I) below. (In general formula (I), Rf represents a fluorine atom or a monovalent organic group containing at least
one fluorine atom; R; represents a hydrogen atom or a monovalent substituent containing no fluorine atom; X represents a mono-
valent organic group having at least two carbon atoms, or a methyl group in which a substituent other than a fluorine atom is option-
ally introduced, provided that X, may be bonded to R; to thereby form a ring; and Z represents a moiety that when exposed to actinic
rays or radiation, is converted to a sulfonic acid group, an imidic acid group or a methide acid group.)



10

15

20

25

WO 2014/104400 -1- PCT/JP2013/085328

DESCRIPTION

ACTINIC-RAY- OR RADIATION-SENSITIVE RESIN
COMPOSITION, ACTINIC-RAY- OR RADIATION-SENSITIVE
FILM AND METHOD OF FORMING PATTERN

Technical Field
The present invention relates to an actinic-ray- or

radiation-sensitive resin composition that when eprsed to
actinicraysor;adiation,reacts13)therebychangeits;moperties,
and relates to an actinic-ray- or radiation-sensitive filnlformed
from the coﬁposition and a method of forming a pattern with the
use of the composition. More particularly, the present invention
relates to an actinic-ray- or radiation-sensitive resin

composition appropriately used in a semiconductor production

- process for an IC or the like, a circuit board production process

for a liquid crystal, a thermél head or the like, other
photofabrication processes, a lithographic printing plate and an
acid-hardenable composition, and further relates to an
actinic-ray- or radiation-sensitive film formed from the
cbmposition and a method of formiﬁg'a pattern with the use of the
composition.
Backgrbund Art

Heretofore, the microfabrication by lithography using a
photoresist composition is performed in the process for
manufacturing semiconductor devices, such as an IC and an LSI.
In recent years, the formation of an ultfafine pattern in the
submicron region or quarter-micron region is increasingly
required in accordance with the realization of high integration

for integrated circuits. Accordingly, the trend of exposure
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wavelength toward a short wavelength, for example, from g-rays
to i-rays and further to a KrF excimer laser light is seen. To
now, an exposure equipment using an ArF excimer laser of 193 nm
wavelength as a light source has been developed. Further, the
development of a method, known as a liquid-immersion method, in
which the space between a projector lens and a sample is filled
with a liquid of high refractive index (hereinafter also referred
to as an “immérsion liquid”) has progressed as a technolbgy for
enhancing the resolving power. Still further, the development
oflithographyusingelectronbeams,X—rays,EUVlightorthelike,
aside from the excimer laser light, is now being promoted.
Accordingly, chemically amplified resist compositions that
effectively respond to various types of radiations and excel in
sensitivity and resolution are now being developed, and various
compounds are being developed as acid generators being a major
constituent thereof.

For example, acid generators capable of generating a
perfluorinated alkanesulfonic acid can exhibit a satisfactory
acid strength in the reaction of deprotection of a protective group
whose<ieprote¢tion.is‘difficult, so that many thereof are brought
into practical use. Further, various compounds having a fluorine
content reduced relative to those of such conventional acid
generators are proposed.

For example, patent reference 1 points out the problem that
acid generators having a high fluorine content, such as a
perfluorocalkylsulfonic acid,_exhibit an eXtreﬁely high acid
strength, so that, in the leaving reaction of protective group

capable of changing a dissolution contrast of resin, unanticipated
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reactions may occur to result in the occurrence of foreign matter
either after the alkali development or at the detachment of the
resist. Then, the reference discloses specified fluorinated
sulfonic acid salts having a fluorine content reduced for solving
the problem.

Further, patent reference 2 discloses specified fluorinated
sulfonic acid salts that while reducing the fluorine content
thereof to decrease environmental burdens, can exhibit
satisfactory acidities as acid generators.

Still further, patent reference 3 discloses specified
fluorinated sulfonic acid salts intended to increase the
solubility of an alkanesulfonic acid salt havihg a reduced
fluorine content in resist solvents to thereby enhance the resist
performance, such as resolution.

[Prior Art Reference]
[Patent reference]

Pateﬁt reference 1: International Publication No.
2011/093139,

Patent reference 2: Jpn. Pat. Appln. KOKATI Publication No.
(hereinafter referred to as JP-A-) 2004-117959, and

Patent reference 3: JP-A-2012-108496.

Disclosure of Invention

Acid generators exercise greater influence over the resist
performances, such as sensitivity, reéélving power, roughness
characteristic andgpattern.shape, of chemically amplified resist
compositions. There is a demand for the development of an acid

generator that while reducing the fluorine content thereof to

. decrease environmental burdens, can enhance the above
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performances required for chemically amplified resist
compositions.’

It is an object of the present invention to provide an

‘actinic-ray- or radiation-sensitive resin composition excelling

in the performances required for chemically amplified resist
compositions, such as sensitivity, resolving power, roughness

characteristic and pattern shape. It is other objects of the

‘present invention to provide an actinic-ray- or

radiation-sensitive film therefrom and a method of forming a
pattern.

The inventors have conducted extensive and intensive
studies with a view toward attaining the above objects. As a
result, the present invention has been completed.

The present invention in an aspect thereof is as follows.

[1] An actinic-ray- or radiation-sensitive resin
composition comprising a resin (A) and any.of compounds (B) of

general formula (I) below,

in which

Rf represents a fluorine atom or a monovalent organic group
containing at least one fluorine atom;

Ri1 represents a hydrogen atom or a monovalenﬁ substituent
containing no fluorine atom;

X3 represénts a monovalent organic group having at least

two carbon atoms, or a methyl group in which a substituent other
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than a fluorine atom is optionally introduced, provided that X;
may be bonded to R; to thereby form a ring; and

Z represents a moiéty that when exposed to actinic rays or
radiation, is converted to a sulfonic acid group, an imidic acid
group or a methide acid group.

[2] The actinic-ray- or radiation-sensitive resin
composition according to item [1], wherein X; in general formula

(I) above is any of organic groups of general formula (Ia) belbw,

—Lu—Xqy (1a)

in which

Li1 represents a connecting group selected from among —C0O0-,
-0C0-, -CO-, -0-, -S-, -SO-, -SO,-, -NH-, -C(=S)-, ~-CONR- (R is
a hydrogen atom, an alkyl group or a cycloalkyl group), an alkylene
group, a cycloalkylene group, an alkenylene group, an alkynylene
group, an arylene group and a group comprised of a combination
of two or more of these, provided that the connecting group
represented by L;; contains no fluorine atom, and

X131 represents a substituent,

provided that the any of organic groups of general formula.
(Ia) as a whole contains at least two carbon atoms.

[3] The actinic-ray- or radiation-sensitive resin
composition according to item [1l] or [2], wherein Rf in general
formula (I) above is a fluorine atom or a perfluoroalkyl group
having 1 to 4 carbon atoms. |

[4] The actinic-ray- or radiation-sensitive resin
composition according to item [1], wherein the compounds (B) of

general formula (I) are compounds of general formula (II) below,
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Rf O

Z_I_JJ_ X, )

H

in which
Rf’ represents a fluorine atom or a perfluoroalkyl group
having 1 to 4 carbon atoms, |

5 B X, represents a monbvalent organic group having at least
one carbon atom, and | |

Z represents a moiety that when exposed to actinic rays or
radiation, is converted to a sulfonic acid group, an imidic'acid
group or a methide acid group.

10 [5] The actinic-ray- or radiation-sensitive resin
composition according to item [4], wherein X, in general formula
(IT) above is either *-OR3; or *-NR4Rs, in which * represents a
position of bonding to the carbonyl group in general formula (IT)
above; Rj represents an alkyl group, a mono- or polycycloalkyl

156 group, an alkenyl gro’up, an oxo‘alkyl group, an oxocycloalkyl grdup,
an aryl group, an aralkyl group or a lactoné group; and each of
Rs and Rs independently represents a hydrogen atom, an alkyl group,
‘a mono- or polycycloalkyl group, an alkenyl group, an oxoalkyl
group, an oxocycloalkyl group, an aryl group, an aralkyl group

20 br‘a lactone group, provided that Rs and Rs are not simultaneously
hydrogen atoms, and provided that R, and Rs may be bonded to each
other to thereby form a ring structure in cooperation with the
nitrogen atom to which Rs; and Rs are bonded.

[6] An actinic-ray- or radiation-sensitive film formed

25 from the actinic-ray- or radiation-sensitive resin composition
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according to any one of items [1] to [5].

[7]. A method of forming a pattern, comprising forming an
actinic-ray- or radiation-sensitive film from the actinic-ray-
or radiation-sensitive resin composition according to any one of
items [1] to [5], exposing the actinic-ray- or

radiation-sensitive film to actinic rays or radiation, and

‘developing the exposed actinic-ray- or radiation-sensitive film.

- [8] Compounds of general formula (IIa) below,

Rfa O
za—|——“—x23 (lla)
H

in which

Rfa represents a fluorine atom or CF3;

X2a r‘epresents an alkyl group, a cycloalkyl group, an alkoxy
group, a cycloalkyloxy group, an aryloxy group, an
adamantyimethyloxy group, an adamantylcarbonyl group, an
oxocycloalkyl group, an oxocycloalkyloxy group or *-NRysRss in
which * represents a position of bonding to the carbonyl group
in general formula (IIa) above, and in which each of Ry, and Rsa
independently represents an alkyl group or a cycloalkyl group,
provided that Ry, and Rs, may be bonded to each other to thereby
form a ring structure in cooperation with the nitrogen atom to
which Ryg and Rs, are bonded; and

Zy represents a moiety that when exposed to actinic rays
or radiation, is converted to a sulfonic acid group, an imidic
acid group or a methide acid group.v

-The present invention has made it feasible to provide an
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actinic-ray- or radiation-sensitive resin composition excelling
in the performances required for chemically amplified resist
compositions, such as sensitivity, résolving power, roughness
characteristic and pattern shape. The present invention has also
madeji:feasibletx)provideznlactinic—ray—cn:radiation—sensitive
film therefrom and a method of forming a pattern.

Best Mode for Carrying Out the Invention

Embodiments of the present invention will be described in
detail below. |

Herein, the groups and atomic groups for which no statement
ismadeastxbsubstituthxlornonsubstitutionaretx)beinterpreted
as including those containing no substituents and also those
containing substituents. For example, the “alkyl groups” for
which no statement is made as to substitution or nonsubstitution
are to be interpreted as including not only the alkyl groups
containing no substituents (unsubétituted.alkyl groups) but also
the alkyl groups containing substituents (substituted alkyl
groups) .

Further, herein, the term “actinic rays” or “radiation”
means, for example, brightline spectra from a mercury lamp, far
ultraviolet represented by an excimer laser, X-rays, soft X-rays
such as extreme ultraviolet (EUV) light, or electron beams (EB) .
The term “light” means actinic rays or radiation. The term
“exposure to light” unless otherwise specified means not only
irradiation with light, such as light from a mercury lamp, far
ultraviolet, X-rays or EUV light, but also lithography using
particle beams, such as electron beams and ion beams.

The actinic-ray- or radiation-sensitive resin composition
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of the present invention (hereinafter also referred to as “the
composition of the present invention” or the like) comprises a
resin (A) and any of compounds (B) of general formula (I) below.

The resin (A) is a resin whose polarity is changed under
the action of an acid. The resin (A) in its one form is a resin
coﬂfaining'a group decomposable under the action of an acid, and

in its another form is a resin containing a phenolic hydroxyl

.group.

The composition of the present invention in its one form
is used in the formation of a negative pattern, and in its another
form is used in the formation of a positive pattern, in accordance

with, for example, the method to be described in the section

regarding a pattern forming method hereinafter.

Essential components and opticnal components contained in
the composition of the present invention will first be described
below.

[1] Acid generator

[Compounds of general formula (I)]

The composition of the present invention comprises any of
compounds of general formula (I) below (hereinafter also referred
to “compounds (B),” “acid generators (B)” or the like).

It is presumed that the iﬁCorporation of cdmpounds (B) in
the composition of the present inveﬁtion realizes the uniform
distribution of generated acids in the resist film, thereby
contributing'toward.thé enhancement of resist performances, such

as sensitivity, resolving power, roughness characteristic and

pattern shape.
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In general formula (I),

Rf represents a fluorine atom or a monovalent organic group
confaining at least one fluorine atom;

R1 represents a hydrogen atom or a monovalent substituent
containing no fluorine atom;

X; represents a monovalent organic group having at least
two carbon atoms or a methyl group in which a substituent other
than é fluorine atom is optionally introduced, provided that X;
may be bonded to R; to thereby form a ring; and

. Z represents a moiety that when exposed to actinic rays or
radiation, is converted to a sulfonic acid group, an imidic acid
group or a methide acid group. |

General formula (I) will be described in detéil below.

Rf represents a fluorine atom or a monovalent organic group
containing at least one fluorine atom.

As the monovalent organic group containing at least one

fluorine atom, there can be mentioned, for example, a linear or

ibranched alkyl group having 1 to 10 carbon atoms in which the

hydrogen atoms are partially or entirely replaced with a fluorine
atom or a fluoroalkyl group. In particular, there can be
mentioned CF3, C,Fs, C3Fs, C4Fs, CsF11, CeFi3, CsFis, CgFi7, CHCFs3,
CH2CH2CF3, CH,C,Fs, CH,CH,CyFs5, CH,C3F5, CHoCH,RC3F9, CH2C4F9, CH,CH,CyFy
or the like.

Rf is preferably a fluorine atom or a perfluoroalkyl group
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having 1 to 4 carbon atoms, more preferably a fluorine atom or
CF3. A fluorine atom is most preferred.

R; represents a hydrogen atom or a monovalent substituent
containing no fluorine atom.

As the monovalent substituent containing no fluorine atom,
there can be mentibned, for exémple, é halogen atom (excluding
a fluorine atom), such as a chlorine atom, a bromine atom of an
iodine atom; an alkoxy group, such as a methoxy group, an ethoxy
group or a-tert—butOXy group; an aryloxy group, such as a phenoxy
group or a p-tolyloxy group; an alkylthioxy group, such as a
methylthioxy group, an ethylthioxy group or a tert-butylthioxy
group; an arylthioxy group, such as a phenylthioxy group or a
p-tolylthioxy group; an alkoxycarbonyl group, such as a
methoxycarbonyl group, a butoxycarbonyl group or an
adamantylmethyloxycarbonyl group; an aryloxycarbonyl group, such
as a phenoxycarbonyl group; an alkylcarbonyl group or
cycloalkylcarbonyl group, such as an acetoxy group, a
cyclohexylcarbonyl group or an adamantylcarbonyl group; a linear
alkyl group or branched alkyl group, such as a methyl group, an
ethyl group, a propyl group, a butyl group, a heptyl group, a hexyl
group, a dodecyl group>or‘é 2—ethy1hekyl groﬁp; an alkenyl group,
such as a vinyl group, a propenyl group or a hexenyl group; an
acetylene group; an alkynyl group, such as a propynyl group or
a hexanl group; a cycloalkyl group, such as a cyclopentyl group
or a cyclohexyl grbup; an aryl group, such as a phenyl group or
a tolyl group; an aralkyl group, such as a benzyl group, a
l-phenylethyl group, a 2-phenylethyl group, a l-phenylpropyl

group, a 2-phenylpropyl group, a 3-phenylpropyl group, a
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l-naphthylmethyl group or a 2-naphthylmethyl group; a mono- or

polycyclolactone group having 3 to 30 carbon atoms; an oxoalkyl

group having 2 to 20 carbon atoms; an oxocycloalkyl group having

6 to 1O carbon atoms; a carbamoyl group; a hydroxyl group; a
carboxyl group; a cyano group; a nitro group; or a sulfonic acid
group. |

R, is preferably a hydrogen atom, an alkoxy group, an
alkoxycarbonyl group, an alkylcarbonyl group, an alkyl group, a
hydroxyl group, a carboxyl group, a cyano group or the like. R;
is more preferably a hydrogen atom, an alkoxycarbonyl group, an
alkylcarbonyl group or a cyano gfoup, most preferably a hydrogen
atom.

When R; and X; are bonded to each other to thereby form a
ring, the formed ring structure contains no fluorine atom.

Asn@ntionedabove,Xlrepresentseamonovalentorganicgroup
having at least two carbon atoms or a methyl group in which a
substituent other than a fluorine atom is optionally introduced.
As the substituent optionally introduced in the methyl group
represented by X;, there can be mentioned any of groups set forth

above by way of example as the monovalent substituent containing

no fluorine atom represented by R;.

In an aspect of the present invention, it is preferred for
Xllto be an organic group containing a cyclic structure. The
cyclic structure contained in X; is not particularly limited,
which can be an alicyclic group, an aryl group, a heterocyclic
group (including not only one exhibiting aromaticity but also one
exhibiting no aromaticity; including, for example, a

tetrahydropyran ring structure, a lactone ring structure and a
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sultone ring structure), or the like. It is preferred for the
cyclic structure contained in X; to be a bulky structure. The
number of atoms constituting the skeleton of each ring is
preferably 7 or greater, more preferably 8 or greater, and furthe;
more preferably 10 or greater. From the viewpoint of bulkiness,
it is preferred for X; to contain a polycyclic structure.

The alicyclic group may be monocyclic or polycyclic. As
preferred alicyclic groups, there can be mentioned a
monocycloalkyl group, such as a cyclopentyl group, a cyclohexyl
group or a cyclooctyl group, and a polycycloalkyl group, such as
anorbornylgroup,armmbdrnen—l—ylgroup,atxicyclodecanylgroup
(for example, a tricyclo[5.2.l.0(2,6)]decanyl group), a
tetracyclodecanyl group, a tetracyclododecanyl group or an
adamantyl group. An adamantyl group is most preferred. Also,
preferred use is made of a nitrogen-atom-containing alicyclic
group, such as a piperidine group, a decahydroquinoline group or
a decahydroisoquinoline group. Of these, alicyclic groups with
a bulky structure having at least‘7 carbon atoms, selected from
among a norbornyl group, a tricyclodecanyl group, a

tetracyclodecanyl group, a tetracyclododecanyl group, an

adamantyl group, a decahydroquinoline group and a

decahydroisoguinoline group, are preferred from the viewpoint of
inhibiting any in-film diffusion in the PEB (post-exposure bake)
operation, thereby attaining an enhancement of exposure latitude.
Of these, an adamantyl group and a_decahydroisoquinoline group
are most preferred.

As the aryl groups, there can be mentioned a benzene ring,

a naphthalene ring, a phenanthrene ring and an anthracene ring.
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Of these, 'naphthailene ensuring a low-absorbance is preferred from
the viewpoint of the light absorbance at 193 nm.

As the heterocyclic groups, there can be mentioned thdse
derived from a furan ring, a thiophene ring, a benzofuran ring,
a benzothiophene ring, a dibenzofuran ring, a dibeniothiophene‘
ring, a pyridine ring and a piperidine ring. Of these, the
heterocyclic groups derived from a furan ring, a thiophene ring,
a pyridine ring and a pipéridine ring are preferred. As other
preferred heteroéyclic groups, there can be mentioned the
following structures (in the formulae, X represents a methylene

group or an oxygen atom, and R represents a monovalent organic

group) .
O O_S\ -
0 J o R

Substituents may be introduced in the above cyclic organic
groups. As the substituents, there can be mentioned an alkyl
group(anyoflinear,branchedandcyclicforms,preferablyhaving
1l to 12 carbon atoms), an aryl group (preferably having 6 to 14
carbon atoms), a hydroxyl group, an alkoxy group, an ester group,
an amido group, a urethane group, a ureido group, a thioether group,
a sulfonamido group, a sulfonic ester group and the like.

The carbon as a constituent of the organic group containing
a cyclic structure (carbon contributing to ring formation) may
be a carbonyl carbon. ~

When X; is an organic group containing a cyclié structure,

X; in its one fornlis.preferablyra.groupxmith.the following steroid
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skeleton.

Further, X; in its one form is expressed by general formula
(Ia) below.
—L11_’X11 (Ia)

In general formula (Ia), Li; represents a connecting'group,
afld Xi1 represents a substituent. Any of organic groups of general
formula (Ia) as a whole contains at least two carboh atoms.

As the connecting group represented.by Li1, there can be
mentioned, for example, -C0O0O~, -0CO-, -CO-, —O—? -S-, -80-, —SOZ—,
—NH—,—C(=S)—,—CONR—(Rrepresentseahydrogenatom,analkylgroup
(preferably having 1 to 10 carbon atoms) or a cycloalkyl group
(preferably having 3 to 20 carbon atoms)), an alkylene group
(preferably 1 to 5 carbon atoms), a cycloalkylene group
(preferably 3 to 10 carbon atbms), an alkenylene group, an
alkynylene group or an arylene group (preferably 6 to 10 carbon
atoms). Lj; may be a combination of two or more of these. The
connecting group represented by L;; preferably contains no
fluorine atom.

Dﬁanaspectofthe;uesentinvention,Iqlispreferably—COO—,
-CO- or -CONH-, more preferably -COO- or -CO-.

In an aspect of the present invention, it is preferred for
the substituent represented by X;; to be an organic group
containing a cyclic structure. The cyclic structure cohtained

inX@lisnotparticularlylimited,whichcanlxaanalicyclicgroup,
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an aryl group, a heterocyclic group (including not only one
exhibiting aromaticity but also one exhibiting no aromaticity;
including, for example, a tetrahydropyran ring, a lactone ring
structure and a sultone ring structure), or the like. It is
preferred for the cyclic structure contained in X;; to be a bulky
structure. The number of atoms constituting the skeieton.of each
ring is preferably 7 or greater, more preferably 8 or greater,
and further more preferably 10 or greater. From the viewpoint
of bulkiness, it is preferred for X;; to contain a polycyclic
structure.

In an aspect of the present invention, as the substituent
represented by X;1, there can be mentioned, for example, R; or
*-NR4Rs, in which * represents a position of bonding to Li; in
géneral formula (Ia) above. R; represents an alkyl group, a mono-
or polycycloalkyl group, an alkenyl group, an oxoalkyl group, an
oxocycloalkyl group, an aryl group, an aralkyl group, a lactone
group or a sultone group. Each of Ry and Rs independently
represents a hydrogen atom, an alkyl group, a mono- or
polycycloélkyl group, an alkenyl group, an oxoalkyl group, an
oxocycloalkyl group, an aryl group, an aralkyl group, a lactone
group or a sultone group. R, and Rs may be bonded to each other
to thereby form a ring structure in cooperation with the nitrogen
atom to which Ry and Ry are bonded.

Each of the alkyl groups represented by Ri, Rs; and Rs
preferably has 1 to 20 carbon atoms. Each of the mono- or
polycycloalkyl groups represented by Rs, R4and.R5preferably'hés
3 to 20 carbon atoms. Each of the alkenyl groups and oxoalkyl

groups represented by R3,IQ and Rs preferably has 2 to 20 carbon -
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atoms. Each of the oxocycloalkyl groups represented by R3, Ry arid
Rs preferably has 6 to 10 carbon atoms. Each of the aryl groups
and aralkyl groups represented by R3, Ry and Rs preferably has 6
to 18 carbon atoms. Each of the lactone groups represented by
R3, Ry and Rs preferably has 3 to 30 carbon atoms, which may be
monecyclic or polycyclic. Each of the sultone groups represented
by R3, Rs and Rs preferably has 3 to 30 carbon atoms, which may
be monocyclic or polycyclic. The hydrogen etoms on carbon
contained in R3, R4 and Rs may be replaced with substituents.
As a 1inear alkyl group having 1 to 20 carbon atoms, there
can be mentioned, for example, a methyl group, an ethyl group,
an n-propyl group, an n-butyl group, an n-pentyl group, an n-hexyl
group, an n-heptyl group, an n-octyl group, an n-nonyl group, an
n-decyl group or the like. As a substituted alkyl group, there
can be mentioned, for example, a linear alkyl group containing
a cycloalkyl group, such as a cyclopentylmethyl group, a
cyclopentylethyi group, a cyclohexylmethyl group, a
cyclohexylethyl group, an adamantylmethyl group, an

adamantylethyl group, a norbornylmethyl group, a norbornylethyl

- group, a camphoroylmethyl group, a camphoroylethyl group or the

like.
As a branched alkyl group having 3 to 20 carbon atoms, there

canbenentioned,forexample,ani—propylgroup,a:sec—butylgroup,

~an i-butyl group, a t-butyl group or the like.

As a mono- or polycycloalkyl group having 3 to 20 carbon
atoms, there can be mentioned, for example, a cyclopentyl group,
a cyclohexyl group, an adamantyl group, a norbornyl group, a

camphoroyl group or the like. As a substituted mono- or
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polycycloalkyl group, there can be mentioned, for example, a
methylcyclopentyl group, a methylcyclohexyl group, a
mefhyladamantyl group, an ethylcyclopentyl group, an
ethylcyclohexyl group, arlethyladamantyl group or the like. Each
of the cycloalkyl groups represented by R3,I§ and Rs may contain
an ether oxygen atom in its ring structure.

As an alkenyl group having 2 to 20 carbon atoms, there can
be mentioned, for example, a vinyl group, a 1-methylethenyl group,
an allyl group, a 3-butenyl group, a l-methylallyl group, a
2-methylallyl group, a 4-pentenyl group, a 5-hexenyl group or the
like.

- As an oxoalkyl group having 2 to 20 carbon atoms and an
oxocycloalkyl group having 2 to 20 carbon atoms, there can be
mentionéd,forexample,a2—oxo—propy1group,a2%oxo—butylgroup,
a 2-oxo-3-methyl-butyl group, a 2-oxo-pentyl group, a
2-oxo-3-methyl-pentyl group, a 2-oxo-4-methyl-pentyl group, a
2-oxo-3-ethyl-pentyl group, a 2-oxo-hexyl group, a
2-oxo-3-methyl-hexyl group, a 2-oxo-4-methyl-hexyl group, a
2-oxo-5-methyl-hexyl group, a 2-oxo-3-ethyl-hexyl group, a
‘2—oxd—4—ethyl—hexyl group, a 2-oxo-heptyl group, a
2-oxo-3-methyl-heptyl group, a 2-oxo-4-methyl-heptyl group, a
2-0xo-5-methyl-heptyl group, a 2-0xo—6—methy1—heptyl group, é
2-0x0-3-ethyl-heptyl group, a 2—oxo—4—ethyl—héptyl group, é
2-oxo-5-ethyl-heptyl group, a 2-oxo-3-propyl-heptyl group, a
2-oxo-4-propyl-heptyl group, a 2-oxo-octyl group, a
2-oxo-3-methyl-octyl group, a 2-0#0—4—methyl—octyl group, a
2-oxo-5-methyl-octyl group, a 2-oxo-6-methyl-octyl group, a

2-oxo-7-methyl-octyl group, a 2-oxo-3-ethyl-octyl group, a
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2-oxo-4-ethyl-octyl Qroup, a 2-oxo-5-ethyl-octyl group, a
2-oxo~-cyclopentyl group, a 2-oxo-cyclohexyl group, a
2~0oxo-cycloheptyl group, a 2-oxo-cyclopropylmethyl group, a
2-oxo-methylcyclohexyl group, a 2-oxo-cyclohexylmethyl group, a
2-oxo-norbornyl group, a 2—oxo—tricyclo[5.2.l.OLs]decyl group,

12:°17-1%1 dodecyl group, a

a 2—cyclo—oxotetracyclo[4.4.0.
2-oxo-bornyl group or the like.

As an aryligroup having 6 to 18 carbon atoms, there can be
mentioned,forexample,apmenylgroup,ano~tolylgroup,anhtoly1
group, a p-tolyl group, a p-hydroxyphenyl group, a
p-trifluoromethylphenyl group, a l-naphthyl group, a
l-anthracenyl group or the likei

As an aralkyl group having 6 to 18 carbon atoms, there can
be mentioned, for example, a benzyl group, a l-phenylethyl group,
a 2-phenylethyl group, a l-phenylpropyl group, a 2-phenylpropyl
group, a 3-phenylpropyl group, a l-naphthylmethyl group, a
2-naphthylmethyl group or the like.

The lactone group having 3 to 30 carbon atoms is a monovalent
group resulting from the removal of one hydrogen atom from thé
corresponding lactone. This lactone méy be monocyclic or
polycyclic. As such, there can be mentioned, for example,
y-butyrolactone, y-valerolactone, angelica-lactone,
y-hexalactone, y-heptalactone, y-octalactone, y-nonalactone,
3—methyl—4—bctanolide (whisky lactone), y-decalactone,
vy-undecalactone, y-dodecalactone, y-jasmolactone
(7-decenolactone), &-hexalactone,
4,6,6(4,4,6)-trimethyltetrahydropyran-2-one, &-octalactone,

d-nonalactone, d-decalactone, &-2-decenolactone,
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d-undecalactone, &-dodecalactone, d-tridecalactone,
d-tetradecalactone, lactoscatone, e-decalactone,

g-dodecalactone, cyclohexyllactone, jasmine lactone,

- Cis-jasmone lactone or methyl-y-decalactone. Further, as the

lactone grdup, there can be mentioned the following. The dotted

line shows a position of bonding.

~ ~ ~

(E—1)

In an aspect of the present invention, it is preferred for
R; to be a bulky.functional group. For example, R; is preferably
a group comprising é mono- or polycycloalkyl group having 5 to
10 carbon atoms. As such a group, there can be mentioned, for
example, a cyclopentyl group, a cyclohexyl group, an adamantyl
group, a methylcyclopentyl group, a methylcyclohexyl group, a -
methyladamantyl gfoup, an ethylcyclbpentyl group,‘an
ethylcyclohexylgroup,aulethyladamantylgroup,eanorbornylgroup;
acamphoroylgroup,eacyclopentylmethylgroup,zacyclopentylethyl
group, a cyclohexylmethyl group, a cyclohexylethyl group, an
adamantylmethyl group, an adamantylethyl group, a
norbornylmethyl group, a norbornylethyl group, a
camphoroylmethyl group, a camphorbylethyl group or the like. A

cyclohexyl group and an adamantyl group are more preferred.

As mentioned above, R; and Rs may be bonded to each other
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to thereby form a ring structl‘lre‘in cooperation with the nitrogen
atom to which Ry and Rs are bonded. The ring structure preferably
has 3 to 18 ring members, and may be monocyclic or poly'cyclic.
The ring structure may further contain a heteroatom, such as a
nitrogen atom, an oxygen atom or a sulfur atom, other than the
nitrogen atom to which R; and Rs are boflded.

The ring structure formed by Ry aﬁd Rs may be, for example,

the following, in which * represents a position of bo'nding to Liqg

'in general formula (Ia).

* HN N— o

C — N—* O/—\N—— [\ * b /—\N——* N—*  (E-2)
As mentioned above, the hydrogen atoms on carbon contained
in R3, Ry and Rs may be replaced with substituents. As the
substituents, there can be méntioned, for example, a halogen atom,
such as a fluorine atom, a chlorine atom, a bromine atom or an
iodine atom, a hydroxyl group, a thiol group, an alkyl group, an
aryl group and the like. Further, there can be mentioned organic
groups each containing a heteroatom, such as a halogen atom, an
oxygen atom, a nitrogen atom, a sulfur atom, a phosphorus atom
or a silicon atom. As a still further example, there can be
mentioned a ketone group resulting from the replacement of two
hydrogen atoms on any identical carbon atom in R;, R; and Rs
mentioned above with an oxyge.n atom. The number of substituents
introduced is not limited within a structurally permitted range.
In an aspect of the present invention, X;; has the same

meaning as X, in general formula (II) to be described hereinafter.

In an aspect of the present invention, as preferred
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monovalent organic groups represented by X;, there can be
mentioned an alkoxy group,.an alkoxycarbonyl group, an
alkylcarbonyl group, an alkylamido group, an alkyl group and the
like. Of these, an alkoxycarbonyl group, an alkylcarbonyl group
and an elkylaﬁido group are more‘preferred. An alkoxycarbonyl
group is most preferred.

The monovalent organic group represented by X; may contain
a fluorine atom. From the viewpoint of uniform distribution in
the resist £ilm, the number of fluorine atoms in the organic group
represented by X; is preferably in the range of 0 to 6, more
preferably 0 to 3 and further more preferably 0 to 2. Containing
no fluerine atom is most preferred.

Z represents a moiety that when exposed to actinic rays or
radiation, is converted to a sulfonic acid group, an imidic acid
group or a methide acid group. The moiety represented by Z is
preferably an onium salt. The onium salt is preferably a
sulfonium salt or an iodonium salt. It is especially preferred
for the moiety to have any of the structures of general formulae

(ZI) to (ZIII) below.

G )
@ © ® *+—7.—C-Z,—Rz
t_sose A '—21-N-ZZ—RZ1 A 3 ' 4 2 A
Zs—Rzj3
(Z[) (Zll) (ZI)

In general formulae (ZII) and (ZIII), each of Z;, Z,, Z3,
Z, and Zs independently represents -CO- or -SO,-. From the
viewpoint of lowering the pKa value of generated acid, -S0,- is

preferred.
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Each of Rz;, Rz; and Rz; independently represents an alkyl
group, a cycloalkyl group, an aryl group or an aralkyl group.
The above alkyl group may be linear or branched. For example,
an alkyl group having 1 to 4 carbon atoms, such as a methyl group,
an ethyl group, a propyl group or a butyl group, is most preferred.
It is preferred for the cycloalkyl group to be, for example,
one having 3 to 10 carbon atoms, such as a cyclobutyl‘group, a
cyclopentyl group or a cyclohexyl group. A cycloalkyl group
having 3 to 6 carbon atoms is more preferred.
The aryl group is preferably one having 6 to 18 carbon atoms.

An aryl group having 6 to 10 carbon atoms is more preferred. A

phenyl group is most preferred.

As a preferred form of the aralkyl group, there can be
mentioned one resulting from the bonding of the above aryl group
to an alkylene group having 1 to 8 carbon atoms. An aralkyl group
resulting from the bondingrof the above aryl group to an alkylene
group having 1 to 4 carbon atoms is most preferred.

Preferably, each of Rz;, RzzandRz3ingeneralforﬁulae(ZII)
and (ZIII) independently is an alkyl group.

In general formulae (ZI) to (ZIII) above, A" represents a
sulfonium cation or an iodonium cation. It is preferred for A"
to be any of sulfonium cations of general formula (zX) below or

any of iodonium cations of general formula (ZXI) below.

Rz 2
| 202 | Raoa—1=R205
+
Ra0r=—S=Rz03 {ZX) (ZX1)
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In general formula (ZX) above, each of Ryp, R0z and Raps
independently represents an organic group. Each. of the organic
groups represented by Ryp1, Ragz and Rygz has, for example, 1 to 30
carbon atoms, preferably 1 to 20 carbon atoms.

Any two of Rjyp1 to Ryo3 may be bonded to each'other to thereby
form a ring structure (including a condensed ring), and the ring

within the same may contain an oxygen atom, a sulfur atom, an ester

" bond, an amide bond or a carbonyl group in addition to the sulfur.

atom in the formula. As a group formed by the mutual bo‘nding of
two of Rzp1 to Ryp3, there can be mentioned an alkylene group (for
example, é butylene group or a pentylene group) or the likef

As the organic groups represented by Rip1, Rage and R2¢3, there
can be mentioned,‘ for example, corresponding groups in the groups
(ZA-1-1), (ZA-1-2) and (ZA-1-3) to be described below.
Corresponding groups in the groups (ZA-1-1) and (ZA-1-3) are most
preferred. | |

First, the'igroups (ZA-1-1) will be described.

The groups (ZA-1-1) afe groups of general fofmula (Z2X) above
in whichvat l‘east one of Ryp01 £to Ryg3 is an aryl group, namely, groups
comprising an arylsulfonium as a cation.

‘A1l of Ry to Ruos rﬁéy be aryl groups. Alternatively, Rao:
to Rypz3may be an aryl group in part and an alkyl group or a cycloalkyl
group .inbthe remainder. | |

For example, there can be mentioned groups corresponding

td a t.riarylsulfonium, a di_arylalkylsulfonium, an

3 aryldialkylsulfonium, ' ‘av _diarylcycl_oalkylsulfonium and an

aryldicycloalkylsulfonium.

'I_‘he aryl group in the.arylsulfonium is preferably a phenyl
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group or a naphthyl group. The aryl group may be one with a
heterocyclicstructurecontainingen1oxygenatom,eanitrogenatom,
a sulfur atom or the like. As the héterocyclic structure, there
can be mentioned the structure of pyrrble, furan, thiophene,
indole, benzofuran, benzothiophene or the like.

When the arylsulfonium'contains two or more aryl groups,
the two or more aryl gfoups may be identical to or different from
each other.

The alkyl group or cycloalkyl group contained in the
arylsulfqniUm according to neéessity is preferably a linear or
branched alkyl group having 1 to 15 carbon atoms or a cycloalkyl
group having 3 to 15 carbon atoms. As such, there can be mentioned,
for example, a methyl group, an ethyl group, a propyi éroup, an
n-butyl group, a séc—butyl group, a t-butyl group, a cyclopropyl
group, a cyclobutyl group, a cyclohexyl group or the like.

Each of the aryl groups, élkyl groups and cycloalkyl groups

represented by Rog1 to Ryps may contain as a substituent thereof

an alkyl group (for example, 1 to 15 carbon atoms), a cycloalkyl

group (for example, 3 to 15 carbon atoms), an aryl group (for

example, 6 to 14 carbon atoms), an alkoxy group (for example, 1

to 15 carbon atoms), a halogen atom, a hydroxyl group or a

phenylthio group. Preferred substituents are an alkyl group

‘having 1 to 4 carbon atoms and an alkoxy group having 1 to 4 carbon

atoms. Each of the substituents may be introduced in any one of
the three Ryp1 to Ryo3, or alternatively may be introduced in all
of the three Ryp1 to Rzos3. When Rjp1 to Ryps represent aryl groups,
each of the substituents is preferably introduced in the

p-position of the aryl group.
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As preferred groups (2A-1-1), there can‘be mentioned a
triarylsulfonium and any of structures of general formulae
(ZA-1-1A) and (ZA-1-1B) below (hereinafter alse referfed to as
“specified cation structures”). When the repeating unit (A)
contains any of such specified cation structures, any

decomposition product occurring upon exposure to X-rays, electron

. beams or EUV exhibits a high boiling point, preferably tending

to lessen the problem of outgassing.

R11a .
R12a R10a x
R1Sa Rga (‘\
1 (R)n1 n
R a @ Raa @S
2a 7a . 7\
R S R Ri5 Ris
R3a Za Rb‘a
4a RS2 (ZA-1-1B)
(ZA-1-1A)

In general formula'(ZA—l—lA),

each of R to R®? independently represents a hydrogen atom
or a substituent. Preferably, at least one of R to RY® is a
substituent containing an alcoholic hydroxyl group.

Za represents a single bond or a bivalent connecting group.

The term‘“alcoholic hydroxyl group” used in the present
invention refers to a hydroxyl group bonded to a carbon atom of
a chain or cyclic alkyl group.

When R™ to R}*? are substituents each containing an alcoholic
hydroxyl group, R' to R™® are expressed by the formula -W-Y. In

the formula, Y represents achain or cyclic alkyl group substituted
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with a hydroxyl group, and W represents a single bond or a bivalent
connecting group.

In general'férmula (zA-1-14), at least one of R'@® to R'?*?
contains an alcoholic hydroxyl group. Preferably, at least one
of R’® to RY® contains an alcoholic hydroxyl group.

Za represents a single bond or a bivalent connecting group.
A substituent may be introduced therein. The subsﬁituent is the
same as set forth above in connection with R!?® to R32. Za is
preferably a single bond, an ether group or a thioether group,
most preferably a single bond.

Now, general formula (ZA-1-1B) will be described.

In general formula (ZA-1-1B), each of R;ss independently
represents an alkyl group, a cycloalkyl group or a naphthyl group,
pro&ided.that two Riss may be bonded to each other to thereby form.
a ring.

X, represents any df —CR21=CR332~, -NR33-, -S- and -O-. Each
of Ry; and Rp; independently represents a hydrogen atom, an alkyl
group, a cycloalkyl group or an aryl group.' Ry3 represents a

hydrogen atom, an alkyl group, a cycloalkyl group, an aryl group

_0or an acyl group.

R, or each of R’s independently, represents a substituent.
As the substituent represented by R, theré can be mentioned, for
exampleLcorrespondinggroupsjjlgeneralformulae(ZI—l)to(ZI—3)
to be described below as preferred forms of general formula
(ZA-1-1B) .. |

In the formula, n is an integer of 0 to 3, and

nl is an integer of 0 to 11.

The ring that may be formed by the mutual bonding of two
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Riss is a ring structure formed in cooperation with -S* shown in

- formula (ZA-1-1B), preferably a 5-membered ring containing .one

sulfur atom or a condensed ring containing the same. The
condensed ring is preferably one containing one sulfur atom and
up to 18 carbon atoms, more preferably any of the ring structures
of general formulae (IV-1) to (IV-3) below.

In the formulae, * represents a bonding hand. R represents
an arbitrary substituent. As such, there can be mentiqned, for
example, any of the same substituents that may be introduced in
the groups represented by Ris and Ry; to Ry;. In the formulae, n

is an integer of 0 to 4, and n2 is an integer of 0 to 3.

& £ &

3 O
2 (R (R)KQ_/] | Q- (R)n
(IV-1) (IV-2) (IV-3)

Among the compounds of general formula (ZA-1-1B), as
preferred cation structures, there can be mentioned the following
cation structures (ZI-1) to (zI-3).

The cation structure (ZI-1) refers to the structure of

general formula (ZI-1) below.

13
(R1a)r
'/
+ 1
R15/S\
Ri1s

In general formula (z2I-1),
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Ri3 represents a hydrogen atom, a fluorine atom, a hydroxyl
group, an alkyl group, a cycloalkyl group, an alkoxy group, an
alkoxycarbonyl group or a group with a mono- or polycycloalkyl
skeleton.

Risa, or each of Ryys independently, represents an alkyl group,
a cycloalkyl group, an alkoxy group, an alkylsulfonyl group, a
cycloalkylsulfonyl group, a hydroxyl group or a group with a mono-
or polycycloalkyl skeleton.

Each of Riss independently represents an alkyl group, a
cycloalkyl group or a naphthyl group, provided that two Riss may
be bonded to each other to thereby form a ring. A heteroatom may
be introduced in the ring skeleton formed by the mutual bonding
of two Riss. The heteroatom introduced in the ring skeleton is
preferably nitrogen, oxygen or sulfur, more preferably oxygen or
sulfur, and most preferably oxygen.

In the formula, 1 is an integer of 0 to 2, and

r is an integer of 0 to 8.

Preferred particular examples of the cation structures of

general formula (ZI-1) are shown below.
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The cation structure

refers to the structure of

(z1-2)

below.

(Z2T-2)

general formula

(ZI_Z) I;

In general formula
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X132 represents an oxygen atom, a sulfur atom or any of the
groups of the formula -NRa;-, in which Ra; represents a hydrogen
atom, an alkyl group, a cycloalkyl group, an aryl gfoup or an acyl
group.

Each of Ra,; and Ra; independently represents an alkyl group,
a cycloalkyl group, an alkenyl group or a naphthyl group, provided
that Ra; and Raz may be bonded to each other to thereby form a ring.

Ray, or each of Rays independently, represents a:anovalent
group.

In the formula, m is an integer of 0 to 3.

Substitutionwith any of -S"(Ra;) (Ras) groups and m Ras groups
may occur at any afbitrary one of the carbon atoms constructing
the 6-membered ring and 5-membered ring containing X:., in general
formula (zI-2).

Preferred particular examples of the cations in the

compounds of general formula (ZI-2) are shown below.

+

The cation structure (ZI-3) refers to the structure of

general formula (ZI-3) below.
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(Ra1)n1

N s® (21-3)
(Raz)n2—F P i—(R43)n3

.In general formula (ZI-3), each of R4 to R independently
represeﬁts an alkyl group, an acetyl group, an alkoxy group, a
carboxyl group, a halogen atom, a hydroxyl group or a hydroxyalkyl
group.

As the alkyl groups and alkoxy groups represented by Ry; to
R4z, there can be mentioned those set forth above in cénnection
with Riz to Ris in general formula (zI-1).

The hydroxyalkyl group is preferably a hydroxymethyl group,
a hydfoxyethyl group, a hydroxypropyl group or the like.

In the formula, nl is an integer of 0 to' 3, preferably 1

or 2 and more preferably 1;

n2 is an integer of 0 to 3, preferably 0 or 1 and more
preferably 0; and

n3 is an integer of 0 to 2, preferably 0 or 1 and more
preferably 1.

Substituents may further be introduced in the groups
represented by Rs1 to Ry3. As optionally introduced further
substituents,therecanben@ntionedthosesetforthaboveasbeing
optionally introduced in the groups represented by Ri3 to Ris in
general formula (ZI-1).

Preferred particular examples of the cations in the

compounds of general formula (ZI-3) are shown below.
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Among the cation structures of general formulae (ZI-1) to

@
®

®
i;g;
=/®
£
[e]
F
W/
[9)

T@J

(ZI-3), the structures of general formulae (2I-1) and (2I-2) are

preferred. The structure of general formula (ZI-1) is more

‘preferred.

The groups (ZA-1-2) will be described below.

The groups (ZA-1-2) refer to the groups of general formula
(ZA-1) wherein each of Rz01 to Ryps independently represents an
organic group containing no aromatic ring. Herein, the aromatic
ring includes one containing a heteroatomn.

Each of the organic groups containing no aromatic ring
represented by R201 to Rzo3 generally has 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms.

The groups (ZA-1-3) will be described below.

The groups (ZA-1-3) refer to the groups of the following

general formula, each having a phenacylsulfonium salt structure.
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@4 e
| R3C
Ry RGC
RsC R4C
(ZA-1-3)

In general formula (ZA¥1—3) , each of Rj. to Rsc independently
represents a hydrogen atom, an alkyl group, a cycloalkyl group,
an alkoxy group, a phenylthio group or a halogen atom.

Each of Re. and R7. independently represents a hydrogen atom,
an alkyl group or a cycloalkyl group.

Each of Rx and Ry independently represents an alkyl group,
a cylealkyl group, an allyl group or a vinyl group.

Any'th or more Of Ric to Rse, and Rg:. and Rs., and Rx and Ry
may be bonded to each other to thereby form a ring structure. This
ring'structurelnay'cbntain.an.oxygen.atonh a;sulfur"atonh an ester
bond or an amide bond. As the group formed by bonding of any two
or more Of Ric to Rse, and Rec and Ry, and Rx and Ry, there can be
mentioned a butylene group, a pentylene group or the like.

Now, general formula (zZXI) will be described.

In general formula (ZXI), each of Rjps and Rayos indépendently
represents an aryl group, an alkyl group or a cycloalkyl group.
Substituents may be introduced in these aryl, alkyl and cycloalkyl
groups.

Preferred examples of the aryl groups representéd by Razos
and Rpos are the same as set forth above in connection with Ryo;

to Ryp3 with respect to the compounds (ZI-1).
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As preferred examples of the alkyl groups and cycloalkyl
groups represented by Ryps and R,os, there can be mentioned the
linear or branched chains and cycloalkyl groups set forth above
in connection with Ryp; to Ryo3 with respect to the compounds (ZI-2).

In anbaspect of the present invention, the compounds (B)

are expressed by'general'formula (II) below.

Rf O \
z—Hx, @
H

In formula (II),

Rf’ represents a fluorine atom or a perfluoroalkyl group
having 1 to 4 carbon atoms.

X; represents a monovalent organic group having at least
one carbon atom.

Z represents a moiety that when exposed to actinic.rays or
radiation, is converted to a sulfbnic acid group, an imidic acid
group or a methide acid group.

Generai formula (II) will be described in detail below.

Z in general formula (IT) has the same meaning as that of
the above-mentioned Z in general formula (I).

As mentioned above, Rf’ represents a fluorine atom or a
perfluoroalkyl group having 1 to 4 carbon atoms. In an aspect
of the present invention, a fluorine atom is preferred.

In an aspect of the present invention, the organic group
represented by X; is the substituent represented by X;; in general
formula (Ia) above. |

In a further aspect of the present invention, the organic



10

15

20

25

WO 2014/104400 . 36 - PCT/JP2013/085328

group represented by X; is either *-OR; or *-NR4Rs. In the formulae,
* represents a position of bonding to the carbonyl group in general
formula (II). R3; represents an alkyl group, a mono- or
bolycycloalkyl group, an alkenyl group, .an oxoalkyl group, an
oxocycloalkyl group, an aryl group, an aralkyl group, a lactone
group or a sultone group. Each of Ry and Rs independently
represents a hydrogen atom, an alkyl group, a mono- or
polycycloalkyl group, an alkenyl group, an oxoalkyl group, an
oxocycloalkyl grbup, an aryl group, - an aralkyl group, a lactone
group or a sultone group, provided that R; and Rs are not

simultaneously hydrogen atoms. R, and Rs may be bonded to each

‘other to thereby form a ring structure in cooperation with the

nitrogen atom to which R, and Rs are bonded.

Particular examples and preferred forms of R;, Rs and Rs are
the same as set forth above in connection with R;, Ry and Rs in
general formula (I).

In an aspect of the present invention; the compounds (B)

are expressed by general formula (IIa) below.

Rfa O
| Za_l—_'“_XZa (lla)
H

In the formula,

Rfa represents a fluorine atom or CF;.

X2a represents an alkyl group, a cycloalkyl group, an alkoxy
group, a cycloalkyloxy group, an aryloxy group, an
adamantylmethyloxy group, an adamantylcarbdnyl group, an

oxocycloalkyl group, an oxocycloalkyloxy group or *-NR4.,Rs, in
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which * represents a position of bonding to the carbonyl groﬁp
ingeneralformula(IIa)above,andeachoffhaandfgaindependently
represents an alkyl group or a cycloalkyl group, provided that
Rsa and Rsa may be bonded to each other to thereby form a ring
structure in codperation with the nitrogen atom to which R4, and
Rs, are bonded.

Z, represents a moiety that when exposed tb actinic rays
or radiation, is converted to a sulfonic acid group, an imidic
acid group or a methide acid group.

Particular examples of the groups represented by X,s are the
same as set forth above in connection with R;, R; and Rs.
Substituents may be introduced in the groups represented by Xi,.
Introducible substituents are the same as set forth above in
connection with R3; R; and Rs.

Za has the same meaning as that of the above-mentioned 2%
in general formula (I).

Particular examples of the acid anions generated by the
decomposition upon exposure to actinic rays or radiation of

compounds (B) are shown below.
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Particular examples of the compounds (B) are shown below.
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In an aspect of the present invention, the acid generated

upon exposure to actinic rays or radiation by the compounds (B)
5 of general formula (I) contains one fluorine atom.
Also, in an aspect of the present invention, the compounds

(B) of general formula (I) each contains one fluorine atom.

In the composition of the present invention, one type of

compound (B) above may be used alone, or two or more types thereof
10 may be used in combination. The content of compound (B) in the

composition of the present invention is preferably in the range

of 1 to 99 mass$%, more preferably 5 to 80 mass%, and further more

preferably 8 to 50 mass$%, based on the total solids of the
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composition.

[Acid geherator other than compound (B)]

In the present invention, the compound (B) may be used in
combination with an acid.generator (hereinafter also referred as
“compound (B’)” or acid generator (B’)) other than the compound
(B) . |

The compound (B’) is not particularly limited. As

preferred compounds (B’), there can be mentioned the compounds

of general formulae (ZI’), (ZII’') and (ZIII’') below.
Rz " Z7 7" ﬁ Ngﬁ
| + . gt
R201—S—Ra03 Ra04—I1—R0s Raos i ﬁ Rzo7
0] 0]
@) i i)

In general formula (ZI’') above,
each of Ryp1, Rz and Ryo3 independently represents an organic
group.

The number of carbon atoms of each of the organic groups

- represented by Rzp1, Rao2 and Ryp3 is generally in the range of‘l

to 30, preferably 1 to 20.

Two 0Of Rjp1 toO Rops may be bonded to each other to thereby

~form a ring structure, and the ring within the same may contain

an dxygen atom, a sulfur atom; an ester bond, an amide bond or
a carbonyl group. As the group formed by the mutual bonding of
two of Rjp1 to Rpp3, there can be mentioned an alkylene group (for
example, a butylene group or a pentylene group).

As the organic groups represented by Rio1, Rzoz2 and Rpp3, there

can be mentioned, for example, corresponding groups in the

- compounds (ZI’'-1) to be described hereinafter.
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Use can be made of a compound containing a plurality of
structures of general formula (ZI’'). For example, use can be made
of a compound with a structure in which at least one of Ryy toO
Ry03 0f a compound expressed by general formula (ZI’') is bonded
through a single bond or a connecting group to at least one of
Rz01 to Rag3 of another compound expressed by general formula (zI').

Z represents‘a nonnucleophilic anion (anion whose
capability of inducing a nucleophilic reaction is markedly low) .

As Z°, there can be mentioned, for example, a sulfonate anion
(an aliphatic sulfonate anion, an aromatic sulfonate anion, a
camphor sulfonate anion dr the like), a carboxylate anion (an
aliphatic carboxylate anion, an aromatic carboxylate anion, an
aralkyl carboxylate anion or the like), a sulfonylimide anion,
a bis(alkylsulfonyl)imide anion, a tris(alkylsulfonyl)methide
anion or the like.

The aliphatic moiety in the aliphatic sulfonate anion and
aliphatic carboxylate anion may be an alkyl group or a cycloalkyl
group, being prefefably a linear or branched alkyl group having

1 to 30 carbon atoms or a cycloalkyl group having 3 to 30 carbon

atoms.

As a preferred aromatic group in the aromatic sulfonate
anion and aromatic carboxylate anion, there can be mentioned an
aryl group having 6 to 14 carbon atoms, for example, a phenyl group,
a tolyl group, a naphthyl group or the like.

Substituents may be introduced in the above-mentioned alkyl
group, cycloalkyl group and aryl group. As particular examples

of the substituents, there can be mentioned a nitro group, a
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halogen atom such as a fluorine atom, a carboxyl group, a hydfbxyl
group, an amino group, a cyano group, an alkoxy group (preferably
havingltx>150arbonatoms),ac&cloalkylgroup(preferablyhaving
3 to 15 éarbon atoms), an aryl group (preferably having 6 to 14
carbon atoms), an alkoxycarbonyl group (preferably having 2 to
7 carbon atoms), an acyl group (preferably having 2 to 12 carbon

atoms), an alkoxycarbonyloxy group (preferably having 2 to 7

~carbon atoms), an alkylthio group (preferably having 1l to 15 carbon

atoms), an alkylsulfonyl group (preferably having 1 to 15 carbon
atoms), an alkyliminosulfonyl group (preferably having 2 to 15
carbon atoms), an aryloxysulfonyl group (preferably having 6 to

20 carbon atoms), an alkylaryloxysulfonyl group (preferably

having 7 to 20 carbon atoms), a cycloalkylaryloxysulfonyl group

(preferably having 10 to 20 carbon atoms), an alkyloxyalkyloxy
group (preferably having 5 to 20 carbon‘atoms), a
cycloalkylalkyloxyalkyloxy group (preferably having 8 to 20
carbon atoms) and the like. With respect to thé aryl group or
ring structure of each of these groups, as its substituent, there
can further be mentioned an alkyl group (preferably having 1 to
15 carbon atoms).

As a‘preferred aralkyl group in the aralkyl carboxylate
anion, there can be mentioned an aralkyl group having 7 to 12 carbon
atoms, for example, a benzyl group, a phenethyl group, a
naphthylmethyl group, a naphthylethyl group, a naphthylbutyl’
group or the like.

As the sulfonylimide anion, there can be mentioned, for
example, a saccharin anion.

The alkyl group in the bis(alkylsulfonyl)imide anion and
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tris(alkylsulfonyl)methide anion is preferably an alkyl group
having 1 to 5 carbon atoms. |

~In the bis(alkylsulfonyl)imide anion, two alkyl groups may
be connected to each other to thereby.fbrm an alkylene group
(preferably 2 to 4 carbon atomé), which may form a ring in
cooperation with the imide group and two sulfonyl groups.

As substituents that can be introduced in the abové alkyl
groups and alkylene group formed by the mutual connection of two
alkyl groups in the bis(alkylsulfonyi)imide anion, there can be
mentioned a halogen atom, van alkyl group substitutedwith a halogen
atoﬁq an alkoxy group, an alkylthio group, an alkyloxysulfonyl
group, an aryloxysulfonyl group, a cycloalkylaryloxysulfonyl
group and the like.

From the viewpoint of acid strength, it is preferred for
the pKa value of generated acid tobe -1 or below. This contributes
to an enhancement of sensitivity.

'The compounds (ZI’) can preferably be compounds (ZI’-1) to
be described below.

The compounds (ZI’-1) are arylsulfonium compounds of
general formula (ZI’') above in which at least one of Rop1 to Ryps
is an aryl group, namely, compounds each comprising an
arylsulfonium as a cation.

In the arylsulfonium compounds, all of Ryp to Ryo; may be
aryl groups. Alternatively, Rjzo to Ryo3; may be an aryl group in
part and an alkyl group or a cycloalkyl group in the remainder.
All of Ryp1 tO Raps being aryl groups is preferred.

As the arylsulfonium compounds, there can be mentioned, for

example, a triarylsulfonium compound, a diarylalkylsulfonium
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compound, an aryldialkylsulfonium compound, a
diarylcycloalkylsulfonium compound and an
aryldicycloalkylsulfonium cbmpound. A triarylsulfonium
compound 1is preferred.

The aryl group in the arylsulfonium compounds is preferably
a phenyl group or a naphthyl group, more preferably a phenyl group.
The aryl group may be one with a heterocyclic structure containing
an oxygen atom, a nitrogen atom, a sulfur atom or the like. As
the heterocyclic structure, there can be mentioned a pyrrole
residue, a furan residue, a thiophene residue, an indole residue,
a benzofuran residue, a benzothiophene residue or the like. When
the aryléulfohium compound contains two or more aryl groups, the
two or more aryl groups may be identical to or different from each
other.-

The alkyl group or cycloalkyl group contained in the
arylsulfonium compounds according to necessity is preferably a
linear or branched alkyl group having 1 to 15 carbon atoms or a
cycloalkyl group having 3 to 15 carbon atoms. As such, there can
be mentioned, for example, amethyl group, an ethyl group, a propyl
group, an n-butyl group, a sec-butyl group, a t-butyl group, a
cyclopropyl group, a cyclobutyl group, a cyclohexyl group or the
like.

Each of the aryl groups, alkyl groups and cycloalkyl groups
represented by Ryp1 to Ryg; may contain as a substituent thereof
an alkyl group (for example, 1 to 15 carbon atoms), a cycloalkyl
group (for example, 3 to 15 carbon atoms), an aryl group (for
example, 6 to 14 carbon atoms), an alkoxy group (for example, 1

to 15 carbon atoms), a halogen atom, a hydroxyl group or a
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phenylthio group. Preferred substituents are a linear or
branched alkyl group having 1 to 12 carbon atoms, a cycloalkyl
group having 3 to 12 carbon atoms and a linear, bfanched or cyclic
aikoxy group having 1 to 12 carbon atoms. An alkyl group having
1 to 4 carbon atoms and an alkoxy group having 1 to 4 carbon atoms
are more preferred. Each of the substituents may be introduced
in any one of the three Ryp to Ry, Or alternatively may be
introduced in all of the three Rjp1 to Rzp3. When Rzo1 to Rygs
represent aryl groups, each of the substituents is preferably
introduced in the p-position of the aryl group.

General formulae (ZII') and (ZIII’') will be described below.

In general formulae (ZII’) and (ZIII’),

each of Ryps to Rygr independently represents an aryl group,
an alkyl group or a»cycloalkyl group.

The aryl groups, alkyl groups and cycldalkyl groups
represented by Ryps tO Ry are the same as set forth above in’
connection with Rjp; to Raps with.respeét to the compounds (zI’-1).

Substituents may be introduced in the aryl groups, alkyl
groups and cycloalkyl groups represented by Ryps to Rypy. As the
substituents, there can bementioned those set forth above as being
introducible in the aryl groups, alkyl groups and cycloalkyl
groups represented by Rjp: tO Ryo3 with respect to the compounds
(ZI7-1).

Z" represents a nonnucleophilic anion, which is the saﬁe
as set forth above in connection with Z™ in general formula (ZI').
As further acid generators (B’) that can be used in

combination with the acid generator according to the present

invention, there can be mentioned the compounds of general
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formulae (ZIV’'), (ZV’') and (ZVI’) below..

O
/u\ N/O—SOT—RNB
Ar3_302—SOZ‘Ar4 Rzog‘SOz—O—N A l
Y R R
v @V 0 210 209 (Zvr)

In general formulae (ZIV') to (zZVI'),

- each of Ar; and Ar, independently represents an aryl group.

Each of Rags, Rzoe and Rpip independently represents an alkyl
group, a cycloalkyl group or an aryl group.

A represents an alkylene group, an alkenylene group or an
arylene group.

Particular examples of the aryl groups represented by Ars,
Ary, Rapg, Ryo9 and Ry1g are the same as set forth above in- connection
with the aryl groups represented by Rae, Rz and Ries in general
formula (zZ21'-1).

Particular examples of the alkyl groups and cycloalkyl
groups represented by R2os, Rapg ahd Ry1p are the same as set forth
aboye‘in connection with the alkyl groups and cycloalkyl groups
represented by Rjp1, Raoz and Rpp; in general formula (zZI’-1).

As the alkylene group represented by A, there.can be
mentioned an alkylene group having.l to 12 carbon atoms (e.g.,
a methylene group, an ethylene group, a propylene group, an
isopropylene group, a butylene group, an isobutylene group or the
like). As the alkenylene group represented by A, there can be
mentioned an alkenylene group having 2 to 12 carbon atoms (e.g.,
anvethenylene group, a propenylene group, a butenylene group or
the like). As the arylene group represented by A, there can be

mentioned an arylene group having 6 to 10 carbon atoms (e.g., a
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&

phenylene group, a tolylene group, a naphthylene group or the
like).

Especially preferred examples of the acid generators (B’)
that can be used in combination with the acid generators

(B)
according to the present invention are shown below.
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When the compound (B) is used in‘combination with the
compound (B’), the mass ratio of used acid generator (compound
(B) /compound (B’)) is preferably in the range of 10/0 to 1/9, more
preferably 10/0 to 13/7 and further more preferably 10/0 to 5/5.

<Resin (A)>

The resin (A) 1s a resin whoseﬁpolarity is changed under
the action of an acid. The composition of the present invention
in its one form comprises a resin containing a group that when
acted on by an acid, is decomposed (hereinafter also referred to
as“resin(Al)")astheresin(A),andjjmitsanotherformcomprises
a resin containing a phenolic hydroxyl group (hereinafter also
referred to as “resin (A2)”) as the resin (a).

(1] Resin (Al) containing a group that when acted on by an
acid, is decomposed

The resin (Al) is a resin whose solubility in an alkali
developer is increased under the action of an acid, or whose

solubility in a developer comprising an organic solvent as its.
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main component is decreased under the action of an acid. The resin
(Al) contains a group (hereinafter also referred to as
“*acid-decomposable group”) that when acted on by an acid, is
deComposedtotherebyproduoeanalkali~solub1egroup,whichgroup
is introduced in the principal chain or a side chain, 'or both the
principal chain and a side chain, of the resin.

It is préferred for the resin (Al) to be insoluble of highly
insoluble in an alkali developer.

It is preferred for the acid—deéomposable group to have a
structure in which an alkali-soluble group is protected by a group
leaving by decomposition under the action of an acid.

As the alkali-soluble group, there can be mentioned a
phenolic hydroxyl group, a carboxyl group, a fluoroalcohol group,
a sulfonic acid group, a sulfonamido group, a sulfonylimido group,
an (alkylsulfonyl) (alkylcarbonyl)methylene group, an
(alkylsulfonyl) (alkylcarbonyl)imido group, a
bis(alkylcarbonyl)methylene group, a bis (alkylcarbonyl)imido
group, a bis(alkylsulfonyl)methylene group, a
bis(alkylsulfonyl)imido group, a tris(alkylcarbonyl)methylene
group, a tris(alkylsulfonyl)methylene group or the_like.

Preferred alkali-soluble groups include a carboxyl group,
a fluoroalcohol group (preferably a hexafluoroisopropanol group)
and a sulfonic acid group.

It is preferred for the acid-decomposable group to be -a group
resulting from the feplacement of a hydrogen atom of such an
alkali-soluble group with a group leaving under the action of an
acid. |

As the group leaving under the action of an acid, there can
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be mentioned, for example, -C(Riss) (R37) (R3g), -C(Rss) (R37) (OR3g),
~C(Ro1) (Roz2) (OR39) or the like. |
In the formulae, each of R3s £tO R3sg independeﬁtly'represents
an alkyl group, a cycloalkyl group, an aryl group, an aralkyl group
5 or an alkenyl group. R3¢ and R3; may be bonded to each other to
thereby form a ring.
Each of Ro; and Ro; independently represents a hydrogen atom,
. an alkyl group, a cycloalkyl group, an aryl group, an aralkyi group
or an alkenyl group.

10 It is preferred for the acid-decomposable group to be a cumyl
ester group, an enol ester group, an acetal ester group, a tertiary
alky1 ester group or the like. A tertiary alkyl ester group is
more preferred.

The repeating unit containing an acid-decomposable group

15 that can be introduced in the resin (Al) is preferably any of

repeating units of general formula (AI) below.

Xa1

'In general formula (AI),
20 '~ Xa; represents a hydrogen atom or an optionally substituted
alkyl group.
T represents a single bond or a bivalent connecting group.
Each of Rx; to Rx3 independently represents an alkyl group

(linear or branched) or a cycloalkyl group (mono- or polycycle).
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Any two of Rx; to Rx3; may be bonded to each other to thereby
form a cycloalkyl group (mono- or polycycle).

As the optionally substituted alkyl group represented by
Xa;, there can be mentioned, for example, a methyl group or any
of groups of the formula -CH;-R;;. R;; represents a halbgen atom
(e.g., a fluorine atom), a hydroxyl group or a monovalent organic
group. Ri; is, for example, an alkyl group having up to 5 carbon
atoms or an acyl group having up to 5 carbon atoms, preferably

an alkyl group having up to 3 carbon atoms, and more preferably

a methyl group. It is preferred for Xa, in its one form to be a

hydrogen atom, a methyl group, a trifluoromethyl group, a
hydroxymethyl group or the like.

As the bivalent connecting group represented by T, there
can be mentioned an alkylene group, any of groups of the formula
-CO0-Rt-, any of Qroups of the formula -O-Rt- or the like. In

the formulae, Rt represents an alkylene group or a cycloalkylene

‘group.

T is preferably a single bond or any of groups of the formula
-COO-Rt-. Rt is preferably an alkylene group having 1 to S carbon
atoms, more preferably a —-CHy- group, a - (CHy),- group or a — (CHy) 3-
group.

The alkyl group represented by eéch of Rx; to Rx; is
preferably one having 1 to 4 carbon atoms, such as a methyl group,
an ethyl group, an n-propyl group, an isopropyl group, an n-butyl
groﬁp, an isobutyl group or a t-butyl group.

The cYcloalkyl group represented by each of Rx; to Rx3; is -
preferably a monocycloalkyl group, such as a cyclopentyl group

or a cyclohexyl group, or a polycycloalkyl group, such as a
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norbornyl group, a tetracyclodecanyl group, a
tetracyélododecanyl group or an adamantyl'group._

The cycloalkyl group formed by the mutual bonding of two
of Rx; to Rx; is preferably a monocycloalkyl group, sﬁch as a
cyclopentylgroup<nracyclohexylgroup,cn?apolycycloalkylgroup,
such as a norbornyl group, a tetracyclodecanyl group, a
tetracyclododecanyl group or an adamantyl group. A
monocycloalkyl gfoup having 5 or 6‘carbon atoms is especially
preferred.

In the cycloalkyl group formed by the mutual bonding of two
ofoltoRx3,forexample,onecﬁfthenethylenegroupsconstructing
the ring may be replaced by a héteroatom, such as an oxygen atom,
Or a group containing a heteroatom, such as a carbonyl group.

Inapreferred formof .the repeating units of general formula
(AI), Rx; is a methyl group or én ethyl group, and Rx; and Rx; are
bonded to each other to thereby form any of the above-mentioned
cycloalkyl groups. |

Substituents may be introduced in these groups. lAs the
substituents, there can be mentioned, for example, an alkyl group
(1 to 4f:arbon.atoms), a halogen atom, a hydroxyl group, an alkoxy
group (1 to 4 carbon atoms), a carboxyl group, an alkoxycarbonyl
group (2 to 6 carbon atoms) and the like. The number of cafbon
aﬁoms of each of these substituents is preferably up to 8.

Thecontentofrepeatinguhitscontainingacid—decomposable
groups in total, based on all the repeating units of the resin
(Al), is preferably in the range of 20 to 90 mol$%, more preferably
25 to 85 mol% and further more preferably 30 to 80 mol%.

Particularexamplesofpmeferredrepeatingunitscontaining
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acid-decomposable groups are shown below, which in no way limit
the scope of the present invention. |

In the particular examples, each of Rx and Xa; represents
a hydrogen atom, CH3, CF3; or CH,0H. Each.of Rxé and Rxb represents
an alkyl group having 1 to 4 carbon atoms. Z, of each of Z's
independently, represents a substituent containing a polar group.
In the formulae, p 1s 0 or a positive integer. As the substituent
containing a polar group represented by Z, there can be mentioned,
for example, a iinear or branched alkyl group or cycloalkyl group
each containing a hydroxyl group, a cyano group, an amino group,
an alkylamido group or a sulfonamido group. An alkyl group
containing a hydroxyl group is preferred.v The branched alkyl

group is most preferably an isopropyl group.
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The resin (Al) preferably comprises, for example, any of

repeating units of general formula (3) below as repeating units

of general formula (AI).
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o
(/’\\C"‘Raz

Ras

In general formula (3),

R3; represents a hydrogen atom or an aikyl group.

R32 represents a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n—bﬁtyl group, an isobutyl group
or a sec-butyl group.

R33 represents an atomic group required for forming a
monoalicyclic hydrocarbon structure in cooperation with the
carbon.aton}to‘which R3z is bonded. 1In the alicyclic hydrocarbon
structure, the carbon atoms constructing the ring may partially
be replaced by a heteroatom or a group containing a heteroatom.

A substituent may be introdﬁced in the alkyl group
represented by R3;. The substituent is, for example, a fluorine
atom or a hydroxyl group.

R31 is preferably a hydrogen atom, a methyl group, a
trifluoromethyl group or a hydromeethyl group. |

R3z is preferably a methyl group, an ethyl group, an n-propyl A
group or an isopropyl group. Rj; is more preferably a methyl group
or an ethyl group.

The monoalicyclic hydrocarbon structure formed by R;; in
cooperation with the carbon.atonlis preferably a 3; to 8-membered
ring, more preferably a 5- or 6-membered ring.

In the monoalicyclic hydrocarbon structure formed by R3; in
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cooperation with the carbon atom, the heteroatom as a constituent

of .the ring is, for example, an oxygen atom or a sulfur atom. As

the group containing a heteroatom, there can be mentioned a

carbonyl group or the like. Preferably, the group containing a
5 heteroatom is not an ester group (ester bond).

It is preferred for the monoal.icyclic hydrocarbon structure
formed by R33 in cooperation with the carbon atom to be comprised
only of a carbon atom and a hydrogen atom. |

The repeating units of general formula (3) are preferably

10 repeating units of general formula (3’) below.

Raz

In general formula (3’), R3; and Ri3; are as defined above ‘
in connection with general formula (3).
15 Nonlimiting particular examples of the repeating units with

the structure of general formula (3) are shown below.
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The content of repeating unit with the structure of general
'formula (3), based on all the repeating units of the resin (Al),v
is'preferably in the range of 20 to 80 mol%, more preferably 25
to 75 mol% and further more preferably 30 to 70 mol%.

Further preferably, the resin (Al) is a resin comprising,
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as the repeating units of general formula (AI), for example, at
least any of the repeating units of general formula (I) below and

repeating units of general formula (IT) below.

5 0 )

In general formulae (I) and (II),

each ofIh_andIﬁ independently represents a hydrdgen.atom,
anboptionally substituted methyi'group or any of groups of the
formula -CH;-Ri;. Ris représents a monovalent organic group.

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

R represents an atomic group required for forming an
alicyciic structure in cooperation with the carbon atom to which
Ry is bonded.

15 Each of R; and R; is preferably a,hydrogen atom, a methyl
group, a trifluoromethyl group or a hydroxymethyl group.
Particular éxamples and preferred examples of the monovalent
organic groups represented by Ri;; are the same as set forth above
in connectidn with R;; in general formula (AI).

20 The alkyl group represented by R; may be linear or branched,
and a substituent may be introduced therein.

The cycloalkyl group represented by R, may be‘monocyclic
or polycyclic, and a substituent may be introduced therein.

R; is preferably an alkyl group, more preferably an alkyl
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group having 1 to 10 carbon atoms, further more preferably 1 to
5 carbon atoms. As examples thereof, there can be mentibned a
methyl group, an ethyl groﬁp and the like.

R represents an atomic group required for forming an
alicyclic structure in cooperation with the carbon atqm. The
alicyclic strﬁcture formed by R in cooperation with the carbon
atom is preferably a monoalicyclic stfucture, which preferably
has 3 to 7 carbon atoms, more‘preferably 5 or 6 carbon atdms.

Rz 1s preferably a hydrogen»atom or a methyl group, more
preferably a methyl group.

Each of the alkyl groups represented by Rs;, Rs and Rg may
be linear or branched, and a substituent may be introduced therein.
The alkyl groups aré.preferably those each having 1 to 4 carbon
atoms, such.as a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group and a
t-butyl group.

Each of the cycloalkyl groups represented by Rs, Rs and Rg
may be monocyclic or polycyclic, and a substituent may be |
introduced therein. The cycloalkyl groups are preferably a
monocycloalkyl group, such as a cyclopentyl group or a cyclohexyl
group, and a polycycloalkyl group, such as a norbornyl group, a
tetracyclodecanyl group, a tetracyclododecanyl group or an
adamantyl group. | c

The substituents introducible in these groups are the‘same

as set forth above in connection with the groups in general formula

(AT).

It is preferred for the acid-decomposable resin to be a resin

comprising any of repeating units of general formula (I) and any
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of repeating units of general formula (II) as the repeating units
of general formula (AI).

The acid-decomposable resin in another form thereof is
preferably a resin comprising at least two of repeating units of
general formula (I) as the repeatingunits of general formula (AI).
When the acid-decomposable resin comprises at least two of
repeating units of general formula (I), it is preferred for the
acid-decomposable resin to comprise both a repeating unit with
an alicyclic structure wherein the alicyclic structure formed by
R in cooperation with the carbon atom is monocyclic and a repeating
unit with an aiicyclic structure wherein the alicyclic structure
formed by R in cooperation with the carbon atom is polycyclic.
The monoalicyclic structure preferably has 5 to 8 carbon atoms,
more pre,fera‘bly 5 or 6 carbon atoms and most preferably 5 cérbon
atoms. The polyalicyclic structure is preferably a norbornyl
groﬁp, a tetracyclodecanyl group, a tetracyclododecanyl group or
an adamantyl group.

The resin (Al) may comprise one type of repeating unit
containing an acid-decomposable group, or may comprise two or more

types thereof in combination. When two or more types thereof are.

- used in combination, the following combinations are preferred.

In the formulae, each of R’s independently represents a hydrogen

atom or a methyl group.



PCT/JP2013/085328

WO 2014/104400

in its one form preferably comprises a

(Al)

The resin

repeating unit with a cyclic carbonic ester structure.

This

cyclic carbonic ester structure is a structure with a ring
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containing the bond of the formula -0-C(=0)-0- as an atomic gréup
constructing a ring. The ring containing the bond of the formula
-0-C(=0)-0- as an atomic group constructing a ring is preferably
a 5- to 7-membered ring, most preferably a 5-membered ring. This
ring may be condensed with another ring to thereby form a condensed
ring.

It is preferredbfor the resin (Al) to contain a repeating

unit with a lactone structure or a sultone (cyclosulfonic ester)

structure.

Lactone and sultone groups are not particularly limited as
longaslactoneandsultonestructuresarecontainedrespectively.

A 5- to 7-membered ring lactone or sultone structure is preferred,

and one resulting from the condensation of a 5- to 7-membered ring

lactone or sultone structure with another cyclic structure
effected in a fashion to form a bicyclo structure or spiro

structure is also preferred. More preferably, the resin

comprises a repeating unit with any of the lactone and sultone

structures of general formulae (LC1-1) to (LC1-17) and (SL1-1)
and (SL1-2) below. The lactone or sultone structure may be

directly bonded to the principal chain of the resin. Preferred
lactone and sultone structures are those of formulae (LC1l-1),
(LC1-4), (LC1-5) and (LC1-8). Lactone structure (LCl-4) is more
preferred. Using these specified lactone and sultone structures

enhances LWR characteristic and reduces development defects.
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A substituent (Rb;) is optionally introduced in the portion

of the lactone or sultone structure. As preferred substituents

- (Rbz), there can be mentioned an alkyl group having 1 to 8 carbon

atoms, a cycloalkyl group having 4 to 7 carbon atoms, an alkoxy
group having 1 to 8 carbon atoms, an alkoxycarbonyl group having
2 to 8 carbon atoms, a carboxyl group, a halogen atom, a hydroxyl
group, a cyano group, an acid-decomposable group and the like.
An alkyl group having 1 to 4 carbon atoms, a cyano group and an
acid-decomposable group are more preferred. In the formulae, n,

is an integer of 0 to 4. When n; is 2 or greater, the plurality
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of introduced substituents (Rb;) may be identical to or different
from each other. Further, the plurality of introduced
substituents (Rb;) may be bonded to each other to thereby form
a ring.

It is preferred for the resin (Al) to comprise a repeating
unit with any of lactone and sultone structures of general formula

(ITII) below.

Ry

A

\(ARo""Z)n"Rg

In formula (III),

A represents an ester bond (group expressed by -CO0-) or
an amide bond (group expressed by -CONH-) .

Ro, or each of Rgs independently, represents an alkylene
group, a cycloalkylene group or a combination thereof.

Z, or each of Z's independently, represents a single bond,
an ether bond, an ester bond, an amide bond, any of urethane bonds
of the formula:

iR R
(—o—N— xi3 —NLo—cxsnzm

or any of urea bonds of the formula:

R IR
(—N N—TRINZE)

in which each of R’s independently represents a hydrogen
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atom, an alkyl group, a cycloalkyl group or an aryl group.

Rg represents a monovalent organic group with a lactone
structure or sultone structure.

In the general formula, n is the number of repetitions of
the structure -Ryo-Z-, being an integer of 0 to 2.

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

Substituents may be introduced in the alkylene group and
cycloalkylene group represented by Rg.

Z is preferably an ether bond or an ester bond, most
preferably aﬁ ester bond.

The alkyl group represented by R; is preferably an alkyl.
group having 1 to 4 carbon atoms, more preferably a methyl group
or an ethyl group and most preferably a methyl group.
Substituents may be introduced in the alkylene group and
cycloalkylene group represented by Ry and alkyl group represented
by R;. As substituents, there can be mentiohed, for example, a
halogen atom, such as a fluorine atom, a chlorine atom or a bromine
atom; a mercapto group; a hydroxyl group; an alkoxy group, such
as a methoxy group, an ethoxy group, an isopropoxy group, a
t—bﬁtoxy group or a benzyloxy group; an acetoxy group, such as
an acetyloxy group or a prepionyloxy group. Ry is preferably a
hydrogen atom, a methyl group, a trifluoromethyl group or a
hydroxymethyl group.

The chain alkylene group represented by Ry is preferably
a chain alkylene having 1 to 10 carbon atoms, more preferably 1
to 5 carbon atoms, for example, a methylene group, an ethylene

group, a propylene group or the like. The cycloalkylene group
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is preferably a cycloalkylene having 3 to 20 carbon atoms.» As
such, there can be mentioned, for example, a cyclohexylene group,
a cyclopentylene group, a norbornylene group, an adamantylene
group or the like. The chain alkylene groups are preferred from
the viewpoint of the exertion of the effect of the present
invention. A methylene group is most preferred.

The monovalent organic group with a lactone structure or
sultone structure represented by Rg is not limited as long as a
lactone structure or sultone structure is contained. As
particular examples thereof, there can be mentioned the lactone
structures and sultone structures of general formulae (LCl-1) to
(LC1417) and (SL1-1) and (SL1-2) above. Of these, the structure
of general formula (LCl-4) is most preferred. In the general
formulae (LC1l-1) to (LC1-17) and (SL1-1) and (SL1-2), n, is
preferably 2 or less.

Rg is preferably a monovalent organic group with an
unsubstituted lactone structure or sultone structure, or a
monovalent organic group with a lactone structure or sultone
structure substituted with a methyl group, a cyano group or an
alkoxycarbonyl group. Morepreferably,RgiSEimonQvalentorganic
Qroup with a lactone structure substituted with a cyano group
(cyanolactone) or a sultone structure substituted with a cyano
group (cyanosultone).

In general formula (ITII), n is preferably 1 or 2.

Specific examples of the repeating units containing the
groups with a lactone structure or sultone structure of general
formula (III) are shown below, which in ﬁé way limit the scope

of the present invention.
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In the following specific examples, R represents a hydrogen
atom, an optionally substituted alkyl group or a halogen atom.
Preferably, R is a hYdrogen.atonp a methyl group, a hydroxymethyl
group Or an acetoxymethyl group.

5 In the following formulae, Me represents a methyl group.

o o ) (o) 0 0O o) 0 0] ()
0 O 0 0
O .
O 0O OMe (o] ]
Q |
O
CN
(0] 0O O
o~ ° o~ ©° o 0

- The repeating units with a lactone structure or sultone
structure are preferably repeating units of general formulae

10 (ITI-1) and (III-1’) below.

0—5—=0

Al X'
" (R).,
I

(1-1) (-1 o}

In general formulae (III-1) and (III-1'),
R7, A, Ro, Z and n are as defined above in connection with

15 general formula (III).

R7’, A", Ro’, Z’ and n’ are respectively the same as Ry, A

’

Ro, Z and n in general formula (III) above.
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IQ, or each of Rgs independentlyy‘represents an alkyl group,
a cycloalkyl group, an alkoxycarbonyl group, a cyano group, a
hydroxyl group or an alkoxy group, provided that any two of two
or more Rgs may be bonded to each other to thereby form a ring.

Re’, or each of Ry’ s independently, represents an alkyl group,
a cycloalkyl group, an aikoxycarbonyl group, a cyéno group, a
hydroxyl group or an alkoxy group, provided that any two of two
or more Rg’s may be bonded to each other to thereby form a ring.

Each of X and X’ independently represents an alkylene group,
an oxygen atom or a sulfur atom.

Each of m and m’ means the number of substituents, béing
independently an integer of 0 to 5, preferably 0 or 1.

Each of the alkyl groups represented by Ry and Ry’ is
preferably an alkyl group having 1 to 4 carbon atoms, more
preferably a methyl group or an ethyl group and most preferably
a methyl group. As the cycloalkyl group, there can be mentioned
a Cyclopropyl group, a cyclobutyl group, a cyclopentyl group or -
a cyclohexyl group. As the alkoxycarbonyl group, there can be

mentioned a methoxycarbonyl group, an ethoxycarbonyl groﬁp, an

n-butoxycarbonyl group, a t-butoxycarbonyl group or the like. As

the alkoxy group, there can be mentioned a methoxy group, an ethoxy
group, a propoxy Jgroup, an isopropoxy gfoup, a butbxy group or
the like. Substituents may be introduced in these groups. As
such substituents, there can be mentioned a hydroxyl\group; an
alkoxy group, such as a methoxy group or an ethoxy group; a cyano
group; and a halogen atom, such as a fluorine atom. Each of Ry

and Ry’ is preferably a methyl group, a cyano group Or an

alkoxycarbonyl group, more preferably a cyano group.
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As the alkylene groups represented by X and X’, there can
be mentioned a methylene group, an ethylene group and the like.
Each of X and X' is preferably an oxygen atom or a methylene group,
more preferably a methylene group.

When m or m’ is 1 or greater, it is preferred for the
substitution with at least one Ry or Rg’ to take place at the o-
or B—pésition to the carbonyl group of the lactone or sulfonyl
group of the sultone. The substitution at the a-position is
especially preferred.

Particular examples of the repeating units with a lactone
structure or sultone structuré_of general formulae (III-1) and
(ITI-1’) are shown below, which ih no way limit the scope of the
present invention. In the particular examples, R represents a
hydrogen atom, an optionally substituted alkyl group or a halogen
atom. Préferably, R is a hydrogen atom, a methyl group, a

hydroxymethyl group or an acetoxymethyl group.
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The content of repeating unit expressed by general formula

5 (ITTI) or repeating units expressed by general formula (III) in
total, based on all the repeating units of the resin/(Al), is
preferably in the range of 15 to 60 mol%, more preferably 20 to

60 mol% and further more preferably 30 to 50 mol%.
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The resin (Al) may comprise any of the above'—mentioned
repeating units with a lactone structure or sultone structure
other than the repeating units of general formula (III).

Particular examples of repeating units containing a lactone

5 group or sultone group, in addition to the above particular
examples, are shown below, which in no way limit the scope of the
present invention. In ﬁhe particular examples, Rx represents H,

CH3, CH,OH or CFj.

10 0 O 0o



- 81 - PCT/JP2013/085328

WO 2014/104400

©)

OMe




WO 2014/104400 . 89 PCT/JP2013/085328

Rx Rx Rx
—tom, R"_)_ —fCHz—Rg—())— —(—cmgw—z)— -(cn,%—)— ‘{'c’ﬁ%—)‘ *('%%")"
© —+<mc H

Rx - Rx Rx

Rx Rx Rx
i I T o T R o
HOOC Me HyCO,SHNO

Especially preferred repeating units among the above
particular examples are the following. Selection of the most
appropriate lactone group or sultone group enhances the pattern

5 profile and iso/dense bias. In the particular examples, Rx

represents H, CHz, CH;OH or CFj;.

Rx Rx Rx Rx /kf Rx
% k()jo O (0] kojo (0] (0] /ij/j:)
CN
© & © O O (o) @] o)
0 O 0
RX Rx % /ijf/
/ijil 0 0 o o o O OoMe
COOMe
o} o) 5 i
(0]

10 . The repeating unit containing a lactone group or sultone
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group is generally present in the form of optical isomers. Any
of the optical isomers may be used. It is both appropriate to
use one type of optical isomer alone and to use a plurality of
optical isomers in the form of a mixture. When one type of optical
isomer is mainly used, the optical pﬁrity (ee) thereof is
preferably 90% or higher, more preferably 95% or higher.

The content of repeating unit with a lactone structure or
sultone structure other than the repeating units of general
formula (III) or repeating units each with a lactone structure
or sultone structure other than the repeating units of general
formula (III) in total, based on all the repeating units of‘the
resin, is preferably in the range of 15 to 60 mol%, more preferably
20 to 50 mol% and further more preferably 30 to 50 mol%.

- In order to enhance the effect of the present invention,

two or more types of lactone or sultone repeating units selected

from among those of general formula (ITI) can be used in

combination. In such a combination use, it is preferred to select
two or more types from among the lactone or sultone repeating units
of general formula (III) in which n is 1 and use them in
combination.

It is preferred for the resin (Al) to comprise a repeating
unit containing a hydroxyl group or a cyano group other than the
repeating units of general formulae (AI) and (III). This enhances
the adhesion to substrate and developer affinity. The repeating
unit containing a hydroxyl group or a cyano group is preferably
a repeating unit having an alicyclic hydrocarbon structure
substitutedwith a hydroxyl group or a cyano group, which repeating

unit preferably contains no acid-decomposable group. In the
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alicyclic hydrocarbon structure substituted with a hydroxyl group
or a cyano group, the alicyclic hydrocarbon structure is
preferably an adamantyl group, a diamantyl group or a norbornane
group. The alicyclic hydrocarbon structure substituted with a
5 hydroxyl group or a cyano group is preferably any of the partial

structures of general formulae (VIIa) to (VIId) below.

ch @&C ch R4C ch‘%R‘c @
. 2C
Rsc :

(VI1a) (VIIb)  (VIIe) (VIiId)

In general formulae (VIIa) to (VIIc),
10 each of Ryc to Ryc independently represents a hydrogen atom,
a hydroxyl group or a cyano group, provided that at least one of
RaC to Ryc represents a hydroxyl group or a cyano group. Preferably,
one or two of Rz;c to Rsc are hydroxyl groups and the'remainders
are hydrogen atoms. In general formula (VIIa), more preferably,
15 two of Ryc to Ryc are hydroxyl groupsiand the remainders are hydrogen
atoms.
As the repeating units with any of the partial structures
of general formulae (VIIa) to (VIId), there can be mentioned the

repeating units of general formulae (AIIa) to (AIId) below.
20

R1C R‘c R|C ’ ch

"CO0 co coo«-{)l
OOQR#: CN
ch Rzc Ry Rq4C
Rq4C
‘ Rsc .
Ryc '

(AL1a) (AI1b) (ATle)  (Alld)
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In general formulae (AIIa) to (AIId),
Ric represents a hydrogen atom, a methyl group, a
trifluoromethyl group or a hydroxymethyl group.
Rz;C to Rsc have the same meanings as those of Ryc to Rysc in
5 general formulae (VIIa)'to (VIIc).
The content of repeating unit containing a hydroxyl group
or a cyano group, based on all the repeating units of the resin
(Al), is preferably in the range of 5 to 40 mol%, more preferably
5 to 30 mol% and further moreApreferably 10 to 25 mol%.
10 Specific examples of the repeating units each containing
a hydroxyl group or a cyano group are shown below, which in no

way limit the scope of the present invention.

o o e o

AP (> G S ¢
{;ﬁo_@*ﬁo_{hoo,ﬁj 0™ 0 9% 0T
OH
o oH OH
15 The resin (Al) for use in the actinic-ray- or

radiation-sensitive resin composition of the present invention
may comprisé a repeating unit containing an alkali-soluble group.
As the alkali-soluble group, there can be mentioned a carboxyl
group; a sulfonamido group, a sulfonylimido group, a

20 bissulfonylimido group or an aliphatic alcohol substituted at its
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o-position with an eleCtron-withdrawing group (for example, a
hexafluoroisopropanol group). It is preferred for the resin to
comprise a repeating unit containing a carboxyl group. The
inéorporatioh.of the repeating unit containing an alkali-soluble
group increases the resolution in contact hole usage. The
repeating unit containing an alkali-soluble group is preferably
any of a repeating unit wherein the alkali-soluble group 1is
directly bonded to the prihcipal chain of a resin, such as a
repeating unit of acrylic acid or methacrylic acid; a repeating
unit wherein the alkali-soluble group is bonded via a connecting
group to thé principal chain of a resin; and a repéating unit
wherein the alkali-soluble group is introduced.in-a terminal of
a polymer chain by the use of a chain transfer agent or
polymefization.initiator containing the alkali-soluble group in
the stage of polymerization. The connecting group may have a
mono- or polycyciohydrocarbon structure. The repeating unit of
acrylic acid or methacrylic acid is especially preferred.

The content of'repeating'unit containing an alkali-soluble
group, based on all the repeating units of the resin (Al), is
preferably in the range of 0 to 20 mol%, more preferablyIB to 15
mol% and further more preferably 5 to iO mol%.

Specific examples of the repeating units each containing
an alkali-soluble group are shown below, which in no way limit
the scope of the present invention.

In the specific examples, Rx represents H, CH3', CH,0H or CFs.
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R @;@z @zﬂ@ﬁ%

NHS0,CH; SO,CH, O

COZH
CF,

OH
Fs
F3 F3c OH

The resin (Al) according to the present invention can

further comprise a repeating unit having an alicyclic hydrocarbon

structure in which none of polar groups (for example, the
‘5 above-described alkali-soluble group, a hydroxyl group, a cyano
group and the like) is introduced and exhibiting no
acid-decomposability. ’As such a repeating unit, there can be

mentioned any of repeating units of general formula (IV) below.

Ra
¥ (IV)
9] (@)

|
10 Rs _

In general formula (IV) above, Rs represents a hydrocarbon

group having at least one cyclic structure in which no polar group

is introduced.

Ra represents a hydrogen atom, an alkyl group or a group

15 of the formula -CH;-O-Ra,. In this formula, Ra; represents a

hydrogen atom, an alkyl group or an acyl group. Ra is preferably

a hydrogen atom, a methyl group, a hydroxymethyl group or a

trifluoromethylgroup,mostpreferablyfihydrogenatomcn?anethyl

group.
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The cyclic structurés introduced in Rs include a monocyclic -
hydrocarbon group and a polycyclic hydrocarbon group. As the
monocyclichydrocarbongroup,therecanbenmmtioned,forexample,
a cycloalkyl group having 3 to 12 carbon atoms, such as a
cyclopentyl group, a cyclohexyl group, a cycloheptyl group or a
cyclooctyl group, or‘a cycloalkenyl group having 3 to 12 carbon
atoms,vsuch.as a cyclohexenyl group. Preferably, the monocyclic
hydrocarbon group is a monocyclic hydrocarbon group having 3 to
7 carbon atoms. A cyclopentyl group and a cyclohexyl group are
more preferred.

The polycyclic hydrbcarbon groups include ring-assembly
hydrocarbon groups and crosslinked-ring hydrocarbon groups.
Examples of the ring-assembly hydrocarbon groups include a
bicyclohexyl group and a perhydronaphthalenyl group. As the
crosslinked-ring hydrocarbon rings, there can be mentioned, for
example, bicyclic hydrocarbon rings, such as pinane, bornane,
norpinane, norbornane and bicyclooctane rings (e.g.,
bicyclo[2.2.2]octane ring or bicyclo[3.2.1]octane ring) ;
tricyclic hydrocarbon rings, such as homobledane, adamantane,
tricyclo[5.2.1.0%%]decane and tricyclo[4.3.1.1%5]undecane
rings; and tetracyclic hydrocarbon rings, such as
tetracyclo[4.4.0.1%°.1"*°]dodecane and
perhydro-1, 4-methano-5, 8-methanonaphthalene rings. ' Further,
the crosslinked-ring hydrocarbonbrings include condensed-ring
hydrocarbon rings, for example, condensed rings resulting from

the condensation of multiple 5- to 8-membered cycloalkane rings,

"such as perhydronaphthalene (decalin), perhydroanthracene,

perhydrophenanthrene, perhydroacenaphthene, perhydrofluorene,
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perhydroindene and perhydrophenalene rings.
As preferred crosslinked-ring hydrocarbon rings, there can
be mentioned a norbornyl group, an adamantyl group, a
bicyclooctanyl group and a tricyclol[5,2,1, 0% %]decanyl group and
the like. As more preferred crosslinked-ring hydrocarbon rings,
there can be mentioned.a norbornyl group and an adamantyl group.
- Substituents may bé introduced in these alicyclic

hydrocarbon groups. As preferred substituents, there can be

- mentioned a halogen atom, an alkyl group, a hydroxyl group having

its hydrogen atom replaced, an amino group having its hydrogen
atom replaced and the like. The halogen atom is preferably a
bromine, chlorine or fluorine atom, and the alkyl group is
preferably amethyl, ethyl, butyl or t-butyl group. A substituent
may further be introduced in the alkyl group. As the optional
further substituent; there can be mentioned a halogen atom, an
alkyl group, a hydroxyl group having its hydrogen atom replaced
or an amino group having its hydrogen atom replaced..

As a group replacing the hydrogen atom, there can be
mentioned, for example, an alkyl group, a cycloalkyl group, an
aralkyl group, a substituted methyl group, a substituted ethyl
group, an alkoxycarbonyl group or an aralkyloxycarbonyl group.
The alkyl group is preferably an alkyl group having 1 to 4 carbon
atoms. The substituted methyl group is preferably a.
methoxymethyl, methoxythiomethyl, benzyloxymethyl,

t-butoxymethyl or 2-methoxyethoxymethyl group. The substituted

ethyl group is preferably l-ethoxyethyl or

l-methyl-1l-methoxyethyl. The acyl group is preferably_an

aliphatic acyl group having 1 to 6 carbon atoms, such as a formyl,
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acetyl,propionyl,butyryl,isobutyryl,Qalerylorpﬂvaloylgroup.
The alkoxycarbonyl group is, for example, an alkoxycarbonyl group
having 1 to 4 carbon atoms.

It is optional for the resin (Al) to comprise the repeating
unit having an alicyciic hydrocarbon structure in which no polar
groupjj;introducedEﬂuiexhibitingru)acid—decomposability. When
this repeating unit is contained, the content thereof based on
all the repeating units of the resin (Al) is preferably in the
range of 1 to 40 mol%, more preferably 2 to 20 mol%.

Particular examples of the repeating units having an
alicyclic hydrocarbon structure in which no polar group is
introducaiandexhibitingIMJacid—decomposabilibyareshownbelow,
which in no way limit the scope of the present invention. ‘In the

formulae, Ra represents H, CH3, CH,0H or CFj.

The reéin (Al) for use in the composition of the present
invention can comprise, in addition to the foregoing repeating
structural units, wvarious repeating structural units for the
purpose of regulating the dry etéhing resistance, standard

developer adaptability, substrate adhesion, resist profile and
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generally required properties of the resist such as resolving
power, heat resistance and sensitivity.

As such repeating structural units, there can be mentioned
those corresponding to the following monomers, which are
nonlimiting. |

The incorporation.of such repeating structural units would
realize fine regulation of the required properties of the resin
for use in the composition of the present invention, especially:
(1) solubility in application solvents, (2) film forming easiness
(glass transition point), (3) alkali developability, (4) film
thinning (selections of hydrophilicity/hydrophobicity and
alkali—solublegroup),(5)adhesionxxfunexposedareatx)substrate,
(6) dry‘etching resistance, etc.

Asappropriatenmnomers,therecanbenentioned,forexample,
compounds each having one unsaturated bond capable of addition
polymerization, selected from among acrylic esters, methacrylic
esters, acrylamides, methacrylamides, allyl compounds, vinyl
ethers, vinyl esters and the like.

In addition, any unsaturated compound capable of addition
polymerization that is copolymerizable with monomers
correspondingtxJtheabovevariousrepeetingstructuralunitsn@y
be copolymerized therewith.

In the resin (Al) for use in the composition.ofvthe‘present
invention,. the molar ratios of individual repeating structural
units contained are appropriately determined from the viewpoint
of regulating the dry etching resistance, standard developer
adaptability, substrate adhesion and resist profile of the resist

and generally required properties of the resist such as resolving



10

15

20

WO 2014/104400 99 PCT/JP2013/085328

power, heat resistance and sensitivity.

When the composition of the present invention is one for
ArF exposure, from the viewpoint of transparency to ArF light,
it is preferred for the resin (Al) for use in the composition bf
the present invention to contain substantially no aromatic ring.
In particular, the ratio of repeating unit containing an aromatic
group, based on all the répeating units of the resin (al), is
preferably 5 mol% or less, more preferably 3 mol% or less, and
ideally 0 mol%, namely, containing no repeating unit containing
an aromatic group. It is preferred for the resin (Al) to have
a mono- or polyalicyclic hydrocarbon structure.

When the composition of the present invention is exposed
to KrF excimer laser light, electron beams, X-rays or high-energy
light rays of 50 nm or less wavelength (for example, EUV), it is
preferred for the:resin.(Al) to comprise hydroxystyrene repeating
units. More preferably, the resin (Al) is a copolymer of
hydroxystyrene and hydroxystyrene protected by a group leaving
under the action of an acid, or a copolymer of hydroxystyrene and
a (meth)acrylic acid tertiary alkyl ester.

In particular, as such a resin, there can be mentioned a
resin comprising any of repeating units of general formula (A)

below.

e T
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In the formula, each of Rgi, Rp2 and Rgs; independently
represents, for example, a hydrogen atom, an alkyl group, a
cycloalkyl group, .a halogen atom, a cyano group or an
alkoxycarbonyl group; and Ar; represents, for example, an aromatic
ringgroup,providedthaff%3andArlmaybesimultaneouslyalkylene
groups and bonded to each other so as to form a 5-membered or

6-membered ring in cooperation with the -C-C- chain.

Each of n Y's independently represents a ﬁydrogen atom or
agroup1eavingundertheactionofeﬁlacid,providedthatatleast
one of the Y’'s is a group leaving under the action of an acid.

In the formula, n is an integer of 1 to 4, preferably 1 or
2 and more preferably 1.

The alkyl groups represented by Rg; to Roz are, for example,
alkyl groups each having up to 20 carbon atoms. The alkyl groups
are preferably a methyl group, an ethyl group, a propyl group,
an isopropyl group, an n-butyl group, a sec-butyl group, a hexyl
group, a 2-ethylhexyl group, an octyl group and a dodecyl group.
Alkyl groups having up to 8 carbon atoms are more preferred.
Substituents may be introduced in these alkyl groups.

The alkyl groups éontained in the alkoxycarbonyl groups are
preferably the same as the above-mentioned alkyl groups
represented by Ry to Rps.

The cycloalkyl groups may each be monocyclic or polycyclic.
As preferred examples thereof, there.can be mentioned
monocycloalkyl groups each having 3 to 8 carbon atoms, such as
a cyclopropyl group, a cyclopentyl group and a cyclohexyl group.

Substituents may be introduced in these cycloalkyl groups.
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 As the halogen atom, there can be mentioned a fluorine atom,
a chlorine atom, a bromine atom or an iodine atom. A fluorine
atom is preferred. |

When Rg3; represents an alkylene group, this alkylene group
is preferably one having:l to 8 carbon atoms, such as a methylene
group, an ethylene group, a propylene group, a butylene group,
a hexylene group or an octylene group.

The aromatié ring group represented by Ar; is preferably
one having 6 to 14 carbon atoms. For example, there can be
mentioned a benzene ring, a toluene ring or a naphthalene ring.
A substituent may be introduced in this aromatic ring group.

-As the group leaving under the action of an acid, Y, there
can be mentioned, for example, any of the groups of the formulae
-C(Rs6) (R37) (R3g) , —C(=0)-0-C(Rs6) (R37) (R3g), —C(Ro1) (Roz) (ORzg),
-C(Ro1) (Ro2) -C(=0) -0-C(R36) (R37) (R3g) and -CH(Rs3s) (Ar) .

In the formulae, each of R3s to R3g independently represents
an alkyl group, a cycloalkyl group, an aryl group, an aralkyl group
or an alkenyl group. Rsg énd Ri7; may be bonded to each other to
thereby form a ring structure.

Each of Re1 and Ro; independently represents a hydrogen atom,
an alkyl group, a cycloalkyl group, an aryl groﬁp, an aralkyl group
or an alkenyl group.

Ar represents an aryl group.

The élkyl groups represented by Ris to Rsg andﬁRm,andem are
preferably alkyl groups each having 1 to 8 carbon atoms. For
example, there can be mentioned a methyl group, an ethyl group,
a propyl group, an n.—butyl group, a sec-butyl group, a hexyl group

and an octyl group.
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The cycloalkyl groups represented by Ris to Ris and Rg; and
Ro2 may be monocyclic or polycyclic. The monocycloalkyl groups
are preferably cycloalkyl groups having 3 to 8 carbon atoms. AsS
such, there can be mentioned, for example, a cyclopropyl group,
a cyclobutyl group, a cyclopentyl group, a cyclohexyl group and
a cyclooctyl group. - The polycycloalkyl groups are preferably
cycloalkyl groups having 6 to 20 carbon atoms. As such, there

can be mentioned, for example, an adamantyl group, a norbornyl

- group, an isobornyl group, a camphonyl group, a dicyclopentyl

group, an o-pinanyl group, a tricyclodecanyl group, a

tetracyclododecyl group and an androstanyl group. With respect
to these, the carbon atoms of each of the cycloalkyl groups may
be partially replaced with a heteroatom, such as an oxygen atom.

The aryl groups represented by R3s to Rig, Ro1, Roz and Ar are
preferably aryl groups each having 6 to 10 carbon atoms. For
example, there can be mentioned a phenyl group, a naphthyl gréup
and an anthryl group.

The aralkyl groups represented by R3s to Rig, Ro: and Rg, are
preferably afalkyl groups each having 7 to 12 carbon atoms. As
preferred examples thereof, there can be mentioned a benzyl group,
a phenethyl group and a naphthylmethyl group.

The alkenyl groups represented by R3s to Riss, Rgo1 and Ry are
preferably alkenyl groups each having 2 to 8 carbon atoms. For
example, there can be mentiéned a vinyl group, an allyl group,
a butényl group and a cyclohexenyl group.

The ring.formed by the mutual bonding of Rz and Ry, may be
moﬁocyclic or polycyclic. The monocyclic ring is preferably a

cycloalkane structure having 3 to 8 carbon atoms. As such, there
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can be mentioned, for example, é cyclopropane structure, a
cyclobutane structure, a cyclopentane structure, a cyclohexane
structure, a cycloheptane structure or a cyclooctane structure.
The polycyclic ring is preferably a cylealkane structure having
6 to 20 carbon atoms. Assuch,therecanben@ntioned,forexample,
anadamanténestructure,eanorbornanéstruéture,éidicyclopentane
structure, a tricyclodecane structure or a tetracyclododecane
structure. With respect to these, the carbon atoms of each of
the ring structures may be partially replaced with a heteroatom,
such as an éxygen atom.

Substituents may be introduced in these groups. As the
substituents, there can be mentioned, for example, an alkyl group,
a cycloalkyl group, an aryl group, an.amiho groﬁp, an amido group,
a ureido group, .a urethane group, a hydroxyl group, a>carboxyl
group, a halogen atom, an alkoxy group, a thioether group, an acyl
group, an acyloky group, an alkoxycarbonyl group, a cyano group
and a nitro group. Preferably, the number of carbon atoms of each
of the substituents is up to 8.

The group ieaving under the action of an acid, Y, preferably

has any of structures of general formula (B) below.

L4
—C—0—M—Q (B)

Lo

In the formula, each of IL; and L, independently represents
a hydrogen atom, an alkyl group, a cycloalkyl group, an aryl group

or an aralkyl group.



10

15

20

25

WO 2014/104400 -97 - PCT/JP2013/085328

M represents a single bond or a bivalent connecting group.

.Q represents an alkyl group, a cycloalkyl group, a’
cycloaliphatic group, an aromatic ring group, an amino group, an
ammonium group, a mercapto group, a cyano group or an aldehyde
group. Heteroatoms may be introduced in the cycloaliphatic group
and aromatic ring group. |

At least two of Q, M and L; may be bonded to each other to
thereby form a 5-membered or 6-membered ring.

The alkyl groups represented by L, and L, are, for example,
alkyl groups each having 1 to 8 carbon atoms. As particular
examples thereof, there can be mentioned a methyl group, an ethyl
group, a propyl group, an n-butyl group, a sec-butyl group, a hexyl
group and an octyl group.

The cycloalkyl groups represented by L; and L, are, for
example, cycloalkyl groups each having'3 to 15 carbon atoms. As
particular ekamples thereof, there can be mentioned a cyclopentyl
group, a cyclohexyl group, a norbornyl group and an adamantyl
group.

The aryl groups represented by I; and L;are, for example,
aryl groups each having 6 to 15 carbon atoms. As particular
examples thereof, there can be mentioned a phenyl group, a tolyl
group, a naphthyl group and an anthryl group.

The aralkyl groups represented by L; and L, are, for example,
aralkyl groups each having 6 to 20 carbon atoms. As particular
examples théreof, there can be mentioned a benzyl group and a
phenethyl group.

The bivalent connecting group represented by M is, for

example, an alkylene group (e.g., a methylene group, an ethylene
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- group, a propylene group, a butylene group, a hexylene group or

an octylene group), a cycloalkylene group (e.g., a cyclopentylene

group or a cyclohexylene group), an alkenylene group (e.g., an

ethylene group, a propenylene group or a butenylene group), an

arylene group (e.g., a phenylene group, a tolylene group or a
naphthylenegroup),—S—,—O—,—CO—,—Sozf,—N(Roy—oreicombination
of two or more of these groups. Ro represents a hydrogen atom or
an alkyl group. The alkyl group represented by Rg is, for example,
an alkyl group having 1 to 8 carbon atoms. As particular examples
thereoﬁ, there can be mentioned a methyl group, an ethyl group,
a propyl group, én n-butyl group, a sec-butyl group, a hexyl group
and an octyl group. ‘

- The alkyl group and cycloalkyl group represented by Q are
the same as those mentioned above in conﬁection with L; and L.

As the cycloaliphatic group and aromatic ring group
represented by Q, there can be mentioned, for example, the
cycloalkyl group and aryl group mentioned above as being
represented by I and L,. Preferably, each of the cycloalkyl group
and aryl group has 3 to 15 carbon atoms.

As the cycloaliphatic group and aromatic ring group
containing a heteroatom represented by Q, there can be mentioned,
for example, groups having a heterocyclic structure, such as
thiirane, cyclothiorane, thiophene, furan, p?rrole,
benzothiophene, benzofuran, benzopyrrole, triazine, imidazole,
benzimidazole, triazole, thiadiazole, thiazole and pyrrolidone.
However, the cycloaliphatic groups and aromatic ring groups are
not limited to these as long as the ring is formed by carbon and

a heteroatom or by heterocatoms only.
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As the ring structure that may be formed by the mutual
bonding of at least two of Q, M and L;, there can bée mentioned,
for example, a 5-membered or 6-membered ring structure resulting
from the formation of a propylene group or a butylene group thereby .
The 5—membered or 6-membered ring structure contains the oxygen
atom. |

Substituents may be introduced in the groups represented
by Li;, Lz, M and Q in general formula (B). As the substituents,
there can be mentioned, for example, an alkyl group, a cycloalkyl
group, an aryl group, an amino group, an émido group, a ureido
group, a urethane group, a hydroxyl group, a carboxyl group, a
halogen atom, an alkoxy group, a thioether group, an acyl group,
an acyloxy group, an alkoxycarbonyl group, a cyano group and a
nitro group. Preferably, the number of carbon atoms of each of
the substituents is up to 8.

The groups of the formula -M-Q are preferably groups each
having 1 to 20 carbon atoms, more preferably groups each having
1 to 10 carbon atoms and further more preferably groups each having
1 to 8 carbon atoms.

Specific examples of the resins (Al) comprising
hYdroxystyrene repeating units are shown below, which in nb way

limit the scope of the present invention.
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In the above particular examples, tBu represents a t-butyl
group.

It is preferred for the resin (Al) to contain neither a
fluorine atom nor a silicon atom from the viewpoint of the
compatibility with the hydrophobic resin (HR) to be described
hereinafter.

In the»resin_(Al) for use in the composition.of the present
invention, preferably, all the repeating units thereof are
comprised of (meth)acrylate repeating units. 1In that instance,
use can be made of any of a resin wherein all the repeating units
are comprised of methacrylate repeating units, a resin wherein
all the repeating units are comprised of acrylate repeating units -
and a resin wherein all the repeating units are comprised of
methacrylate repeating units and acrylate repeating units.
However, it is preferred for the acrylate repeating units to
account for 50 mol% or less of all the repeating units. It is
also preferred to employ a copolymer comprising 20 to 50 mol% of

(meth)acrylate repeating units containing an acid-decomposable
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group, 20 to 50 mol% of (meth)acrylate repeating units containing
a lactone group, 5 to 30 mol% of (meth)acrylate repeating units
with an alicyclic hydrocarbon structure substituted with a
hydroxyl group or a cyano group and O to 20 mol% of other
(meth)acrylate repeating units. -

The résins (Al) according to thé present invention can be
synthesized in accordance with routine methods (for example,
radical polymerization). As general synthesizing methods, there
can be mentioned, for example, a batch polymerization method in
which a monomer species and an initiator are dissolved in a solvent
and heated to thereby carry out polymerization, a dropping
polymerization method in which a solution of monomer species and
initiator is dropped into a heated solvent over a period of 1 to
10 hours, and the like. The dropping polymerization method is
preferred. As a reaction solvent, there can be mentioned, for
example, an ether, such»és tetrahydrofuran, 1,4-dioxane or
diisopropyl ether; a ketone, such as methyl ethyl ketone or methyl
isobutyl ketone; an ester solvent, such as ethyl acetate; an amide
solvent, such as dimethylformamide or dimethylacetamide; or any

of solvents capable of dissolving the composition of the present

invention, such as propylene glycol monomethyl ether acetate,

propylene glycol monomethyl ether and cyclohexanone, to be
described hereinafter. Preferably, the polymerization is
carried out with the use of the same solvent as that to be used
in the actinic-ray- or radiation-sensitive resin composition of
the presént invention. This inhibits any particle generation
during storage.

The polymerization reaction is preferably carried out in
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an atmosphere comprised of an inert gas, such as nitrogen or argon.
The polymerization is initiated by use of a commercially available
radical initiator (azo initiator, peroxide, etc.) as a
polymerization initiator. Among the radical initiators, an azo
initiator is preferred, and azo initiators containing an ester
group, a cyano group and a carboxyl group are especially preferred.
As specific preferred initiators, there can be mentioned
azobisisobutyronitrile, aéobisdimethylvaleronitrile, dimethyl
2,2’—azobis(2—methy1prppionate) and the like. If desirable, the
initiator may be supplemented, or may be added in fractional
amounts. After the completion of the reaction, the reaction
liguid is poured into a solvent( and the intended polymer is
recovered by a method of powder or solid recovery or the like.
The reaction concentration is in the range of 5 to 50 mass$%,
preferably 10 to 30 mass%. The reaction temperature is generally
in the range of 10 to 150°C, preferably .30 to 120°C and more
preferably 60 to 100°C.

Thé welght average molecular weight of the resin (A1)
according to the present invention, in terms of
polystyrene-equivalent value measured by GPC, is preferably in
the range of 1000 to 200,000. It is more preferably in the range
of 2000 to 20,000, further‘moreepreférably'3000 to 15,000 and most
preferably 3000 to 11,000. By regulating the weight average
molecular weight so as to fall within the range of 1000 to 200, 000,
not only can any deteriorations of heat resistance and dry etching
resistance be prevented but also any deterioration of
developability and any increase of viscosity leading to poor film

forming property can be prevented.
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The polydispersity index (molecular weight distribution)
of the resin is generally in the range of 1.0 to 3.0, preferably
1.0 to 2.6, more preferably 1.0 to 2.0 and most preferably 1.1
to 2.0. When the molecular weight distribution is small to these
ranges, e#cellent resolution and resist shape can be attained,
and the side wall of the resist pattern is smooth to thereby ensure
excellent rdughness characteristics.

In the present invention/”the content of resin (Al) in the
whole composition is preferably in the range of 30 to 99 mass$%,
more preferably 50 to 95 mass%, based on the total solids of the
composition.

In the present invention, one type of rein (Al) may be used
alone, or two or more types thereof may be used in combination.
[2] Resin (A2) containing phenolic hydroxyl group

The composition of the present invention in its one form
comprises a resin (A2) containing a pheﬁolic hydroxyl group.

The term “phenolic hydroxyl group” used in the present
invention refers to a group resulting from the replacement of a
hydrogen atom of an aromatic ring group by a hydroxyl group. The
aromatic ring in the aromatic ring group is a mono- or polycyclic
aromatic ring. As the aromatié ring, there‘can be mentioned a
benzene ring, a naphthalene ring or therlike.

In the composition of the present invention comprising the
resin (A2), at exposed areas, a crosslinking reaction between the
resin (A2) containing a phenolic hydroxyl group and an acid
crosslinking agent (C) to be described hereinafter progresses
under the action of an acid generated from the compound (B) upon

exposure to actinic rays or radiation, thereby forming a negative
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pattern.

The resin (A2) containing a phenolic hydroxyl group
according to the present invention preferably comprises a
repeating unit containing at least one phenolic hydroxyl group.

5 The repeating unit containing a phenolic hydroxyl group is not
particularlylimited,whichji;howeverpfeferablyfnnrdfrépeating

units of general formula (1) below.

10 In general formula (1), R;; represents a hydrogen atom, an
optionally substituted methyl group or a halogen atom.

B; represents a single bond or a bivalent connecting group.
Ar represents an aromatic ring; and
ml is an integer of 1 or greater.

15 As the optionally substituted methyl group rep:esented by
Ri1, there can be mentioned a trifluoromethyl group, a
hydroxymethyl group or the like.

Ri; is preferably a hydrogen atom or a methyl group. A
hydrogen atom is more preferred from the Qiewpoint of

20 developability.

The bivalent connecting group represented by B; is
preferably a carbonyl group, an alkylene group (preferably having
1l to 10 carbon atoms, more preferably 1 to 5 carbon atoﬁs), a

sulfonyl group (-S(=0),-), -0-, -NH-, or a bivalent connecting
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group comprised of a combination of these.

B; is preferably a single bond, a carbonyloxy group
(-C(=0)-0-) or -C(=0)-NH-, more preferably a single bond or a
carbonyloxy group (-C(=0)-0-). FA single bond is especially
preferred from the viewpoint of dry etching resistance.

The aromatic ring represented by Ar is a monocyclic or
polycyclic aromatic ring. As such, there can be mentioned an
optionally substituted aromatic hydrocarbon ring having 6 to 18
carbon atoms, such as a benzene ring, a naphthalene ring, an
anthracene ring, a fluorene ring or a phenanthrene ring, or an
aromatic ring heterocycle containing a heteroring, such as a
thiophene ring, a furan ring, a pyrrole ring, a'benzothiophene
ring, a benzofuran ring, a benzopyrrole ring, a triazine ring,
an imidazole ring, a benzimidazole ring, a triazole ring, a
thiadiazole ring or a thiazole ring. »Of these, a benzene ring
and a naphthalene ring are preferred from the viewpoint of
resolution. . A benzene ring is most preferred from the viewpoint
of sénsitivity.

In the formula, ml is preferably an integer of 1 to 5, most
preferably 1. Whenml is 1 and Ar is a benzene ring, the position
of -OH substitution may be any of the para-, meta- and
ortho—poéitions to the site of bonding to B; (when B; is a single
bond, the principal chain of the polymer) in the benzene ring.
However, from the viewpoint of crosslinking reactivity, the
para-and meta-positions are preferred, and the para-position is
more preferred.

"A substituent other than the above -0OH group may be

introduced- in the aromatic ring represented by Ar. As such a
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substituent, there can be mentioned, for example, an alkyl group,
a cycloalkyl group, a halogen atom, a hydroxyl group, an alkoxy
group, a carboxyl group, an alkoxycarbonyl group, an alkylcarbonyl
group, an alkylcarbonyloxy group, an alkylsulfonyloxy group or
an arylcarbonyl group.
From the viewpoint of crosslinking reactivity,

developability and dry etching resistance, it is preferred for
the repeating unit containing a phenolic hydroxyl group to be any

of repeating units of general formula (2) below.
R12
(2)
AI\r
OH

- In géneral formula (2), Ri; represents a hydrogen atom or

a methyl group.

Ar represents an arométic ring.

As Ry, a hydrogen atom is preférred.to a methyl group from
the viewpoint of developabiiity.

Ar in general formula (2) has the same meaning as that of
Ar in general formula (1). Preferred ranges are also the same.
From the viewpoint of sensitivity, it is preferred for the
repeating units of general formula (2) to be repeating units
derived from>hydroxystyrene (namely, repeating units of general
formula (2) in which R;; is a hydrogen atom’and Ar is a benzene
ring) .

The resin (A2) may be comprised only of the above repeating

unit containing a phenolic hydroxyl group. The resin (A2) may
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compriserepeatingunitstobeckﬁcribedbelowotherthantheabove
repeating units containing a phenolic hydrokyl group; In that
instance, the content of repeating unit containihg a ﬁhenolic
hydroxyl group, based on all the repeating units of the resin (A2),
is preferably in the range of 10 to 98 mol%, more preferably 30
to 97 mol% and further more preferably 40 to 95 mol%. This highly
reliably lowers, especially when the resist film is thin (for
example, when the thickness of the resist film is in the range
of 10 to 150 nm), the rate of dissolution, in alkali developers,
of exposed areas of the resist film according to the present
invention formed using‘the resin (A2) (namely, the rate of
dissolution of the resist film formed using the resin (A2) can
be highly reliably controlled to the most appropriate rate). As
a result, the sensitiviﬁy can be highly reliably enhanced.
Nonlimiting examples of repeating units each Containing a

phenolic hydroxyl group are shown below.
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It is preferred for the resin (A2) to have a structure in
which the hydrogen atom of the phenolic hydroxyl group is replaced
lnragroupmdtheanon—acid—decomposablepolyalicyclichydrocarbon

structure from the viewpoint that high glass transition
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temperature (Tg) can be realized and.dry etching resistance can
be enhanced.

When the resin (A2) has the above specified structure, the
glass transition temperature (Tg) of the resin (A2) is increased,
so that a very hard resist film can be formed, thereby permitting
the control of acid diffusion and dry etching resistance.
Accordingly, the diffusion of.acids in areas exposed to actinic
rays or radiation, such as electron beams or extreme violet, can
be highly inhibited, thereby enhancing the resolving power,
pattern shape and LER with respect to micropatterns. It can also
be presumed that the introduction of the non-acid-decomposable
polyalicyclic hydrocarbon structure in the resin (A2) contributes
toward enhancement of dry etching resistance. Furthermore,
althoughthedetailisnotapparent,thepolyalicyclichydrocarbon
structure exhibits a high hydrogen radical donating capability,
thereby providing a hydrogen source at the decomposition of the
above-mentioned acid generator (B) as a photoacid generator.
Thus, it is presumed that the efficiency of decomposition of the

photoacid generator is enhanced, thereby realizing an enhanced

-acid generating efficiency. It is assumed that this contributes

toward an enhanced sensitivity.

| In the above specified structure thét may be introduced in
the resin (A2) according to the present ihyention, the aromatic
ring, such as a benzene ring, and the group with a
non-acid-decomposable polyalicyclic hydrocarbon structure are
connectéd to each other via the oxygen atom ffoﬁ the'phenolic
hydroxyl group. As mentioned above, this structure not only

contributes toward high dry etching resistance but also can
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enhance the glass transition temperature (Tg) of the resin (A2). -
It is presumed that high resolving power is provided by the effect
of a combination of these.

The term “non—aéid—decomposable” used in the present
invention means the property that no décomposition reaction is
induced by acids generat‘ed by the above-described acid generators
(B) .

In particular, it is preferred for the group with a
non-acid-decomposable polyalicyclic hydrocarbon structure to be
a group that is stable in an acid and an alkali. The group that
is stable in an acid and an alkali referé to a group exhibiting
neither acid decomppsability not alkali décomposability. The
acid decomposability refers to the property that a decomposition
reaction is induced by the action of acids generated by the
above-described acid generators (B). As the group éxhibiting
acid decomposability, there can be mentioned any of the
acid-decomposable groups set forth above in connection with the
resin (Al).

The alkali decomposability refers to the property that a
decomposition reaction is induced by the action of an alkali
developer. Asthegroupexhibitingalkalidecomposability,there
can be mentioned any of the heretofore known groups (for example,
groups with lactone structures, etc.) that when acted on by an
alkali developer, are decomposed to thereby increasé the rate of
dissolution in the alkali developer, which groups are contained
in the resins appropriately used in positive chemically amplified
fesist compositions.

The group with a polyalicyclic hydrocarbon structure is not
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particularly limited as long as it is a monovalent group with a
polyalicyclic hydrocarbon structure. The sum of carbon atoms
thereof is preferably in the range of 5 to 40, more preferably
7 to 30. The polyalicyclic hydrocarbon structure within rings
thereof may contain an unsaturated bond.

The polyalicyclic hydrocarbon structure in the group with
a polyalicyclic hydrocarbon structure refers to a structure
containing a plurality of monoalicyclic hydrocarbon groups, oOr
a polycycle-containing alicyclic hydrocarbon structure, and may
be a bridged one. The monoalicyclic hydrocarbon grbups are
preferably cycloalkyl groups each having 3 to 8 carbon atoms. As
such, there can be mentioned, for example, a cyclopropyl group,
a cyclopentyl group, a cyclohexyl group, a cyclobutyl group, a
cyclooctyl group and the like. The structure containing a
plurality of monoalicyclic hydrocarbon groups contains a

plurality of these groups. The structure containing a plurality

- of monoalicyclic hydrocarbon groups preferably contains 2 to 4,

most preferably 2, monoalicyclic.hydrocarbon groups.

As the polycycle-containing alicyclic hydrocarbon
structure, there can be mentioned, for example, a bicyclo,
tricyclo or tetracyclo structuré having 5 or more carbon atoms.
A polycyclo structure having 6 to 30 carbon atoms is preferred.
As such, there can be mentioned, for example, an adamantane
structure, a decalin structure, a norbornane structure, a
norbornenestructure,eacedrolstructure,aniszornanestructure,
a bornane structure, a dicyclopentane structure, an a-pinane
structure, a tricyclodecane structure, a tetracyclododecane

Structure or an androstane structure. The carbon atoms of each
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of the mono- or polycycloalkyl groups may be partially replaced
with a heteroatom, such as an oxygen atom. |

As preferred polyalicyclic hydrocarbon structures, there
can be mentioned an adamantane structure, a decalin structure,
a norbornane structure, a norbornene structure, a cedrol structure,
a structure containing a plurality of cyclohexyl groups, a
structure containing a‘plurality of cycloheptyl groups, a
structure containing a plurality of cyclooctyl groups, a structure
containing a plurality of cyclodecanyl groups, a structure
containing a plurality of cyclododecanyl groups and a
tricyclodecane‘struCture. An adamantane structure is most
preferred from the viewpoint of dry etching resistance (namely,
it is most preferred for the above-mentioned group with a
non-acid-decomposable polyalicyclic hydrocarbon structure to be
a group with a non-acid-decomposable adamantane structure) .

Chemical formulae of these polyalicyclic hydrocarbon

structures (with respect to the structure containing a plurality

‘of monoalicyclic hydrocarbon groups, monoalicyclic hydrocarbon

structures (in particular, the structures of formulae (47) to (50)

below) corresponding to monoalicyclic hydrocarbon groups) are

'shown below.
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Substituents may be introduced in these polyalicyclic
hydrocarbon structures. As the substituents, there can be
mentioned, for example, an alkyl group (preferably 1 to 6 carbon

~atoms), a cycloalkyl group (preferably 3 to 10 carbon atoms), an
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aryl group (preferably 6 to 15 carbon atoms), a halogen atom, a
hydroxyl group, an alkoxy group (preferably 1 to 6 carbon atoms),.
a carboxyl group, a carbonyl group, a thiocarbonyl group, an
alkoxycarbonyl group (preferably 2 to 7 carbon atoms), an
aminoacyl group (preferably 2 to 20 carbon atoms) and groups each
comprised of a combination of these (preferably 1 to 30 carbon
atoms in total, more preferably 1 to 15 carbon atoms in total).
Among these polfalicyclic hydrocarbon structures, the

structures of formulae (7), (23), (40), (41) and (51) above and
thestructurecontainingtwonwnovaléntgroupseachcorresponding
to the.structure of formula (48) above in which a bonding hand
is created at an arbitrary hydrogen atom are preferred. The

structures of formulae (23), (40) and (51) above and the structure

’containing two monovalent groups each corresponding to the

structure of formula (48) above in which a bonding hand is created
at.an arbitrary hydrogen atom are more preferred. The structure
of formula (40) above is most preferred. |

It is preferred for the group with a polyalicyclic
hydrocarbon structure to be a monovalent group corresponding to
any of these polyalicyclic hydrocarbon structures in which a
bonding hand is created at an arbitrary hydrogen atom.

It is preferred for the structure in which the hydrogen atom

of phenolic hydroxyl droup is replaced by the above .group with

. a non-acid-decomposable polyalicyclic hydrocarbon structure to

be contained in the resin (A2) as a repeating unit with the
structure in which the hydrogen atom of phenolic hydroxyl group
is replaced by the above group with a non-acid-decomposable

polyalicyclic hydrocarbon structure. More preferably, the
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structure is contained in the resin (A2) as any of repeating units

of general formula (3) below.

: ﬁw
~CH—C—
A||r1 3)

(OX) m2

In general formula (3), Rz represents a hydrogen atom or
a methyl group. |

X représents a group with a non-acid-decomposable
polyalicyclic hydrocarbon structure.

Ar; represents an aromatic ring; and

m2 is an integer of 1 or greater.

Ri3 in general formula (3) is a hydrogen atom or a methyl
group, preferably a hydrogen atom.

As the aromatic ring represented by Ar; in general formula
(3), there can be mentioned, for example, an optionally
substituted aromatic hydrocarbon ring having 6 to 18 carbon atoms,
such as a benzene ring, a naphthalene ring, an anthracene ring,
a fluorene ring or a phenanthrene ring, or an aromatic ring
heterocycle containing a heteroring, such as a thiophene ring,
a furan ring, a pyrrole ring, a benzothiophene ring, a benzofuran
ring, a benzopyrrole ring, a triazine ring, an imidazole ring,
a benzimidazole ring, a triazole ring, a thiadiazole ring or a
thiazole ring. Of these, a benzene ring and a naphthalene ring
are preferred from.the-viewpoint of resolution. A benzene ring
is most preferred.

A substituent other than the above -0X groups may be

introduced in the aromatic ring represented by Ar,. As the
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substituent, there can be mentioned, for example, an alkyl group
(preferably 1 to 6 carbon atoms), a cycloalkyl group (preferably
3 to 10 carbon atoms), an aryl group (preferably 6 to 15 carbon
atoms), a halogen'atom, a hydroxyl group, an alkoxy group
(preferably 1 to 6 carbon atoms), a carboxyl group or an
alkoxycarbonyl group (preferably 2 to 7 carbon atoms). The

substituent is preferably an alkyl group, an alkoxy group or an

~alkoxycarbonyl group, more preferably an alkoxy group.

X represents a group with a non-acid-decomposable
polyalicyélic hydrocarbon structure. Particﬁlar examples and
preferred ranges of the groups each with a non-acid-decomposable
polyalicyclic hydrocarbon structure represented by X are the same
as mentioned above. It is preferred for X to be any of groups
of the formula -Y-X; in general formula (4) to be described
hereinafter.

In the general formula, m2 is preferably an integer of 1
to 5, most preferably 1. When m2 is 1 and Ar; is a benzene ring,
the position of -0X substitution may be any of the para-, meta-
and ortho-positions to the site of bonding to the principal chain
of the polymer in the benzene ring. The para-and meta-positions
are preferred, and the para-position is more pfeferréd.

In the present invention, it is preferred for the repeating
units of general formula (3) above to be the repeating units of
general formula (4) below. |

When use is made of the resin (A2) comprising any of
repeating units of general formula (4), the7Tg'value of the resin
(A2) is high, so that a very hard resist film is formed.

Accordingly, the acid diffusion and dry etching resistance can
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be controlled highly reliably.

Ris

+c HZI—CI:—)—-

~ (4)
X

0
Y
%

In general formula (4), R;3 represents a hydrbgen atom or
a methyl group.

Y represents a single bond or a bivalent connecting group.

X, represents a non-acid-decomposable polyalicyclic
hydrocarbon group.

Among the repeating units of general formula (4) above,
examples preferably employed in the present invention will be
described below.

Ri3 in general formula (4) is a hydrogen atom or a methyl
group, preferably a hydrogen atom. |

In general formula (4), Y is preferably a bivalent
connecting group. The bivalent connecting group represented by
Y is preferably a carbonyl group, a thiocarbonj;l group, an alkylene
group (preferably 1 to 10 carbon atoms, more preferably 1 to 5
caern atoms), a sulfonyl group, -COCHz;-, -NH-, or a bivalent
connecting group comprisedl of a combination of these (preferably,
in total, 1 to 20 carbon atoms, more preferably 1 to 10 carbon
atoms). The bivalent connecting group is mofe preferably a

carbonyl group, -COCH;-, a sulfonyl group, -CONH- or -CSNH-,
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further more preferably a carbonyl group or —COCHQ;,and.mdst.t
preferably a carbonyl group.

X; represents a polyalicyclic hydrocarbon group, being
non-acid-decomposable. The sum of carbon atoms of the
polyalicyclic hydrocarbon group is preferably in the range of 5
to 40, more preferably 7 to 30. The polyalicyclic hydrocarbon
group within its rings may contain an unsaturated bond.

This polyalicyclic hydrocarbon group refers to a group
containing a plurality of monoalicyclic hydrocarbon groups, or
a.polycycle—containing alicyclic hydrocarbon group, and may be
a bridged one. The monoalicyclic hydrocarbon groups are
preferably cycloalkyl groups each having 3 to 8 carbon atoms. As
such, there can be mentioned, for example, a cyclopropyl group,

a cyclopentyl group, a cyclohexyl group, a cyclobutyl group, a

~cyclooctyl group and the like. The group containing a plurality

of monoalicyclic hydrocarbon groups contains a plurality of these
groups. The group containing a plurality of monoalicyclic
hydrocarbon groups preferably contains 2 to 4, most preferably
2, monoalicyclic hydrocarbon groups.

As the polycycle-containing alicyclic hydrocarbon group,
there can be mentioned a group with, for example, a bicyclo,
tricyclo or tetracyclo structure having 5 or more carbon atoms.
A group with a polycyclo structure having 6 to 30 carbon atoms
is preferred. As such, there can be mentioned, for example, an
adamantyl group, a norbornyl group, a norbornenyl group, an
isobornyl group, a camphonyl group, a dicyclopentyl group, an
a-pinanyl group, a tricyclodecanyl group, a tetracyclododecyl

group or an androstanyl group. The carbon atoms of each of the
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mono~- or polycycloalkyl groups may be partially repléced with a
heteroatom, such as an oxygen atom.

As preferred polyalicyclic hydrocarbon groups represented
by X2, there can be mentioned an adamantyl group, a decalin group,
a norbornyl group, a norbornenyl group, a cedrol group, a group
containing a plurality of cyclohexyl groups, a group containing
a plurality of cycloheptyl groups, a groﬁp containing a plurality
of cyclooctyl groups, a group containing a plurality of
cyclodecanyl groups, a group containing a plurality of
cyclododecanyl groups and a tricyclodecanyl group. An adamantyl
group is most preferred from the viewpoint of dry etcﬂing
resistance. Chemical formulae of the polyalicyclic hydrocarbon
structures in the polyalicyclic hydrocarbon groups represented
by X, are the same as the above chemical formulae of the
polyalicyclic hydrocarbon structures in the groups each with’é
polyalicyclic hydrocarbon structure. Preferred ranges are also
the same. As the polyalicyclic hydrocarbon group represented by
X;, there can be mentioned a monovalent group cor;esponding to
any of the above-mentioned polyalicyclic hydrocarbon structures
in which a bonding hand is created at an arbitrary hydrogen atom.

Substituents may be introduced in these alicyclic
hydrocarbon groups. As such substituents, there can be mentioned
those set forth above as being introducible in the polyalicyclic
hydrocarbon structures.

In general formula (4), the position of ~0-Y-X, substitution
may be any of the para-, meta- and ortho-positions to the éite
of bonding to the principal chain of the polymer in the benzene

ring. The para-position is preferred.



10

15

WO 2014/104400 - 122 - PCT/JP2013/085328

In the present invention, it is most preferred for the
repeating units of general formula (3) above to be repeating units

of general formula (4’) below.

Ri3
—fCHz—éa—
1
X
ol
O
In general formula (4’), Ri3 represents a hydrogen atom or

a methyl group.

Ri3 in general formula (4’) is a hydrogen atom or a methyl
group, preferably a hydrogen atom.

In general formula (4’), the position of substitution with
the adamantyl ester group may be any of the para-, meta- and
ortho-positions to the site of bonding to the p;incipal chain of
the polymer in the benzene ring. The para-position is preferred.

Specific examples of the repeating units of general formula

(3) are shown below.
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When thé resin (A2). comprises a repeating unit with the
structure in which the hydrogen atom of phenolic hydroxyl group
is replaced by the above group with a non-acid-decomposable
polyalicyclic hydrocarbon structure, the content of this
repeating unit is preferably in the range of 1 to 40 mol$%, more
preferably 2 to 30 mol%, based on all the repeating units of the
resin (A2) as a polymeric compound. |

It is also preferred for the resin (A2) for use in the present
invention to further comprise the following repeating units
(hereinafter also referred to as “other repeating units”) as
fepeating units other than the foregoing repeating units.

As examples of polymerizable monomers for the formation of
such other repeating units, there can be mentioned styrene, an
alkyl-substituted styrene, an alkoxy-substituted styrene, a
halogenated styrene, an O-alkylated styrehe, an O-acylated
styrene, a hydrogenated hydroxystyrene, maleic anhydride, an
acrylic acid derivative (acrylic acid, an acrylic ester or the
like), a methacrylic acid_derivative (methacrylic acid, a

methacrylic ester or the like), an N-substituted maleimide,
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acrylonitrile, methacrylonitrile, vinylnaphthalene,
vinylanthracene, an optionally substituted indene and the like.

It is optional for the resin (A2) tQ contain these other
repeating units. When these other repeating units are contained,
the content thereof in the resin (A2), based on all the repeating
units constituting the resin (A2), is generally in the range of
1 to 30 mol%, preferably 1 to 20 mol%, and more preferably 2 to
10 mol$%. |

The resin (A2) can be synthesized in accordance with the
heretofore known radical polymerization method, anion
polymerization method or living radical polymerization method
(iniferter method or the like). For example, in the anion
polymerization method, a vinyl monomer is dissolved in an
appropriate organic solvent, and reacted generally in cooled
condition by use of a metal compound (butyllithium, etc.) as an
iﬁitiator, thereby obtaining a polymer.

As the resin (A2), use can also be made of a polyphenol
compound (for example, JP-A-2008-145539) produced by a
condensation reaction between an aromatic ketone or aromatic
aldehyde and a compound containing 1 to 3 phenolic hydroxyl groups;
a calixarene derivative (for example, JP-A-2004-18421); a Noria
derivative (for example, JP-A-2009-222920); or a polyphenol
derivative (for example, JP-A-2008-94782). The resins may be
synthesized through modification by a polymer reaction.

Preferably, the resin (A2) is prepared by synthesizing a
polymer in accordance with the radical polymerization method or
anion.polymérization method and modifying the polymer through a

polymer reaction.
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The weight average molecular weight of the resin (A2) is
preferably in the range of 1000 to 200,000, more preferably 2000
to 50,000 and further more preferably 2000 to 15,000.

The polydispersity index (molecular weight distribution,
Mw/Mn) of the resin (A2) is preferably 2.0 or below. From the
viewpoint of sensitivity and resolution enhancements, the
polydispersity index is preferably in the range of 1.0 to 1.80,
more preferably 1.0 to 1.60 and most preferably 1.0 to 1.20. The
useofliviﬁgpolymerization;suchaslivinganionpolymerization,
preferably uniformizes the polydispersity index (molecular
weight distribution) of obtained polymeric compound. The weight
average mblecular weight and polydispersity index of the resin
(A2) are defined as polystyrene—equivalént values determined by
GPC measurement.

The amount of resin (A2) added to the composition of the
present invention, based on the total solids of the composition,
is preferably in the range of 30 to 95 mass$%, more preferably.40
to 90 mass% and most preferably 50 to 85 mass%.

Specific examples of the resins (A2) are shown below, which

in no way limit the scope of the present invention.
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<Crosslinking agent (C)>

When the resin (A2) containing a phenolic hydroxyl group
is used as the resin (A) and when the composition of the present
invention is used in the formation of a negative pattern, it is
preferred for the composition of the present invention to contain
a compound (hereinafter referred to as “compound (Cy~
or "crosslinking agent”) containing two or more methylol groups

in its molecule as a crosslinking agent. The methylol groups
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mentioned herein are the groups of general formula (M) above.

As preferred crosslinking agents, there can be mentioned
a hydroxymethylated or alkexymethylated phencol compound, an
alkoxymethylated.melamine compound, an alkoxymethylglycoluril
compound and an alkoxymethylated urea compound. Arbitrary
substituents may be introduced in these. The compound (C) most
preferred as a crosslinking agent is an alkoxymethylglycoluril
derivative or phenol derivative of 1200 or less molecular weight
containing 3 to 5 benzene rings in each molecule and further
containing two or more hydroxymethyl or alkoxymethyl.groups in
total.

It is preferred for the alkoxymethyl group to be a
methoxymethyl group or an ethoxymethyl group.

Among these crosslinking agents, a phenol derivative
containing a hydroxymethyl group can be obtained by reacting a
corresponding phenol compound containing no hydroxymethyl group
with formaldehyde in the presence of a base catalyst. Further,
a phenol derivative containing an alkoxymethyl group can be
obtained by reacting a corresponding phenol derivative containing
a hydroxymethyl group with an alcohol in the presence of an acid
catalyst.

As other preferred examples of crosslinking agents, there
can be mentioned compounds each containing an N-hydroxymethyl
group or an N-alkoxymethyl group, such as an alkoxymethylated
melamine compound, an alkoxymethylglycoluril compound and an
alkoxymethyiated urea compound. |

These compounds include hexamethoxymethylmelamine,

hexaethoxymethylmelamine, tetramethoxymethylglycoluril,
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1,3-bismethoxymethyl-4,5-bismethoxyethyleneurea,
bismethqumethylurea and the like. These are disclosed in EP
0133216 A, West German Patent Nos. 3634671 and 3711264 and EP
0212482 A.

5 Among these crosslinking agents, those particularly

preferred are shown below.

In the formulae, each of L; to Lg independently represents

10 a hydrogen atom, a hydroxymethyl group, a methoxymethyl group,
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an ethoxymethyl group or an alkyl group having 1 to 6 carbon atoms.

In the present invention, the content of crosslinking agent,
based on the total solids of the composition of ﬁhe present
inventioncomprisingtheresin(A2)containinga;t@nolichydroxyl
group, is preferably in the rang‘e of 3 to 65 mass%, more preferably
5to50mass%. When the content of crosslinking agent falls within
the range of 3 to 65 mass%, not only can any deteriorations of
remaining film ratio and resolving power be prevented but also
the storage stability of the composition of thezpreéent invention
can be favorably maintained.

In the present invention, one type of crosslinking agent
(C) may be used alone, or two or more types thereof may be‘used
in combination. Using two or more types thereof in combination
is preferred from the viewpoint of favorable pattern shape.

For example, when any of the above phenol derivatives is
used in combination with another crosslinking agent, e.g., the
above compound containing an N-alkoxymethyl group, the ratio of
phenolderivative/othercrosslinkingégentintermsofnmlarratio
is generally in the range of 90/10 to 20/80, preferably 85/15 to
40/60 and more preferably 80/20 to 50/50.

<Basic compound>

From the viewpoint of diminishing any performance change
over time from exposure to baking, it is preferred for the
actinic-ray- or radiation-sensitive resin composition of the
present invention to contain a basic compound.

As preferred basic compounds, there can be mentioned the
compounds with the structures of the following formulae (A) to

(E) .
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In general formulae (A) and (E),

R?%%, R* and R?*® may be identical to or different from each

other, and each represent a hydrogen atom, an alkyl group
(preferably having 1 to 20 carbon atoms), a cycloalkyl group
(preferably having 3 to 20 carbon atoms) or an aryl group (having
6 to 20 carbon atoms). R?*" and R?°? may be bonded to each other
to thereby form a ring.

R?%3 | R?%% R2%5 gnd R?°® may be identical to or different from
each other, and each represent an alkyl group having 1 to 20 carbon
atoms.

With respect to the above alkyl group, as a preferred
substituted alkyl group, there cén be mentioned an aminoalkyl
group having 1 to 20 carbon atoﬁs, a hydroxyalkyl group having
1 to 20 carbon atoms or a cyanoalkyl group having i to 20 carbon
atoms.

In general formulae (A) and. (E), it is preferred for the

alkyl groups to be unsubstituted.

As preferred basic compounds, there can be mentioned
guanidine, aminopyrrolidine, pyrazole, pyrazoline, piperazine,
aminomorpholine,aminoalkylmorpholines,piperidiﬁeenuithelike.
As further'preferred compounds, there can be mentioned compounds
with an imidazole structure, a diazabicyclo structure, an onium
hydroxide structure, an onium carboxylate structure, a

trialkylamine structure, an aniline structure or a pyridine
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structure; alkylamine derivatives containing a hydroxyl group
and/or an ether‘bond; aniline derivatives containing a hydroxyl
group and/or an ether bond; and the like.

As the compounds with an imidazole structure, there can be
mentioned imidazole, 2,4,5-triphenylimidazole, benzimidazole,
2-phenylbenzimidazole and the like. As the compounds with a
diazabicyclo structure, there can be mentioned
1,4-diazabicyclol[2,2,2]octane,
1,5-diazabicyclo[4,3,0]lnon-5-ene,
1,8-diazabicyclol5, 4, 0lundec-7-ene and the like.  As the
compounds with an onium hydroxide structure, there_can be
mentioned tetrabutylammonium hydroxide, a triarylsulfonium
hydroxide, phenacylsulfonium hydroxide, and sulfonium hydroxides
containing a 2-oxoalkyl group, such as triphenylsulfonium
hydroxide, tris(t-butylphenyl)sulfonium hydroxide,
bis(t-butylphenyl)iodonium hydroxide, phenacylthiophenium
hydroxide, 2-oxopropylthiophenium hydroxide and the like. The
compounds with an onium carboxylate structure correspond to the
compounds with an onium hydroxide struéture wheréin the‘anion
moliety is a carboxylate, and as such, there can be mentioned, for
example, an acetate, adamantane-l-carboxylate, a perfluoroalkyl
carboxylate and the like. As the compounds with a trialkylamine
structure, there can be mentioned tri(n—butyl)aﬁine,
tri(n-octyl)amine and the like. As the aniline compounds, there
can be mentioned 2,6-diisopropylaniline, N,N-dimethylaniline,
N,N-dibutylaniline, N,N-dihexylaniline and the like. As the
alkylamine derivatives containing a hydroxyl group and/or an ether

bond, there can be mentioned ethanolamine, diethanolamine,
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triethanolamine, N-phenyldiethanolamine,

tris (methoxyethoxyethyl)amine and the like. As the aniline

derivatives containing a hydroxyl group and/or an ether bond,

there can be mentioned N,N-bis (hydroxyethyl)aniline and the like.
As preferred basic compounds,; there can be further mentioned

an amine compound containing a phenoxy group, an ammonium salt

compound containing a phenoxy group, an amine compound containing

a sulfonic ester group and an ammonium salt compound containing
a‘sulfonic ester group.

As the amine compound, use can be made of primary, secondaryv
and tertiary amine compounds. An amine compound having its at
least one alkyl group bonded to the nitrogen atom thereof is
preferred. Among the amine compounds, a tertiary amine compound
is preferred. In the amine compounds, as long as at least one
alkyl group (preferably having 1 to 20 carbon atoms) is bonded
to the nitrogen atom, a cycloalkyl group (preferably having 3 to
20 carbon atoms) or an aryl group (preferably having 6 to 12 carbon
atoms) besides the alkyl group may be bonded to the nitrogen atom.
In the amine compounds, it is preferred for the alkyl chain to
contain an oxygen atom so as to form an oxyalkylene group. The
number of oxyalkylene groups in each molecule is one or more,
preferably 3 to 9 and more preferably.4 to 6. The oxyalkylene
group is preferably an oxyethylene group (-CH,CH,0-) or an
oxypropylene group (-CH(CH;)CH,O- or -CH,CH,CH,0-), more
preferably an oxyethylene group.

As the ammonium salt compound, use can be made of primary,
secondary, tertiary and quaternary ammonium salt compounds. An

ammonium salt compound having its at least one alkyl group bonded
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to the nitrogen atom thereof is preferred. In the ammonium salt
compounds, as long as at least one alkyl group (preferably having
1 t‘o 20 carbon atoms) is bonded to the nitrogen atom, a cycloalkyl
group (preferably having 3 to 20 carbon atoms) or an aryl group
(preferably having 6 to 12 carbon atoms) besides the alkyl group
may be bonded to the nitrogen atom. In the ammoniumsalt compounds,

it is preferred for the alkyl chain to contain an oxygen atom so

‘as to form an oxyalkylene group. The number of oxyalkylene groups

in each molecule is one or more, preferably 3 to 9 and more
preferably 4 to 6. The oxyalkyleﬁe group is preferably an
oxyethylene group (-CHyCH;0-) or an oxypropylene group
(—CH(CH3)CH20— or -CH,CH,CH,0-), more preferably an oxyethylene
group.

As the anions of the ammonium salt compounds, there can be
mentioned a halogen atom, a sulfonate, a borate, a phosphate and
the like. Of these, a halogen atom and a sulfonate are preferred.
Among halogen atoms, chloride, bromide and iodidé are especially
preferred. Among sulfonates, an organic sulfonate having 1 to
20 carbon atoms is especially preferred. As the o_rganic sulfonate,
there can be mentioned an alkyl sulfonate having 1 to 20 carbon
atoms or an aryl sulfonate. A substituent may be introduced in
the al_kyl group in the alkyl sulfonate. As the substituent, there
can be mentioned, for example, fluorine, chlorine, bromine, an
alkoxy group, an acyl group, an aryl group or the 1ike. As specific.
examples of the alkyl sulfonates, there can be mentioned methane
sulfonate, ethane sulfonate, butane sulfonate, hexane sulfonate,

octane.sulfonate, benzyl sulfonate, trifluoromethane sulfonate,

- pentafluoroethane sulfonate, nonafluorobutane sulfonate and the
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like. As the aryl group in the aryl sulfonate, there can be
mentioned a benzene ring, a naphthalene ring or an anthracene ring .
A substituent may be introduced in the benzene ring, naphthalene
ring or anthracene ring. As preferred substituents, there can
be mentioned a linear or branched alkyl group having 1 to 6 carbon
atoms and a cycloalkyl group having 3 to 6 carbon atoms. As
specific examples of the linear or branched élkyl groups aﬁd
cycloalkylgroups,therecankxamentionednethyl,ethyl,n—propyl,
isopropyl,n—butyl,i—butyl,t—butyl,n—hexyl,cyclohexylandthe
like. As other substituents, there can be mentioned an alkoxy
group having 1 to 6 carbon atoms, a halogen atom, cyano, nitro,
an acyl group, an acyloxy group and the like.

The amine compound containing a phenoxy group and ammonium
salt compound containing a phenoxy group are those containing a
phenoxy group at the end of the alkyl group of the amine compound
or ammonium salt compound opposed to the nitrogen atom. A
substituent may be introduced in the phenoxy group. As the
substituent introducible in the phenoxy group, there can be

mentioned, for example, an alkyl group, an alkoxy group, a halogen

atom, a cyano group, a nitro group, a carboxyl group, a carboxylic

ester group, a sulfonic ester group, an aryl group, an>arélkyl
group, an acyloxy group, an aryloxy group or the like. The
substitution position of the substituent may be any of 2- to
6-positions. The number of substituents is optional within the
range of 1 to 5.

It is preferred for at least one oxyalkylene group.to be
present between the phenoxy group and the nitrogen atom. The

number of oxyalkylene groups in each molecule is one or more,
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preferably 3 to 9 and more preferably 4 to 6. The oxyalkylene
group is preferably an oxyethylene group (-CH;CH,0-) or an
oxypropylene group (-CH(CHj3)CH,0- or —CHZCH2CH20—), more
preferably an oxyethylene group.

The sulfonic ester group in the amine compound containing
a sulfonic ester group or ammonium salt compound containing a
sulfonic ester group ‘may be any of an alkyl sulfonate, a cycloalkyl
sulfonate and an aryl sulfonate. In the alkyl sulfonate, the
alkyl group preferably has 1 to 20 carbon atoms. In the cycloalkyl
sulfonate,thecycloalkylgrouppreferablyhas31x>20carbonatoms.
In the aryl sulfonate, the aryl group preferably has 6 to 12 carbon
atoms. .Substitﬁénts may be introduced in the alkyl sulfonate,
cycloalkyl sulfonate and aryl sulfonate. As preferred
substituents ,. there can be mentioned a halogen atom, a cyano group,
a nitro group, a carboxyl group, a carboxylic ester group and a
sulfonic ester group.

It is preferred for at least one oxyalkylene group to be
present between the sulfonic ester group and the nitrogen atom.
The number of oxyalkylene groups in each molecule is one Oor more,
preferably 3 to 9 and more preferably 4 to 6. The oxyalkylene
group is preferably. an oxyethylene group (-CH,;CH,0~) or an
oxypropylene group (—CH(CHQ(HhO— or -CH,CH,CH;0-), more
preferably an oxyethylene'group.

The following compounds are also preferred basic compounds .
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Besides the foregoing compounds, as basic compounds, use
can be made of the compounds described in sections [0180] to [0225]
of JP-A-2011-22560, sections [0218] to [0219] of JP-A-2012-137735
and sections [0416] to [0438] of International Publication
pamphlet WO 2011/158687 A1, etc. The basic compound may be a basic
compound or ammonium salt compound whose basicity is lowered upon
exposure to actinic rays or radiation.

One type of basic compound may be used alone, or two or more

-types thereof may be used in combination.

It is optional for the composition of the present invention
to contain a basic compound. When a basic compound is contained,
the content thereof is generaliy in the range of 0.001 to 10 mass$%,
preferably 0.01 to 5 mass%, based on the total solids of the
actinic-ray- or radiation-sensitive resin composition.

With respect to the ratio of the acid generator (including
acid generator (B’)) to basic compound used in the composition,
it is preferred for the acid generator/basic compound (molar
ratio) to fall within the range of 2.5 to 300. The reason is as
follows. It is preferred for the molar ratio to be 2.5 or higher
from the viewpoint of sensitivity and resolving power. It is
preferred for the molar ratio to be 300 or below from the viewpoint

of inhibiting any resolution deterioration due to thickening of

resist pattern over time from exposure to baking treatment. The



10

15

20

25

WO 2014/104400 - 140 - PCT/JP2013/085328

acid generator/basic compound (molar ratio) is more preferably
in the range of 5.0 to 200, further more preferably 7.0 to 150.

These basic compounds are preférably used together with a
low-molecular compound (D) to be déscribedﬁbelomzin.alnolar ratio
[low-molecular compound (D)/basic compound] of 100/0 to 10/90,
more preferably 100/0 to 30/70 and most preferably 100/0 to 50/50.

The term “basic compound" used herein does not include the
following low-molecular compound (D) containing a nitrogen atom
and containing a group leaving under the action of an acid.

<Low-molecular compound containing a nitrogen atom and
containing a group leaving under the action of an acid>

The composition of the present invention may contain a
low—molecularcompound(hereinafteralsoreferredtx>as“compound
(D)”) containing a nitrogen atom.and containing a group leaving
under the action of an acid.

The group leaving under the action of an acid is not
particularly limited. However, the group is preferably an wacetal
group, a carbonate group, a carbamate group, a tertiary este.r' group,
a tertiary hydroxyl group or a hemiaminal ether group, most
preferably a carbamate group or a hemiaminal ether group.

The molecular weight of the compound (D) containing a group
leaving under the action of an acid is pfeferably in the range
of 100 to 1000, more preferably 100 to 700 and most preferably
100 to 500.

It is preferred for the compound (D) to be an amine
derivative in which the group leaving under the’action.of an acid
is contained on its nitrogen atom.

The compound (D) may contain a carbamate group in which a
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protective group is provided on its nitrogen atom. The protective
group as a constituent of the carbamate group can be expressed

by general formula (d-1) below.
o R

)J\ )<Rb (@-1)

% 0T TR,

In general formula (d-1),

each of Rb’s independently represents a hydrogen atom, an

~alkyl group (preferably 1 to 10 carbon atoms), a cycloalkyl group

(preferably 3 to 30 carbon atoms), an aryl group (preferably 3
to 30 carbon atoms), an aralkyl group (preferably'l to 10 carbon
atoms) or an alkoxyalkyl group (preferably 1 to 10 carbon atoms).
Rb’s may be connected to each other to thereby form a ring.

Each of the alkyl groups, cycloalkyl gioups, éryl groups
and aralkyl groups represented by Rb’s may be substituted with
a functional group, such as a hydroxyl group, a cyano group, an
amino group, apyrrolidino group, a piperidino group, a morpholino
group Or an OxXO group, as Well as an alkoxy group or a halogen
atom. With respect to the alkoxyalkyl groups represented by Rb's,
the same substitution can be performed.

As the aikyl groups, cycloalkyl groups, aryl groups and
aralkyl groups represented by Rb’s (these alkyl groups, cycloalkyl
groups, aryl groups and aralkyl groups may be substituted with
the above functional group, alkoxy group or halogen atom), there
can be mentioned, for example, a group derived from a linear or

branched alkane, such as methane, ethane, propane, butane, pentane,
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hexane, heptane, octane, nonane, decane, undecane or dodecane;
a group as obtained by substituting the above alkane-derived group
with at least one or at least one type of cycloalkyl group, such
as a cyclobutyl group, a cyclopentyl group or a cyclohexyl group;
a group derived from a cycloalkane, such as cyclobutane,
cyclopentane, cyclohexane, cycloheptane, cyclooctane,
norbornane, adamantane or noradamantane; a group as obtained‘by
substituting the above cycloalkane-derived group with at least
one or at least one type of linear or branched alkyl group, such
as a methyl group, an ethyl group, an n-propyl group, an i-propyl
group, an n-butyl group, a 2-methylpropyl group, a 1-methylpropyl
gr_oui:v or a t-butyl group; a group derived from an aromatic compound,
such as benzene, naphthalene or anthracene; a group as obtained
by substituting the above aromatic-compound-derived group with
at least one or at least one type of linear or branched alkyl group,
such as a methyl group, an ethyl group, an n-propyl group, an
i-propyl group, an n-butyl group, a 2-methylpropyl group, a
1—methylpropyl group or a t-butyl group; a group derived from a
heterocyclic compound, such as pyrrolidine, piperidiﬁe,
morpholine, tetrahydrofuran, tetrahydropyran, indole, indoline;
quinoline, perhydroquinoline, indazole or benzimidazole; a group
as obtained by substituting the above
heterocyclic;compound—derived group with at least one or at least
one type of linear or branched alkyl group or
aromatic-compound-derived group; a group as obtained by
substituting the above linear or branched-alkane-derived group
or cycloalkane-derived group with at least one or at least one

type of aromatic-compound-derived group, such as a phenyl group,
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a naphthyl group or an anthracenyl group; any of groups as obtained
by substituting these substituents with a functional group, such
as a hydroxyl group, a cyano group, an amino group, a pyrrolidino

group, a piperidino group, a morphblino group Or an OX0 group;

-and the like.

Each of Rb’s is preferably a linear or branched alkyl group,

a cycloalkyl group or an aryl group, more preferably a linear or

. branched alkyl group or a cycloalkyl group.

As the ring formed by the mutual connection of two Rb's,
there can be mentioned an alicyclic hydrocarbon group, an aromatic
hydrocarbon group, a heterocyclic hydrocarbon group, any of
derivatives from these, or the like.

Particular structures of the groups of general formula (d-1)

are shown below.
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It is especially preferred for the compound (D) to have any

of structures of general formula (6) below.

(i)

In general formula (6), Ra represents a hydrogen atom, an
alkyl group, a cycloalkyl group, an aryl group or an aralkyl group.
When 1 is 2, two Ra’s may be identical to or different from each
other. Two Ra’s may be connected to each other to thereby form

10 aheterocycle in cooperationwith thenitrogen atom in the formula.
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The heterocycle may contain a heteroatom other than the nitrogen
atom in the formula.

Rb’s are as defined above in connection with general formula
(d-1). Preferred examples are also the same.

In the formula, 1 is an integér of 0 to 2, andm is an integer
of 1 to 3; and 1 and m satisfy the equality l+m=3.

In general formula (6), the alkyl group, cycloalkyl group,
aryl group and aralkyl group represented by Ra may be substituted

with the groups set forth above as being introducible in the alkyl

'group, cycloalkyl group, aryl group and aralkyl group represented

by RDb.

Particular examples of the alkyl groups, cycloalkyl groups,
aryl groups and aralkyl groups represented by Ra (these alkyl
groups, cycloalkyl groups, aryl groups and aralkyl groups may be
substituted with the above-mentioned groups) can be the same as
set forth above in connection with Rb.

As the heterocycle formed by the mutual connection of Ra’s,
preferably having up to 20 carbon atoms, there can be mentioned,

for example, a group derived from a heterocyclic compound, such

as pyrrolidine, piperidine, morpholine,

1,4,5,6-tetrahydropyrimidine, 1,2,3,4-tetrahydroquinoline,
1,2,3,6-tetrahydropyridine, homopiperazine, 4-azabenzimidazole,
benzotriazoie, 5-azabenzotriazole, 1H-1,2,3-triazole,
1,4,7-triazacyclononane, tetrazole, 7-azaindole, indazole,
benzimidazole, imidazo[l,2-alpyridine,
(1S,4S)-(+)-2,5-diazabicyclo[2.2.1]heptane,
1,5,7-triazabicyclo[4.4.0]dec-5-ene, indole, indoline,

1,2,3,4-tetrahydroquinoxaline, perhydrogquinoline or
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1,5,9-triazacyclododecane; a group as obtained by substituting
the above heterocyclic-compound-derived group with at least one
or at 1east.oné type of linear or branched-alkane-derived group,
cycloalkane-derived group, aromatic-compound-derived group,
heterocyclic-compound-derived group or functibnal group, such as
a hydroxyl group, a cyano group, an amino group, a pyrrolidino
group, a piperidino group, a morpholino group or.an OX0O group;
or the like.

Particular examples of compounds (D) especially preferred
in the present invention are shown below, which in no way limit:

the scope of the present invention.
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The compounds of general formula (6) can be synthesized in

accordance with the processes described in JP-A’s 2007-298569 and
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2009-199021, etc.

hlthepresentinvention,onetypeof]Lmhmolécularcompound
(D) in which a grbup leaving under the action of ‘an acid is
contained on a nitrogen atom may be used alone, or two or more
types thereof may be used in combination.

The content of compound (D) in the actinic-ray- or
radiation-sensitive resin composition of the present invention
is preferably in the range of 0.001 to 20 mass%, more preferably
0.001 to 10 mass% and further more preferably 0.01 to 5 mass%,
based on the total solids of the composition.

<Basic compound (E) whose basicity is lowered or lost upon
exposure to actinic rays or radiation>

The composition of the present invention may comprise a
basic compound (E) whose basicity is lowered or lost upon exposure
to actinic rays or radiation. As an example of the basic compound
(E) whose basicity is lowered or lost upon exposure to actinic
rays or radiation, there can be mentioned compounds described on
pages 171 to 188 of WO 2011/083872 Al. Further, as an example
of the basic compound (E) whose basicity is lowered or lost upon
exposure to actinic rays or radiation, there can be mentioned any
of sulfonium salt compounds of formula (al) below and any of

iodonium salt compounds of formula (a2) below.
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n,
N
| | T

F
®

a0

(a2)
(al)

In formulae (al) and (a2) above, each of R; to Rs
independently represents a hydrogen atom, an alkyl group, a
cycloalkyl group, an alkoxy group, a hydroxyl group or a halogen

5 atom. Z represents a counter anion, being, for example, OH,
R-COO", R-S03  or any of anions of formula (a3) below, in which |
R represents a monovalent organic group.

OH
x

" (a3)
10 In formula (a3) above, Rg represents a substituent, and ng
is an.integer of 0 to 4.
As examples of the compounds (E) of formulae (al) and (a2),
there can be mentioned the compounds of the following structural

formulae.
15°



WO 2014/104400 - 151 - PCT/JP2013/085328

<Hydrophobic resin (HR)>
The actinic-ray- or radiation-sensitive resin composition
of the present invention may further comprise a hydrophobic resin
5 (hereinafter also referred to as “hydrophobic resin (HR)” or
simply “resin (HR)”) especially when a liquid immersion expdsure
is applied thereto. It is preferred for the hydrophobic resin
(HR) to be different from the above-described resins (A).
This localizes the hydrdphobic resin (HR) in the surface
10 layer of the film. Accordingly, when the immersion medium is
water, the static/dynamic contact angle of the surface of the
resist film with respect to water can be increased, thereby
enhancing the immersion liquid tracking property.
Although the hydrophobic resin (HR) is preferably designed
15 so as to be localized in the interface as mentioned above, as
different from surfactants, the hydrophobic resin does not
necessarily have to contain a hydrophilic group in its molecule
and does not need to contribute toward uniform mixing of

polar/nonpolar substances.
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From the viewpoint of localization in the surface layer of
thefilm,jj:ispreferredfortjﬁahydrophobicresin (HR) to contain
at least one member selected from among a “fluorine atom,” a
“silicon atom” and a “CH; partial structure introduced in a side
chain portion of the resin.” More preferably, two or more members
are contained.

When the hydrophobic resin (HR) contains a fluorine atom
and/or a silicon atom, in the hydrophobic resin (HR), the fluorine
atom and/or silicon atom may be introduced in the principal chain
of the resin, or a side chain thereof.

When the hydrophobic resin (HR) contains a fluorine atom,
it is preferred for the resin to comprise, as a partial structure
containing a fluorine atom, an alkyl group containing a fluorine
atom, a cycloalkyl group containing a fluorine atom or an aryl
group containing a fluorine atom.

The alkyl group containing a fluorine atom (preferably
having 1 to 10 carbon atoms, more preferably 1 to 4 carbon.atoms)
is a linear or branched alkyl group having at least one hydrogen
atom thereof replaced by a fluorine atom. Further,
non-fluorine-atom substituents may be introduced therein.

The cycloalkyl group containing a fluorine atom is a mono-
or polycycloalkyl group having at least one hydrogen atom thereof
replaced by a fluorine atom. .Further, non-fluorine-atom
substituents may be introduced therein.

As the aryl group containing a fluorine atom, there can be
mentioned an aryl group, such as a phenyl or naphthyl group, having
at least one hydrogen atom thereof replaced by a fluorine atom.

Further, non-fluorine-atom substituents may be introduced
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therein.

As preferred alkyl groups containing a fluorine atom,
cycloalkyl groups containing a fluorine atom and aryl groups
containing a fluorine atom, there can be mentioned groups of
general formulae (F2) to (F4) below, whichjhowever'inrM)Wayilimit

the scope of the present invention.

Rs1  Reo
Rsa Res
ng —I'_Reg R65_—_R67
Rez —OH
R57 RSB ng
(F2) (F3) (F4)

In general formulae (F2) to (F4),

each of Rs7 to Reg independently represents a hydrogen atom,
a fluorine atom or an alkyi group (linear or branched), provided
that each of at least one of Rs7-Rg1, at least one of Rgy-Res and
at leést one of R¢s-Res independently represents a fluorine atom
or an alkyl group (preferably having 1 to 4 carbon atoms) having
at least one hydrogen atom thereof replaced by a fluorine atom.

It is preferred for all of Rs7-R¢; and Rgs—Rgs to represent
fluorine atoms. Each of Re, Rez and R¢g preferably represents an
alkyl group (especially havingl to 4 éarbon atoms) having at least
one hydrogen atom thereof replaéed by a fluorine atom, more
preferably a perfluoroalkyl group having 1 to 4 carbon atoms. Rgs
and Re3 may be connected to each other to thereby form a ring.

Specific examples of the groups of general formula (F2)
include a p-fluorophenyl group, a pentafluorophenyl group, a
3,5-di(trifluoromethyl)phenyl group and the like.

Specific examples of the groups of general formula (F3)
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include a trifluoromethyl grouﬁ, a pentafluoropropyl group, a
pentafluorocethyl group, a heptafluorobutyl group, a
hexafluoroisopropyl group, a heptafluoroisopropyl group, a
hexaflubro(Z—methyl)isopropylgroup,arxm@fluorobutylgroup,an
Octafluoroisobutyl group, a nonafluorchexyl group, a
nonafluoro—t—butyl group, a perfluoroisopentyl group, a
perfluorooctyl group, a perfluoro(trimethyl)hexyl group, a
2,2,3,3-tetrafluorocyclobutyl group, a perfluorocyclohexyl
group and the like. OfAthese, a hexafluoroisopropyl group, a
hep;afluoroisopropyl group, a hexafluoro(2~methyl)isopropyl'
group, an octafluoroisobutyl group, a nonafluoro—t—butyl group
and a perfluoroisopentyl group are preferred. A
hexafluoroisopropyl group and a heptafluoroisopropyl group are
more preferred.

‘Specific examples of the groups of general formula (F4)
include -C(CF3);0H, -C(C;Fs)20H, -C(CF3) (CH3)OH, -CH(CF3)OH and the
like. -C(CF3),;0H is preferred.

Each of the partial structures containing a fluorine atom
may be directly bonded to the principal chain, or may be bonded
to the principal chain via a group selected from the group
consisting of an alkylene group, a phenylene group, an ether bond,
althioether‘bond, a carbonyl group, an ester bond, an amide bond,
a urethane bond and a ureylene bond, or via a group composed of
a combination of two or more of these.

Particular examples of the repeating units containing a
fluorine atom are shown below, which in no way limit.the scope
of the preseht invention.

In the particular examples, X; represents a hydrogen atom,
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-CH3, -F or -CF3;. X; represents -F or -CF;.

?1 X1 x1 X1 x1
fod fodF Ao fofd fady
o ii\ 0 O o] 0
CF, FiC Fa 3F7 i

C4Fo

X

‘ #H;_j\%- ‘(-CH%[ -(—CH2 sz:j— —écnzj;?— |

6F13

F C
F3C 3 FzC 2
F2

Fz

forph Aonpd o), ey
s

F ‘ CF2 :
&HF,

—(—Cszx}- _60“2 ﬁ fCHzo—xz_)
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The hydrophobic resin (HR) may contain a silicon atom. It
is preferred for the hydrophobic resin (HR) to be a resin with
an alkylsilyl structure (preferably a trialkylsilyl group) or a
5 cyclosiloxane structure as a partial structure containing a
silicon atom.
As the alkylsilyl structure or cyclosiloxane structure,
there can be mentioned, for example, any of the groups of general

formulae (CS-1) to (CS-3) below or the like.
10 '

|
Ls
ll_ IL N R
3 Riss_|. /SI—O7S|
R..—S _Si_ Raa O | O l
1279 Ry, (I) ? Sl'_o_ésl'_Rmo
Ria Ris—Si Si—R
10 / o~ \R " OR237SIIO—O7SIi\
Rz " 07 | 07 TRy
n Si—0—Si
R \
25
(CS-1) (CS-2) (CS-3)

In generél formulae (CS-1) to (CS-3),
each of RQ to Ry independently represents a linear or
branched alkyl group (preferably having 1 to 20 carbon atoms) or
15 é cycloalkyl group (preferably having 3 to 20 carbon atoms).
Each of L3 to Ls represents a single bond or a bivalent

connecting group. As the bivalent connecting group, there can
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be mentioned any one, or a combination (preferably up to 12 carbon
atoms in total) of two or more members, 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.

In the formulae, n is an integer of 1 to 5, preferably an
integer of 2‘to 4. -

As mentioned above, it is also preferred for the hydrophobic
resin (HR) to contain a CH; partial structure in its side chain
portion.

Herein, the CH; partial structure (hereinafter also simply

referred to as “side-chain CH; partial structure”) contained in

-a side chain portion of the resin (HR) includes a CH; partial

structure contained in an ethyl group, a propyl group or the like.

In contrast, a methyl group (for example, an o-methyl group
in the repeating unit with a methacrylic acid structure) directly
bonded to the principal chain of the resin (HR) is not included
in the CH3 partial structure according to the present invention,

since the contribution thereof to the surface localization of the

resin (HR) is slight due to the influence of the principal chain.

In particular, when the resin (HR) comprises, for example,
a repeating unit derived from a monomer containing a polymerizable
Ihoiety having a carbon-carbon double bond, such as any of repeating
units of general formula (M) below, and when each of Ri; to Ris
is CH; “per se, ” the CH; is not included in the CH; partial structure
contained in a side chain portion according to the present
invention. |

In contrast, a CH; partial structure arranged via some atom



10

15

20

25

WO 2014/104400 - 158 - PCT/JP2013/085328

apart from the C-C principal chain corresponds to the side-chain
CH3 partial structure according to the present invention. For
example, when R;; is an ethyl group (CH;CH;), it is deemed that
“one” CH3 partial structure according to the present invention

is contained.

Ri1 Rys

1

Rz Ry

(M)

In general formula (M) above,

each of R;; to Rjy independently represents a-side—chain
portion.

As the side chain portion R;; to Rjs, there can be mentioned
a hydrogen atom, a monovalent organic group and the like.

As the monovalent organic group represented by each of Ri;
to Ri4, there can be mentioned an alkyl grdup, a cycloalkyl group,
an aryl group, an alkyloxycarbonyl group, a cycloalkyloxycarbonyl
group, an_aryloxycarbonyl group, an alkylaminocarbonyl group, a
cycloalkylaminocarbonyl group, an arylaminocarbonyl group or the
like. Substituents may further be introduced in these groups.

It is preferred for the hydrophobic resin (HR) to be a resin
Comprising a repeating unit containing a CH3jpartial structure
inits side chainportion. More preferably, the hydrophobic resin
(HR) comprises, as such a repeating unit, at least one repeating
unit (x) selected fromamong the repeating units of general formula
(IT) below and repeating units of general formula (III) below.

The repeating units of general formula (II) will be
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described in detail below.

X1
) {/\‘%*
A

o~ O

:

(1N

Iﬁgeneralformula(II)above,Xblrepresentseahydrogenatom,
an alkyl group,; a cyano group or a halogen atom. . R, represents
an organic group having at least one CH; partial structure and
being stable against acids. Herein, in particular, it is
preferred for the organic group stable against acids to be an
organic group not containing “ény group that when acted on by an
acid, is decomposed to thereby produce a polar group” described
above in connection with’the resin (A).

The alkyl group represented by Xy is preferably'one having
1 to 4 carbon atoms, such as a methyl group, an ethyl group, a
propyl group, a hydroxymethyl group or a trifluoromethyl group.
A methyl group is preferred.

Preferably, Xp is a‘hydfogen atom or a methyl group.

As Ry, there can be mentioned an alkyl group, a cycloalkyl
group, an alkenyl group, a cycloalkenyl group, an aryl group and
an afalkyl group each containing at least one CH; partial structure.
An alkyl group as a substituent may further be introduced in each
of the above cycloalkyl group, alkenyl group, cycloalkenyl group,
aryl group and aralkyl group. | |

R; is preferably an alkyl group or alkyl-substituted

cycloalkyl group containing at least one CH; partial structure.
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The organic group stable againétyacids containing at least
one CH; partial structure represented by R, preferably coﬁtains
2 to 10 CH; partial structures, morejpreferabiy'z to 8 CH; partial
structures.

The alkyl group containing at least one CH; partial structure
represented by R, is preferably‘a branched alkyl group having 3

to 20 carbon atoms. As preferred alkyl groups, there can be

mentioned, for example, an isopropyl group, an isobutyl group,

a t-butyl group, a 3-pentyl group, a 2-methyl-3-butyl group, a
3—heXy1 group, a 2fmethy1—3¥penty1 group, a 3-methyl-4-hexyl
group, a 3,5-dimethyl-4-pentyl groﬁp, an isooctyl group, a -
2,4,4-trimethylpentyl group, a 2¥ethylhexyl group, a
2,6-dimethylheptyl group, a 1,5-dimethyl-3-heptyl group, a
2,3,5,7-tetramethyl-4-heptyl group and the like. An isobutyl
group, a t-butyl group, a 2-methyl-3-butyl group, a
2-methyl-3-pentyl group, a 3-methyl-4-hexyl group, a
3,5—diﬁethyl—4—pentyl group;, a 2,4,4-trimethylpentyl group, a
2-ethylhexyl group, a 2,6-dimethylheptyl group, a

1,5-dimethyl-3-heptyl group and a 2,3,5,7-tetramethyl-4-heptyl-

group are more preferred.

The cycloalkyl group containing‘at least one CH; partial
structure represented by Rznﬁy'be monocyclic or polycyclic. In
particular, there can be mentioned groups with, for example,
monocyclo, bicyclo, tricyclo and tetracyclo structures each
having 5 or more carbon atoms. The cycloalkyl group preferably
has 6 to 30 carbon atoms, most preferably 7 to 25 carbon atoms.

As preferred cycloalkyl groups, there can be mentioned an

adamantyl group, a noradamantyl group, a decalin residue, a
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tricyclodecanyl group, a tetracyclododecanyl group, a norbornyl
group, a cedrol group, a cyclopentyl group, a cyclohexyl group,
a cycloheptyl group, é cyclooctyl group, a cyclodecanyl group and
a cyciododecanyl group. As more preferred cycloalkyl groups,
there can be mentioned an adamantyl group, a norbornyl group, a
cyclohexyl group, a cyclopentyl group, a tetracyclododecanyl
group and a tricyclodecanyl group. A norbornyl group, a
cyclopentyl group and a cyclohexyl group are more preferred.

The alkenyl group containing at least one CHj partial
structure represented by R, is preferably a linear or branched
alkenyl group having 1 to 20 carbon atoms. A branched alkenyl
group is more preferred.

The aryl group containing at least one CH; partial structure
represented by R; is preferably an aryl group having 6 to 20 carbon
atoms, such as a phenyl group or a naphthyl group. A phenyl group
is more preferred. |

The aralkyl group containing at least one CH; partial
structure represented by R; is preferably one having 7 to 12 carbon
atoms. For example, there can be mentioned a benzyl group, a
phenethyl group, a naphthylmethyl group or the like.

Examples of hydrocarbon groups each containing two or more
CH; partial structures represented by R, include an isopropyl group,
an isobutyl group, a t-butyl group, a 3-pentyl group, a
2-methyl-3-butyl group, a 3-hexyl group, a 2,3-dimethyl-2-butyl
group, a 2-methyl-3-pentyl group, a 3-methyl-4-hexyl group, a
3,5-dimethyl-4-pentyl group, an isooctyl group, a.
2,4,4-trimethylpentyl group, a 2-ethylhexyl group, a

2,6-dimethylheptyl group, a 1,5-dimethyl-3-heptyl group, a
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2,3,5,7-tetramethyl-4-heptyl group, a 3,5-dimethylcyclohexyl
group, a 3,5—diftert—butylcyclohexyl group, a
4-isopropylcyclohexyl group, a 4-t-butylcyclohexyl group, an
isobornyl group and the like. An isobutyl group, a t-butyl group,
a 2-methyl-3-butyl group, a 2,3-dimethyl-2-butyl group, a
2-methyl-3-pentyl group, a 3-methyl-4-hexyl group, a
3,5-dimethyl-4-pentyl groﬁp, a 2,4,4-trimethylpentyl group, a
2-ethylhexyl group, a 2,6-dimethylheptyl group, a
l,5—dimethyl—3—heptyl group, a 2,3,5,7-tetramethyl-4-heptyl
group, a 3,5—dimethyl¢yclohexy1 group, a
3,5-di-tert-butylcyclohexyl group, a 4—isopropyl¢yclohexyl
group, a 4-t-butylcyclohexyl group and an isobornyl group are more
preferred.

Preferred particular examples of the repeating units of
general formula (II) are shown below, which in no way limit the

scope of the present invention.
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It is preferred for the fepeating'units of general formula
(IT) to be thbse stable against acids (non-acid-decomposable),
jilparticular, repeating units containing none of groups that are
5 decomposed under the action of an acid to thereby produce polar
groups.
The repeating units of general formula (ITI) will be

described in detail beiow.
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Xp2

*

R

(I

In general formula (III) above, Xp; represents a hydrogen
atom, an alkyl group, a cyano group or a halogen atom. R;j
represents an organic group having at least one CH; partial
structure and being stable against acids; and n is an integer of
1 to 5.

The alkyl group represented by Xp; is preferably one having
1 to 4 carbon atoms, such as a methyl group, an ethyl group, a
propyl group, a hydroxymethyl group or a trifluoromethyligroup.
A methyl group is more preferred.

Preferably, Xy, is a hydrogen atom.

R; is an organic group stable against acids. Inparticular,
Ry is preferably an organic group not containing “any' group that
when acted on by an acid, is decomposed to thereby produce a polar
group” described above in connection with th‘e resin (A) ..

As R3, there can be mentioned an alkyl group containing at
least one CH; partial structure.

The organic group stable aga‘inst acids containing at least
one CH3 partial structure represented by R; preferably contains
1 to 10 CH; partial sﬁructures, mdre preferably 1 to 8 CH; partial
struétures and further more preferably l to 4 CH; partial
structures.

The alkyl grbup containing at least one CH; partial structure

represented by R3 is preferably a branched alkyl group having 3



10

15

20

25

WO 2014/104400 - 165 - PCT/JP2013/085328

to 20 carbon atbms. As preferred alkyl groups, there can be
mentioned, for example, an isopropyl group, an isobutyl group,
a t-butyl group, a 3-pentyl group, a 2-methyl-3-butyl group, a
3-hexyl group, a 2-methyl-3-pentyl group, a 3-methyl-4-hexyl
group, a 3,5-dimethyl-4-pentyl group, an isooctyl group, a
2,4,4-trimethylpentyl group, a 2-ethylhexyl group, a |
2,6-dimethylheptyl group, a 1,5-dimethyl-3-heptyl group, a
2,3,5,7-tetramethyl-4-heptyl group and the like. An isobutyl
group, a t—butyl group, a 2—methyl—3—butyl group, a
2-methyl-3-pentyl group, a 3—methy1—4—heky1 group, a
3,5-dimethyl-4-pentyl group, a 2,4,4—trimethylpentyl group, a
2-ethylhexyl group, a 2,6-dimethylheptyl group, a
1,5—dimethyl—3—heptyl group and a 2,3,5,7—tetramethyl;4—heptyl
group are more preferred.

Examples of alkyl groups each containing two or more CH;
partial structures represented by R; include an isopropyl group,
an isobutyl group, a t-butyl group, a 3?pentyl group, a
2,3-dimethylbutyl group, a 2-methyl-3-butyl group, a 3-hexyl
group, a 2-methyl-3-pentyl group, a 3-methyl-4-hexyl group, a
3,5-dimethyl-4-pentyl group, an isooctyl group, a
2,4,4-trimethylpentyl group, a 2-ethylhexyl group;.a
2,6-dimethylheptyl group, a 1,5-dimethyl-3-heptyl group, a
2,3,5,7-tetramethyl-4-heptyl group and the like. Alkyl groups
having 5 to 20 carbon atoms are preferred, including an isopropyl
group, a t-butyl group, a 2-methyl-3-butyl group, a
2-methyl-3-pentyl group, a 3-methyl-4-hexyl group, a

3,5-dimethyl-4-pentyl group, a 2,4,4-trimethylpentyl group, a

v2—ethylhexyl group, a 2,6-dimethylheptyl group, a
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1,5-dimethyl-3-heptyl group and a 2,3,5,7—tetramethyl—4—heptyl
group are more preferred.

In the formula, n is an integer of 1 to 5, preferably 1 to
3, and more preferably 1 or 2.

Preferred particular examples of the repeating units of
general formula (IIi) are shown below, which in no way limit the

scope of the present invention.

It is preferred for the repeating units of general formula
(IIT) to be those stable against acids (non—acid;decomposable),
in particular, repeating units not containing any groups that are
decomposed under the action of an acid to thereby prdduce polar
groups.

When the resin (HR) contains a CH; partial structure in its
side chain portion and contains neither a fluorine atom nor a
silicon atom, the content of at least one repeating unit (x)
selected from among the repeating units of general formula (II)
and repeating units of general formula (III) based on all the
repeating units of the resin (HR) is preferably 90 mol% or more,
more preferably 95 mol% or more. The above content based on all
the repeating units of the resin (HR) is generally up to 100 mol$%.

When the resin (HR) contains at least one repeating unit

(x) selected from among the repeating units of general formula

(II) and repeating units of general formula (III) in an amount
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of 90 mol% or more based on all the repeating units of the resin
(HR) , the surface free energy of the resin (HR) is increased. As
a result, the localization of the resin (HR) in the surface of
the resist film is promoted, so that the static/dynamic contact
angle of the resist film with respect to water can be securely
increased, thereby enhancing the immersion liquid tracking
property.

In the instance of containing a fluorine atom and/or a
silicon atom (i) and also in the instance of containing a CH;
partiai structure in its side chain (i1i), the hydrophobic resin
(HR) may contain at least one group selected from among the
following groups (x) to (z). |

Namely,

{x) an acid group,

(y) agroupwith a lactone structure, an acid anhydridé group
or an acid imido group, and

(z) a group decomposed under the action of an acid.

As the acid group (x), there can be mentioned a phenolic
hydroxyl group, a carboxylic acid group, a fluoroalcohol group,
asulfonicacidgroup,easulfonamidogroup,easulfonylimidogroup,
an (alkylsulfonyl) (alkylcarbonyl)methylene group, an
(alkylsulfonyl) (alkylcarbonyl)imido group, a
bis(alkylcarbohyl)methylene group, a bis(alkylcarbonyl)imido
group, a bis(alkylsulfonyl)methylene group, a
bis(alkylsulfonyl)imido group, a tris(alkylcarbonyl)methylene
group, a tris(alkylsulfonyl)methylene group or the like.

As preferred acid groups, there can be mentioned a

fluoroalcohol group (preferably hexafluoroisopropanol), a
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sullfonimido gfoup and a bis(alkylcarbonyl)methylené g.jvroup.

The repeating unit containing an acid group (x) is, for
example, a repeating unit wherein the acid group is directly bonded
to the principal chain of a resin, such as a repeating unit derived
from acrylic acid or methacrylic acid. Alternatively, this
repeating unit may be a repeating unit wherein the acid group is
bonded via a connecting group to the principal chain of‘ a resin.
Still alternatively, this repeating unit may be a repeating unit
wherein the acid group is introduced in a terminal of polymer chain
by using a chain transfer agent or polymérization initiator
containing the acid group in the stage of polymerization. Any
of these repeating units are preferred. The repeating unit_
containing an acid group (x) may contain at least either a fluorine
atom or a silicon atom.

The content of repeating unit containing an acid group (x)
based on all the‘repeating'units of the hydrophobic resin (HR)
is preferably in the range of 1 to 50 mol%, more preferably 3 to
35 mol% and further more preferably 5 to 20 mol%.

Particular examples of fhe repeating units each containing
an acid group (x) are shown below, which in no way limit the scope
of the present invention. In the formulae, RX represents a

hydrogen atom, CH;, CF3; or CH,OH.
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Among the group'with a lactone structufe, acid anhydride
group and acid imido group (y), the group with a lactone structure
is most preferred.

The repeating unit containing any of these gronps is, for
example, a repeating unit wherein the group is directly bonded
to the principal chain of a resin, such as a repeating unit derived
froman acrylic ester or amethacrylic ester. Alternatively, this
repeating unit may be a repeating unit wherein the group is bonded
via a connecting group to the principal chain of a resin. Still
alternatively,thisrepeatingunitn@yixaarepeatingunitwherein
the group is introduced in a terminal of the resin by using a chain

transfer agent or polymerization initiator containing the group

in the stage of polymerization.

The repeating units each containing a group with a lactone
structure can be, for example, the same as tne repeating units
each with a lactone structure described above in the section of
the acid-decomposable resin (Al).

'I‘he content of repeating unit containing a group with a
lactone structure, an acid anhydride group or an acid imido group,
based on all the repeating units of the hydrophobic resin (HR),

is preferably in the range of 1 to 100 mol%, more preferably 3



10

15

20

25

WO 2014/104400 - 171 - PCT/JP2013/085328

to 98 mol% and further more preferably 5 to 95 mol%;

The repeating unit containing the group (z) decomposable
under the action of an acid in the hydrophobic resin (HR) can be
the same as any of the repeating units each containing an
acid-decomposable group set forth above in connection with the
resin (Al). The repeating unit containing the group (z)
decomposable under the action of an acid may contain at least
either a fluorine atomor a silicon atom. The content of repeating
unit containing the group (z) decomposable under the action of
an acid in the hydrophobic resin (HR), based on all the repeating
units of the resin (HR), is preferably in the range of 1 to 80
mol%, more preferably 10 to 80 mol% and further more preferably
20 to 60 mol%.

The hydrophobic resin (HR) may further comprise any of the

repeating units of general formula (III) below.

Res1
ol

La an

IIQCBZ

In general formula (III),

Re31 represents a hydrogen atom, an alkyl group (optionally
substituted with a fluorine atom or the like), a cyano group or
ény of groups of the formula -CH,-O-Rac, in which Rac, represents
a hydrogen atom, an alkyl group or an acyl group. Res; is preferably
a hydrogen atom, a methyl group, a hydroxymethyl group or a

trifluoromethylgroup,mostpreferablywahydrogenatommn:anethyl

group.
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Re3z represents a group containing an alkyl group, cycloalkyl
group, alkenyl group, cycloalkenyl group or aryl group. This
group may be substituted with a group containing a fluorine atom
or silicon atom.

L.3 represents a single bond or a bivalent connecting group.

In general formula (III), the alkyl group in Resz is

preferably a linear or branched alkyl group having 3 to 20 carbon

- - atoms.

The cycloalkyl group is preferably a cycloalkyl group having
3 to 20 carbon atoms.

Thé alkenyl group is preferably an alkenyl group having 3
to 20 carbon atoms.

The cycloalkenyl group is preferably a cycloalkenyl group
having 3 to 20 -carbon atoms.

The aryl group is preferably an aryl group having 6 to 20
carbon atoms. A phenyl group and a naphthyl group are more
preferred. Substituents may be introduced therein.

Preferably, Rc3z is an unsubstituted alkyl group or an alkyl
group substitutéd with a fluorine atom.

The bivalent connecting group represented by L¢; is
preferably an alkylene group (preferably having 1 to 5 carbon
atomé), an ether bond, a phenylene group or an ester bond (group
of the formula —COOT). |

The content of repeating unit expressed by general férmula
(III), based on all the repeating units of the hydrophobic resin,
is preferably in the range of 1 to 100 mol%, more preferably 10
to 90 mol% and further more preferably 30 to 70 mol%.

Preferably, the hydrophobic resin (HR) further comprises
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any of the repeating units of general formula (CII-AB) below.

()
Fo—c-

Re11' Reg2'

(Cl11—-AB)

In general formula (CII-AB),
5 each of Reci1r and Reizr independently represents a hydrogen
atom, a cyano group, a halogen atom or an alkyl group.
Zc’ represents an atomic group for forming an alicyclic
structure containing two mutually bonded carbon atoms (C-C).
The content of repeating unit expressed by general formula
10 (CII—AB),basedcnlalltherepeatingunitscﬁfthehydrophobicresin,
is preferably in the range of 1 to 100 mol%, more preferably 10
to 90 mol% and further more preferably 30 to 70 mol%.
Particular examples of the repeating units of general
formula (III) and general formula (CII-AB) are shown below, which
15 innoway limit the scope of the present invention. In the formulae,

Ra represents H, CH;, CH,0H, CF3; or CN.
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When the hydrophobic resin (HR) contains a fluorine atom,
the content of fluorine atom is preferably in the range of 5 to
80 mass$%, more preferably 10 to 80 mass%, based on the
5 weight-average molecular weight of the hydrophobic resin (HR).
The repeating unit containing a fluorine atom preferably accounts
for 10 to 100 mol%, more preferably 30 to 100 mol%, in all the
repeating units contained in the hydrophobic resin (HR).
When the hydrophobic resin (HR) contains a silicon atom,
10 the content of silicon atom is preferably in the range of 2 to
.50 mass%, more preferably 2 to 30 mass%, based on the
weight-average molecular weight éf the hydrophobic resin (HR).
The repeating unit containing a silicon atom preferably accounts
for 10 to 100 mol%, more preferably 20 to 100 mol%, in all the
15 repeating units contained in the hydrophobic resin (HR).

In contrast, especially when the resin (HR) contains a CHj;
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partial structure in its side-chain portion, a form of the resin
(HR) in which substantially neither a fluorine atom nor a silicon
atom is contained is also preferred. In that instance, in

particular, the content of repeating unit containing a fluorine
atom or a silicon atom, based on all the repeating units of the
resin (HR), is preferably 5 mol% or less, more preferably 3 mol%

or less, further more preferably 1 mol% or less, and ideally 0

mol%, namely, containing neither a fluorine atom nor a silicon

atom. .It is preferred for the resin (HR) to be comprised
substantially only of a repeating unit comprised only of atoms
selected from among a carbon atom, an oxygen atom, a hydrogen atom,
a nitrogen atom and a sulfur atom. In particular, the content
of repeating unit comprised only of atoms selected from among a
carbon atom, an oxygen atom, a hydrogen atom, a nitrogen atom and
a sulfur atom, based on all the repeating units of the resin (HR),
is preferably 95 mol% or greater, more preferably 97 mol% or
greater, further more preferably 99 mol% or less, and ideally 100
mol%. |
The standard-polystyrene-equivalent weight average

molecular weight of the hydrophobic resin (HR) is preferably in
the range of 1000 to 100,000, more preferably 1000 to 50,000 and
further more preferably 2000 to 15,000.

One type of hydrophobic resin (HR) may
be used alone, or two or more thereof may be used in combination.

The content of hydrophobic resin (HR) in
the composition, baéed on the total solids of the composition of
the present invention, is preferably in the range of 0.01 to 10

mass%, more preferably 0.05 to 8 mass% and further more preferably



10

15

20

25

WO 2014/104400 - 176 - PCT/JP2013/085328

0.1 to 7 mass$%.

Impurities, such as metals, should naturally be in low
quantities in the hydrophobic resin (HR), as in the resin (A).
The content of residual monomers and oligomer components 1is
preferably 0.01 to 5 mass%, more preferably 0.01 to 3 mass$% and
further more preferably 0.05 to 1 mass%. .Accordingly, there con
be obtained an actinic—ray— or radiation-sensitive resin
composition that is free from any change over time of in-liquid
foreign matter, sensitivity, etc. From the viewpoint of
resolution, resist shape, side wall of resist pattern, roughness,
etc., the molecular weight distribution (Mw/Mn, also referred to
as polydispersity index) thereof is preferably in the range of
1 to 5, more preferably 1 to 3 and further more preferably 1 to
2. -

A variety of commercialiy available productsvcan be used
as the hydrophobic resin (HR). Alternatively, the hydrophobic
resin (HR) can be synthesized in accordance with routine methods
(for example, radical polymerization). As general synthesizing
methods, there can be mentioned, for example, a batch
polymerization method in which a monomer species and an initiator
are dissolved in a solvent and heated to thereby carry out
polymerization, a dropping polymerizétion method in which a
solution of monomer species and initiator is dropped into a heated
solvent over a period of 1 to 10 hours, etc. The dropping
polymerization method is preferred.

The reaction solvent, polymerization initiator, reaction
conditions (temperature, concentration, etc.) and purification

method after reaction are the same as described above in connection
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with the resin (A). In the synthesis of the hydrophobic resin

(HR), it is preferred for the concéntration at reaction to range

from 30 to 50 mass$%.

Specific examples of the hydrophobic resins (HR) are shown

5 below. The following Tables will indicate the molar ratios of

individual‘répeating units (corresponding to individual

repeating units in the order from the left), weight average

molecular weight and polydispersity index with respect to each

of the resins.
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Table 1

Resin Compaosition M Hu Mn Resin Composition My M Mn
HR~1 50/50 4810 1.4 HR- 36 50/50 8000 1.5
HR~-2 50750 5100 1.6 HR-37 50/50 5000 1.5
HR-3 R0/5( 4800 1.5 HE~ 38 50,50 4000 1.4
HR~4 50/50 h300 1.6 HR~ 39 20/80 6000 1.4
HR-5 50/50 4500 1.4 HR- 40 50./50 7000 1.4
HR-B 100 5500 1.5 HR- 41 50/50 6500 1.6
HR-7 50/50 5800 1.9 HR- 42 50/50 200 1.8
HR-B 50./50 4200 1.3 HR~ 43 50./50 6000 1.4
HR-9 50 /50 5500 1.8 HR- 44 70/30 5500 1.6
HR-11 40/80 7500 1.8 HR- 45 50/20/30 4200 1.4
HR-11 70/30 6600 1.8 HR- 43 30/70 1500 1.5
HR-12 40/80 3900 1.3 HR- 47 40/58/2 4300 1.4
HR-13 50/50 8500 1.8 HR- 48 50/50 6800 1.8
HR-14 50/50 5300 1.8 HR~ 48 140 5500 1.5
HR-1% | 100 6200 1.2 HR-5&{ 5050 660D 1.6
HR-16 100 5600 1.6 HR-51 an/ 20,50 8800 1.7
HR-17 100 4410 1.3 HR-52 3545 5300 1.6
HR-18 50,/50 4200 1.4 HR-563 40,30 /30 4509 1.3
HR-19 R0/50 8500 1.6 HR-54 50,/30,/20 6500 1.8
HR-20 0/70 6500 1.5 HR-55 30/40/30 7000 1.5
HR-21 50 /50 6000 1.6 HR-56 60/40 5800 1.7
HR~ 22 50./50 3000 1.2 HR-57 40740720 4000 1.3
HR-23 50 /50 5000 1.5 HR-58 60 /40 3800 1.4
HR-24 50 /50 4500 1.4 HR-58 80./20 7400 1.6
HR-25 30/70 5000 1.4 HR-60 | 40/40/15/% 4800 1.5
HR- 25 50 /80 5500 1.5 HR-B1 6040 5600 1.5
HR-27 50 /50 3500 1.3 HR-62 50/50 5900 Z.1
HR-28 50./50 6200 1.4 HR-53 80/20 7000 1.7
HR~29 50/50 6500 1.6 HR-64 100 5500 1.8
HR-30 50/50 B500 1.6 HR-B5 50,50 8500 1.9
HR-31 50/50 4500 1.4

HR-32 30470 5000 1.6

HR-33 30,/30/40 550D 1.8

HR~34 B0 /50 4000 1.4

HR-35 50/50 6500 1.7
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Table 2
Resin | Composition Mw Mw/Mn
c-1 50/50 9600 1.74
c-2 60/40 34500 1.43
Cc-3 30/70 19300 1.69
c-4 90/10 26400 1.41
Cc-5 100 27600 1.87
C-6 80/20 4400 1.96
Cc-7 100 16300 1.83
C-8 5/95 24500 1.79
c-9 20/80 15400 1.68
C-10 50/50 23800 1.46
c-11 100 22400 1.57
C-12 10/90 21600 1.52
C-13 100 28400 1.58
C-14 50/50 16700 1.82
C-15 100 23400 1.73
C-16 60/40 18600 1.44
c-17 80/20 12300 1.78
C-18 40/60 18400 1.58
Cc-19 70/30 12400 1.49
Cc-20 50/50 23500 1.94
c-21 10/90 7600 1.75
Cc-22 5/95 14100 1.39
Cc-23 50/50 17900 1.61
C-24 10/90 24600 1.72
C-25 50/40/10 23500 1.65
C-26 60/30/10 13100 1.51
c-27 50/50 21200 1.84
Cc-28 10/90 19500 1.66
<Surfactant>

It is optional for the composition of the present invention

to further comprise a surfactant. The surfactant is preferably

a fluorinated and/or siliconized surfactant.

As such a surfactant, there can be mentioned Megafac F176

or Megafac R0O8 produced by DIC Corporation, PF656 or PF6320
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produced by OMNOVA SOLUTIONS, INC., Troy Sol S-366 produced by
Troy Chemical Co., Ltd., Florad FC430 produced by Sumitomo 3M Ltd.,
polysiloxane polymer KP-341 produéed.by Shin-Etsu Chemical Co.,
Ltd., or the like. |

Surfactants other than these fluorinated and/or siliconized
surfactants can also be used. In particular, the other

surfactants include polyoxyethylene alkyl ethers,

" polyoxyethylene alkyl aryl ethers and the like.

Moreover, heretofore known surfactants can also be
appropriately used. As useful surfactants, there can be
mentioned, for example, those described in section [0273] et seqg
of US Patent Application Publication No. 2008,/0248425 Al.

One of these surfactants may be used alone, or two or more
thereof may be used in combination.

It is optional for the actinic-ray- or radiation-sensitive
resin composition of the present invention to further comprise
a surfactant. When a surfactant is contained, the amountvof
surfactant added.is preferably in the range of 0.0001 to 2 mass%,
more preferably 0.0001 to 1 mass% and most preferably 0.0005 to
1 mass%, based on the total solids of the composition.

It is also preferred to regulate the amount of surfactant
added to 10 ppm or less, or nil. This regulatioh enhances the
localization of the hydrophobic resin in the surface layer,
thereby increasing the hydrophobicity of the resist film surface
and thus enhancing the water tracking property at the time of
liquid-immersion exposure.

<Solvent>

The actinic-ray- or radiation-sensitive resin composition
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of the present invention generally further comprises a solvent.
As the solvent, there can be.mentioned, for example, an
organic solvent, such as an alkylene glycol monoalkyl ether
carboxylate,analkyleneglycolnmnoalkylether,analkyllactate,
an alkyl alkoxypropionate, a cyclolactone (preferably having 4
to 10 carbon atoms), an optionally cyclized monoketone compound

(preferably having 4 to 10 carbon atoms), an alkylene carbonate,

-an alkyl alkoxyacetate or an alkyl pyruvate.

As preferred alkylene glyc01 monoalkyl ether carboxylates,
there can.be‘mentioned, for example, propylene glycoi monomethyl
ether acetate (PGMEA, also known as l-methoxy-2-acetoxypropane),
propylene glycol monoethyl ether acetate, propylene glycol
monopropyl ether acetate, propylene glycol monobutyl ether
acetate, propylene glycol monomethyl ether propionate, propylene
glycol monoethyl ether propionate, ethylene glycol monomethyl
ether acetate and ethylene glycol monoethyl ether acetate.

As preferred alkylene glycol monoalkyl ethers, there can
bementioned, for example, propylene glycol monomethyl ether (PGME,
also known as l-methoxy-2-propanol), propylene glycol monoethyl

ether, propylene glycol monopropyl ether, propylene glycol

monobutyl ether, ethylene glycol monomethyl ether and ethylene

glycol monoethyl éther.

As preferred alkyl lactates, there can be mentioned, for

example, methyl lactate, ethyl lactate, propyl lactate and butyl

lactate.
As preferred alkyl alkoxypropionates, there can be
mentioned, for example, ethyl 3-ethoxypropionate, methyl

3-methoxypropionate, methyl 3-ethoxypropionate and ethyl
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3-methoxypropionate.

As preferred cyclolactones, there can be mentioned, for
example, B-propiolactone, B-butyrolactone, y-butyrolactone,
a-methyl-y-butyrolactone, B-methyl-y-butyrolactone,
y-valerolactone, y-caprolactone, y-octanoic lactone and
a~hydroxy-y-butyrolactone.

As preferred'optionally cyclized monoketone compounds,

,therecanlxamentioned,forexample,Z—butanone,3—methylbutanone,

pinacolone, 2-pentanone, 3-pentanone, 3-methyl-2-pentanone,
4-methyl-2-pentanone, 2-methyl-3-pentanone,
4,4-dimethyl-2-pentanone, 2,4-dimethyl-3-pentanone,
2,2,4,4-tetramethyl-3-pentanone, 2-hexanone, 3-hexanone,
5-methyl-3—-hexanone, 2-heptanone, 3-heptanone, 4-heptanone,
2—methyl—3*heptanone,-5—methy1—3—heptanone,
2,6-dimethyl-4-heptanone, 2-octanone, 3-octanone, 2-nonanone,
3-nonanone, 5-nonanone, 2-decanone, 3-decanone, 4-decanone,
5-hexen-2-one, 3—penten—2—oﬁe, cyclopentanone,

2-methylcyclopentanone, 3-methylcyclopentanone,

2,2—dimethylcyclopentanone, 2,4,4-trimethylcyclopentanone,

cyclohexanone, 3-methylcyclohexanone, 4-methylcyclohexanone,

‘4—ethylcyclohexanone, 2,2-dimethylcyclohexanone,

2,6-dimethylcyclohexanone, 2,2,6-trimethylcyclohexanone,
cycloheptanone, 2-methylcycloheptanone and
3-methylcycloheptanone.

As preferred alkylene carbonates, there can be mentioned,
for example, propylene carbonate, vinylene carbonate, ethylene
carbonate and butylene carbonate.

As preferred alkyl alkoxyacetates, there can be mentioned,
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for example, acetic acid 2-methoxyethyl ester, acetic acid
2-ethoxyethyl ester, acetic acid 2-(2-ethoxyethoxy)ethyl ester,
acetic acid 3-methoxy-3-methylbutyl ester and acetic acid
l1-methoxy-2-propyl ester.

As preferred alkyl pyruvates, there can be mentioned, for
example, methyl pyruvate, ethyl pyruvate and propyl pyruvate.

As a preferably employable solvent, there can be mentioned
a solvent having a boiling point of 130°C or above measured at
ordinarytemperatureunderordinarypressufe. Forexampie,there
can be mentioned cyclopentanone, y-butyrolactone, cyclohexanone,
ethyllactate,ethyleneglycolnwnoethyletheracetate,propylene
glycol monomethyl ether acetate, ethyl 3-ethoxypropionate, ethyl
pyruvate, acetic acid 2-ethoxyethyl ester, acetic acid
2- (2-ethoxyethoxy)ethyl ester or propylene carbonate.

In the present invention, one of these solvents may be used
alone, or two or more thereof may be used in combination.

In the present inventibn, a mixed solvent comprised of a
mixture of a solvent containing a hydroxyl group in its strﬁcture
and a solvent containing no hydroxyl group may be used as the
organic solvent.

The solvent containing a hydroxyl group and thé solvent
containing no hydroxyl group can be appropriately selected from
among the compounds set forth above by way of éxample. The solvent
containing a hydroxyl group is preferably an alkylenevglycol
monoalkyl ether, an alkyl lactate or the like, more preferably
propylene glycol monomethyl ether or ethyl lactate. The solvent
containing no hydroxyl group is preferably an alkylene glycol

monoalkyletheracetate,analkylalkoxypropionate,ancmmionally
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cyclized monoketone compound, a cyclolactone, an alkyl acetate
or the like. Ofthese,propyléneglycolnmnomethyletheracetate,
ethyl ethoxypropionate, 2-heptanone, y-butyrolactone,
cyclohexanone and butyl acetate are especially preferred.
Propylene glycol monomethyl ether ‘acetate, ethyl
ethoxypropioﬁate and 2-heptanone are most preferred.

The mixing ratio (mass) of a solvent containing a hydroxyl
group and a solvent containing no hydroxyl group is in the range
of 1/99 to 99/1, preferably'10/90 to 90/10 and more preferably
20/80 to 60/40. Thendxedsolventcontainingéisolventcontaining
no hydroxyl group in an amount of 50 mass$ or more is especially
preferred from the viewpoint of uniform applicability.

‘It is preferred for the solvent to be a mixed solvent
comprised of two or more solvents containing propylene glycol
monomethyl ether acetate.

<Dissolution inhibiting compound of 3000 or less molecular
weight decomposed under the action of an acid to thereby increase
its solubility in an alkali developer>

From the viewpoint of not lowering the transmission of light
of 220 nm or shorter wavelength, it is preferred for the
dissolution inhibiting compound (hereinafter also referred to as
“dissolution inhibiting compound”) of 3000 or less molecular
weight decomposed under the action of an acid to thereby increase
its solubility in an alkali developer to be an alicyclic or
aliphatic compoundvéontaining an acid-decomposable group, such
as any of cholic acid derivatives containing an acid-decomposable
group described in Proceeding of SPIE, 2724, 355 (1996). The

acid-decomposable group and alicyclic structure can be the same
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as described above in connection with the resin (A).

When the actinic-ray- ér radiation-sensitive resin
composition of the present invention is exposed to a KrF excimer
laser or irradiated with electron beams, a compound with a
structure resulting from the replacement of the phenolic hydroxyl
group of a phenol compound with an acid-decomposable group is

preferably used as the dissolution inhibiting compound. The

phenol compound preferably contains 1 to 9 phenol skeletons, more

preferably 2 to 6 phenol»skeletons.

The amount of dissolutioﬁ inhibiting compound added, based
on the toﬁal solids of the actinic-ray- or radiation-sensitive
resin composition, is preferably in the range of 0.5 to 50 mass%,
more preferably 0.5 to 40 mass$%.

Specific examples of the dissolution inhibiting compounds

are shown below, which in no way limit the scope of the present

invention.
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<Other component>

The composition of the present invention may be l.oaded With,
otherthanthéforegoingcomponents,aicarboxylicacidoniumsalt,

5 adye, aplasticizer, a photosensitizer, a light absorbing agent,
etc.

<Method of forming pattern>

The method of forming a pattern according to the present
invention comprises the operations of exposing an actinic-ray-

10 or radiation-sensitive film to light and developing the exposed
film.

The actinic-ray- or radiation-sensitive film is formed from
the foregoing composition of the present invention. In
particular, the film is preferably'fofmed.on.a substrate. In the

15 method.éf forming a pattern according to the present invention,
all the operations of forming an actinic-ray- or
radiation-sensitive film from the composition of the present
invention on a substrate, exposing the actinic-ray- or
radiation-sensitive film to light and developing the exposed film

20 can be performed through generally known procedures. |

From the viewpoint of enhancement of resolving power, it
is preferred to use the actinic-ray- or radiation-sensitive resin
composition of the present invention in a film thickness of 30

to 250 nm. More preferably, the composition is used in a film
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thickness of 30 to 200 nm. This film thickness can be attained
by settinglthe solid content of the actinic-ray- or
radiation-sensitive resin composition within an appropriate
range so as to cause the composition to have an appropriate
viscosity, thereby improving the applicability and film forming
propert&.

The total solid content of the actinic-ray- or

. radiation-sensitive resin composition of the present invention

is generally in the range of 1 to 10 mass$%, preferebly 1 to 8.0
mass% and more preferably 1.0 to 6.0 mass$.

The actinic-ray- or radiation-sensitive resin composition
of the present invention is used in such a manner that the
above-described components are dissolved in a g;ven solvent,
filtered and applied onto a given support. The filter is
preferably prepared of a polytetrafluoroethylene, polyethylene
or nylon having a pore size of 0.1 um or less, preferably 0.05
pm or less and more preferably 0.03 umor less. In the filtration,
twe or more types of filters may be connected in series or parallel.
Moreover, the composition may be filtered two or more times.

Further, deaeration or the like of the composition may be performed

"prior to and/or after the filtration.

The composition is applied onto a substrate; such as one

for use in the production of integrated circuit elements (e.g.,

"silicon/silicon dioxide coating), by appropriate application

means, such as a spinner. Thereafter, the composition is dried.
Thus, an actinic-ray- or radiation-sensitive film can be obtained.
The thus formed film is exposed through a given mask to

actinic rays or radiation, preferably baked (heated), developed



10

15

20

25

WO 2014/104400 192 - PCT/JP2013/085328

and rinsed. Thus, a desirable pattern can be obtained. In the
exposure to electron beams, lithography through no mask (direct
lithography) is generally carried out. |

A prebake (PB) is preferably carried out after the film
formation but before the exposure operation.

It is preferred to perform post-exposure bake (PEB) after
the exposure operation but before the development operation.

In both PB and PEB, the baking temperature is preferably
in the range of 70 to 120°C, more preferably 80 to 110°C.

The baking time is preferably in the range of 30 to 300
seconds, more preferably 30 to 180 seconds and further more
preferably 30 to 90 seconds.

The baking cén be carried out by means provided in a
conventional exposure/development apparatus and may also be
carried out using a hot plate or the like.

The baking accelerates the reaction in exposed areas,
thereby enhancing the sensitivity and pattern profile.

The actinic rays or radiétion.is not particularly limited.
Examples thereof include a KrF excimer laser, an ArF excimer laser,
EUV light and electron beams. An ArF excimer laser, EUV light
and electron beams are preferred.

The developer for use in the operation of developing the
actinic-ray- or radiation-sensitive film formed of the
composition of the present inventioh is not particularly limited.
For example, use can be made of an alkali developer or a developer
comprising an organic solvent (hereinafter also referred to as
an organic developer).

As the alkali developer, use can be made of, for example,
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an alkaline aqueous solution containing an inorganic alkali, such
as sodium hydroxide, potessium hydroxide, sodium carbonate,
sodiumsilicate,sodiumn@tasilicaUeoraqueousammonia;apmimary
amine, such as ethylamine or n-propylamine; a secondary amine,
such as diethylamine or di-n-butylamine; a tertiary amine, such
as triethylamine or methyldiethylamine; an alcoholamine, such as
dimethylethanolamine or triethanolamine; a quaternary ammonium
salt, such as tetramethylammonium hydroxide or
tetraethylammonium hydroxide; a cycloamine, such as pyrrole or
piperidine; or the like. Appropriate amounts of an alcohol and/or
a surfactant may further be added to the above alkaline aqueous
solution before use. The alkali concentration of the alkali
developer is generally in the range of 0.1 to 20 mass%. The pH
value of the alkali developer is generally in the range of 10.0
to 15.0.

As the organic developer, use can be made of a polar solvent,
such as a ketone solvent, an ester solvent, an alcohol solvent,
an amide solvent or an ether solvent, and a hydrocarbon solvent.

As the ketone solvent, there can be mentioned, for example,

l-octanone, 2-octanone, l-nonanone, 2-nonanone, acetone,

2-heptanone (methyl amyl ketone), 4-heptanone, l-hexanone,

2-~hexanone, diisobutyl ketone,bcyclohexanone,
methylcyclohexanone, phenylacetone, methyl ethyl ketone, methyl
isobutyl ketone, acetylacetone, acetonylacetone, ionone,
diacetonyl alcohol, acetyl carbinol, acetophenone, methyl
naphthyl ketone, isophorone, propylene carbonate or the like.
As the ester solvent, there can be mentioned, for example,

methylkacetate, butyl acetate, ethyl acetate, isopropyl acetate,
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pentyl acetate, isopentyl acetate, amyl acetate, propylene glycol
monomethyletheracetate,ethyleneglycolnmnoethyletheracetate,
diethylene glycol monobutyl ether acetate, diethylene glycol
monoethyl ether acetate, ethyl 3-ethoxypropionate,
3-methoxybutyl acetate, 3-methyl-3-methoxybutyl acetate, methyl
fofmate, ethyl formate, butyl formate, propyl formate, ethyl
lactate, butyl lactate, propyl lactate or the like.

As the alcohol solvent, there can be mentioned, for example,
an alcohol, such as methyl alcohol, ethyl alcohol, n-propyl
alcohol, isopropyl alcohol, n—butyl alcohol, sec-butyl alcohol,
tert-butyl alcohol, isobutyl alcohol, n-hexyl alcohol, n-heptyl
alcohol, n-octyl alcohol of n-decanol; a glycol solvent, such as
ethylene glycol, diethylene glycol or triethylene glycol; a glycol
ether solvent, such as ethylene glycol monomethyl ether, propylene
glycol monomethyl ether, ethylene glycol monoethyl ether,
prqpylene glycol monoethyl ether, diethylene glycol monomethyl
ether, triethylene glycol monoethyl ether or
methoxymethylbutanol; or the like.

As the ether solvent, there can be mentioned, for example,

- not only any of the above-mentioned glycol ether solvents but also

dioxané, tetrahydrofuran or the like.

As the amide solvent, there can be mentioned, for example,
N-methyl-2-pyrrolidone, N,N-dimethylacetamide,
N,NQdimethylformamide, hexamethylphosphoric triamide,
1,3-dimethyl-2-imidazolidinone or the like.

As the hydrocarbon solvent, there can be mentioned, for
example, an aromatic hydrocarbon solvent, such as toluene or

Xylene, or an aliphatic hydrocarbon solvent, such as pentane,
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hexane, octane or decane.

Any two or more of these solvents may be mixed together
before use. Alternatively, any of the solvents may be mixed with
a solvent other than those mentioned above or water before use.
It is preferred for the content of water in the organic developer
to be less than 10 mass%. More preferably, the organic developer
contains substantially no trace of water.

Namely, the amount of organic solvent used in the organic
developer is preferably in the range of 90 to 100 mass%; more
preferably 95 to 100 mass%, based on the whole amount of the
developer.

It is especially preferred for the organic developer to be
a developer comprising at least one organic solvent selected from
;he group consisting of a ketone solvent, an ester solvent, an
alcohol solvent, an amide solvent and an ether solvent.

According to necessity, an appropriate amount of surfactant
can be added to the organic develdper. The surfactant is not
particularly limited. For example, use canbe made of any of ionic

and nonionic fluorinated and/or siliconized surfactants and the

- like. As such fluorinated and/or siliconized surfactants, there

can bementioned, for example, those described in JP-A’'s S62-36663
S61-226746, S61—226745, S62-170950, S63-34540, H7-230165,
H8-62834, H9-54432 and H9-5988, and USPs 5405720, 5360692, 5529881
5296330, 5436098, 5576143, 5294511 and 5824451. Nonionic
surfaétantsarepreferred. Although nonionic surfactants are not
particularly limited, using a fluorinated surfactant or
siliconized surfactant is preferred. The amount of surfactant

added is generally in the range of 0.001 to 5 mass%, preferably

7

4
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0.005 to 2 mass$% and more preferably 0.01 to 0.5 mass%, based on
the whole amount of the developer. | .

Pure water is used as a rinsé ligquid. Before the use thereof,
an appropriate amount of surfactant may be added thereto.

As the development method, use can be made of, for example,
a method in which the substrate is dipped in a tank filled with
a developer for a given period of time (dip method), a method in
which a developer is puddled on the surface of the substrate by
its surface tension.and.allowed.tolstand,still for a given period
of time to thereby effect development (puddle method), a method
in which a developer is sprayed onto the surface of the substrate
(spray method), or a method in which a developer is continuously
discharged onto the substrate being rotated at a given speed while
scanning a developer discharge nozzle at a given speed (dynamic
dispense method) .

Further, the development operation or rinse operatién.may
be followed by the operation of removing any developer or rinse
ligquid adhering on the pattern by use of a superc;itical fluid.

Prior to the formation of the actinic-ray- or

. radiation-sensitive film (resist film), the substrate may be

coated with an antireflection film.

As the antireflection film, use can be made of not only an
inorganic film of titanium, titanium dioxide, titanium nitride,
chromium oxide, carbon, amorphous silicon or the like but also
an organic fillﬁ comprised of a light absorbing agent and a polymer
material. Also, as an organic antireflection film, use can be
made of any of commercially available organic antireflection films,

such as DUV-30 Series and DUV-40 Series produced by Brewer Science
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Inc. and AR-2, AR-3 and AR-5 produced by Shipley Co., Ltd.

' Exposure (liquid immersion exposure) may be carried out
after filling the interstice between the film and a lens with a
liquid (immersion medium) of refractive index higher than that
of air at the time of exposure to actinic rays or radiation. This
enhances the resolution. The useful immersion medium is

preferably water. Water is preferred from the viewpoint of a low

‘temperature coefficient of refractive index, easy procurement and

easy handling.

Further, from the viewpoint of refractive index increase,
use can be made of a medium of 1.5 or higher refractive index.
Such a medium may be an aqueous solution or an organic solvent.

When water is used as an immersion liquid, any of additives
intended for an increase of refractive index, etc. may be added
to water in a slight proportion. Examples of such additives are
particularized in Chapter 12 of “Process and Material of Liguid
Immersion Lithography” published by CMC .Publishing Co., Ltd. On
the other hand, the presence of a substance being opague in 193 -nm
light, or an impurity whose refractive index is greatly different
from that of water, invites a distortion of optical image projected
on the film. Accordingly, it is preferred to use distilled water
as the immersion water. Further, use may be made of water having
been purified through an ion exchange filter or the like.
Desirably, the electrical resistance of purified water is 18.3
MQcm or higher, and the TOC (organic matter concentration) thereof
is 20 ppb or below. Prior deaeration of the water is desired.

For the prevention of any direct contact of the actinic-ray-

or radiation-sensitive filmwith the immersion liquid, a film that
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is highly insoluble in the immersion ligquid (hereinafter also
referred to as “top coat”) may be provided between the actinic-ray-
or radiation-sensitive film and the immersion liquid. The
functions to be fulfilledﬁby the top coat are applicability onto
the resist film, transparency in radiation of especially'193.nm
wavelength and high insolubility in the immersion liquid. It is
preferred to use, as the top coat, one that does not mix with the
resist film and is uniformly applicabie onto the actinic-ray- or
radiation-sensitive film. |

From the viewpoint of transparency at 193 nm, the top coat
is preferably comprised of a polymer containing no aromatic moiety.
As such a polymer, there can be mentioned, for example, a
hydrocarbon polymer, an acrylic ester polymer, polymethacrylic

acid, polyacrylic acid, polyvinyl ether, a siliconized polymer

or a fluoropolymer. Any of the above-mentioned hydrophobic

resins finds appropriate application in the top coat. When
impuritiesareleachedfrmnthetopcoatintotheimmersionliquid,
the optical lens is stained. Therefore, it is preferred to
effectively reduce the amount of residual‘monomer components of
polymer cdntained in the top coat.

When the top coat is detached, use may be made of a developer,
or a separate peeling agent. The peeling agent is preferably
comprised of a solvent exhibiting a lower permeation into the
actinic-ray- or radiation-sensitive film. Detachability by an
alkali developer is preferred from the viewpoint that the
detaching operation can be performed simultaneously with the
development processing operation for the‘resist. It is preferred

for the top coat to be acidic from the viewpoint of detachment



10

15

20

25

WO 2014/104400 - 199 - PCT/JP2013/085328

with the use of an alkali developer. However, from the viewpoint
of non—intermiscibility with the resist, the top coat may be
neutral or alkaline.

The difference in refractive index between the top coat.and
the immersion liquid is preferably nil or slight. If so, the
resolving power can be enhanced. When an ArF excimer laser
(wavelength: 193 nm) is used as an exposure light source, water
is preferably used as the immersion liquid. Accordingly, it is

preferred for the top coat for ArF liquid immersion exposure to

- exhibit a refractive index close to that of water (1.44).

From the viewpoint of transparency and refractive index,
it is preferred for the top coat to be a thin f£ilm. Préferably,
the top coat does not mix with the éctinic—ray—»or
radiation-sensitive film and also does not mix with the immersion
liquid. From this viewpoint, when the immersion liquid is water,
it is preferred for the solvent for use in the top coat to be highly
insoluble in the solvent used in the‘actinic—ray— or
radiation-sensitive resin composition of the presenﬁ.invention
and to be a non-water-soluble medium. In contrast, when the

immersion liquid is an organic solvent, the top coat may be soluble

‘or insoluble in water.

Furthermore, the present invention relates to a process for
manufacturing an electronic device in which the above-described
pattern forming method of the present invention is included, and
relates to an electronic device manufactured by the process.

The electronic device of the present invention can be
appropriately mounted in electrical and electronic equipments

(household electronic appliance, OA/media-related equipment,
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optical apparatus, telecommunication equipment and the like).
EXAMPLES
Embodiments of the present invention will be described in
greater detail below by way of its examples. However, the gist
of the present invention is in no way limited to these examples.
<Synthetic Example 1: synthesis of photoacid generator
(B-1)>

In a flask, 10.0 g of ethyl bromofluoroacetate, 6.8 g of

sodiumsulfite, 40 ml of acetonitrile and 20 ml of water were placed,

and agitated at 60°C for 5 hours. The thus obtained reaction
solution was transferred into a separatbry funnel, and the
separated water phase was washed with hexane‘twice. The thus
obtained aqueous solution was loaded with 18.6 g of
triphenylsulfonium bromide and:ZOnﬂ_of chloroform, and agitated
for an hour. The resultant reaction solutionwas transferred into
a separatory funnel, and the separated organic phase was washed
with water several times. The washed organic phase was
concentrated by means of an evaporator, thereby obtaining 20.2

g of desired compound (B-1) in the form of a white solid.

'H-NMR (300MHz, CDCls;) & = 7.81-7.60( m ,15H), 5.52( d ,1H),

4.31(m,4H), 1.38(t,3H).
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PF_NMR (300MHz, CDCl;) 8=—182.51 (d,1F).

The following other acid generators (B) were synthesized
in the same manner as in the synthesis of compound (B-1) above.

<Acid generator B>
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<Other acid generator>
Any of the following compounds as acid generators other than
the compounds (B) according to the present invention was used in

combination with compounds (B), or used for comparative purposes.
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C4FeSOY
s® ®
SR® SRS
PAG-X - PAG-Y

@E% o D) oo D)

(A-X) (A-Y)

<Resin (Al)>

The following resins were used as resins (Al).

A1-1 A1-2
Comp. ratio: 15/45/40 6\ Comp. ratio: 10/50/40

o Mw: 7700 oN Mw: 8400

Mw/Mn: 1.58 oH 0 Mw/Mn: 1.55

0

A1-3
t)fo /(’oi:)
_t_

Comp. ratio: 45/55 o0 0 )

Mw: 18000 6\  Comp. ratio: 10/50/10
O Mw/Mn: 1.65 o ~CN Mw: 10000
Mw/Mn: 1.59

o 0

A1-5 A1-6

% Comp. ratio: 70/30 .
© OH 0_0 Mw. 7500 Comp. ratio: 60/40
Y ‘/\O MwiMn: 1.17 OH o) 01/ > w8900
. —:F Mw/Mn: 1.16

A1 '7 A1 _8

@ Comp. ratio; 40/50/10 0”0 0”0
OH Mw: 12000 o< ) Comp. ratio: 20/50/30
O OH 0 Mw: 10000

Mw/Mn: 1.57
(0] Mw/Mn: 1.49

<Resin (A2)>

The following resins were used as resins (A2).
10

%
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A2-1 A2-2 A2-3
% E _ OH VP-5000 produced by
07‘/@ OH OH Nippon Soda Co., Ltd.
0
Comp. ratio: 10/90 Mw: 12000 Mw: 6000
Mw: 16000 Mw/Mn: 1.35 Mw/Mn: 1.15
Mw/Mn: 1.22
<Hydrophobic resin (HR)>
HR-1 HR-2

&k ook o

F.CNCE, Comp. ratio: 30/70 e Comp. ratio: 40/40/20
Mw: 15000 FsC” "CF3 6\ Mw: 7000
Mw/Mn: 1.58 0 - Mw/Mn: 1.67
S .

HR-3 HR-4
t)i; g\ig (Oji; Comp. ratio: 30/65/5 /(’oi)(')

A Y\r kCF Mw: 30000 CF Comp. ratio: 90/10

72 Mw/Mn: 1.68 O~"3 Mw: 9000

CHF, . S ] % O CF,3 Mw/Mn: 1.77

<Basic compound>
DIA: 2,6-diisopropylaniline,

TEA: triethanolamine,

DBA: N,N-dibutylaniline,

PBI: 2-phenylbenzimidazole,

PEA: N—phenyldiethanolamine,

TBAH: tetrabutylammonium hydroxide,
TBAB: tetrabutylammonium benzoate,

TOA: tri(n-octyl)amine, and

TPI: 2,4,5-triphenylimidazol.
<Low-molecular compound (D) containing a nitrogen atom and

containing a group leaving under the action of an acid>
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<Basic compound (E) that when exposed to actinic rays or

radiation, lowers or loses its basicity>

E-1

E-2

Q
o0

(0]
(0] OFFFO
n © W W 0]
0] OFFFO

: ©
O e O
@ OH ®

oo 0" ou A

CH,0Me  CH,OMe
N.__N N H,OMe
MeOH.C \W/.QT/N CH,OMe  MeO d: 2
OH NN :[:>=0
N MeO N\
MeOH,C™ "CH,OMe CH,OMe
cL2
cL-3

<Surfactant>

W-1: Megafac F176 (produced by DIC Corporatiomn,

fluorinated),

W-2: Megafac R08 (produced by DIC Corporation, fluorinated

and siliconized),

" W-3: PF6320 (produced by OMNOVA SOLUTIONS, INC.,

fluorinated),

W-4: Troy Sol S-366 (produced by Troy Chemical Co., Ltd.),
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and

W-5: polysiloxane polymer KP-341 (produced by Shin-Etsu
Chemical Co., Ltd., siliconized).

<Solvent>

S1l: propylene glycol monomethyl ether acetate (PGMEA),

S2: cyclohexanone,

S3: y-butyrolactone,

Bl: propylene glycol monomethyl ether (PGME), and

B2: ethyl lactate.

<Preparation of resist>

Dissolution of individual components in solvents as
indicated in each of the following Tables was carried out, thereby
obtaining solutions each of 4 mass% solid content. The solutions
were each passed through a polytetrafluorcethylene filter of 0.05
um pore size, thereby obtaining actinic-ray- or
radiation-sensitive resin compositions (resist compositions).
The actinic—fay— or radiation-sensitive resin compositions were
evaluated by the following methods, and the results are listed
in the Tables.

With respect to the individual components in the following
Téblés, when a plurality of different species thereof was used,
the ratio refers to a mass ratio.

<Evaluation of resist>

<Examples 1A to 252, and Comparative Examples 1A and 2A>

[Exposure Condition 1: ArF liquid immersion exposure,

~alkali development]

An organic antireflection film ARC29SR (produced by Nissan

Chemical Industries, Ltd.) was applied onto a 12-inch silicon
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wafer and baked at 205°C for 60 seconds, thereby forming a 98
nm-thick antireflection film. Each of the prepared actinic-ray-
or radiation—sensitiye resin compositions Was applied thereonto
and baked at 130°C for 60 seconds, therbeby forming a 120 nm-thick
resist film. When use was made of a top coat, a 3 mass% solution
obtained by dissolving a top coat resin in decane/octanol (mass

ratio 9/1) was applied onto the resist film and baked at 85°C for

60 seconds, thereby forming a 50 nm-thick top coat layer. The

resultant wafer was éexposed through a 6% half-tone mask of 48 nm
line width 1:1 line and space pattern to light by means of an ArF
excimer laser liquid immersion scanner (manufactured by ASML,
XT-17001i, NA 1.20, C-Quad, outer sigma 0.981, inner sigma 0.895,
XY deflection). Ultrapurewater was used as the immersion liquid.
Thereafter, the exposed wafer was baked at 100°C for 60 seconds,
developed by puddling with an aqueous solution of
tetramethylammonium hydroxide (2.38 mass%) for 30 seconds, rinsed
by puddling with pure water and spin dried, thereby obtaining a
positive resist pattern.

(Evaluation of sensitivity)

Each of the above obtained line/space=1/1 line patterns (ArF
‘1iquid immersion exposure, 48 nm line width) wés observed by means
of a scanning electron microscope (model S9380, manufactured by
Hitachi, Ltd.). The sensitivity was defined as the minimum
exposure energy at which a 48 nm line width line and space pattern
(line:space=1:1) could be resolved.

(Evaluation of resolving power)

The resolving power was defined as a limiting resolving

power (minimum line width at which a line and a space could be
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separated and resolved from each other) under the amount of
exposure exhibiting'the above sensitivity.

(Evaluation'of LWR)

Each of the aboVe obtained line patterns of line/space=1/1
(ArF liquid immersion exposuré: 48 nm line width) was observed
by means of a scanning electron microscope (model S9380
manufactured by Hitachi, Ltd.). In an edge 2 um region along the
longitudinal direction of the line pattern, the line width was
measured at 50 points. With respect to the dispersion of
measurements, the standard deviation was determined, and 3c was
computed therefrom. The smaller the value thereof, the more
favorable the performance exhibited.

(Evaluation of pattern shape)

The shape of a cross section of each 48 nm line width line

and space pattern (line:space=1:1) formed in the amount of

exposure exhibiting the above sensitivity was observed by means

of a scanning electron microscope (model S-4300, manufactured by
Hitachi, Ltd.) The pattern shape was graded into rectangle, taper
and T-top on a 3-point scale.

The obtained evaluation results are listed in Table 3 below.
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<Examples 1B to 25B, and Comparative Examples 1B and 2B>

[Exposure Condition 2: ArF liguid immersion exposure,
organic solvent development]

An organic antireflection.filn1ARC29SR.(producedﬁby]ﬂissan
Chemical Industries, Ltd.) was applied onto a 12-inch silicon
wafer and baked at 205°C for 60 seconds, thereby forming a 95
nm-thick antireflection film. Each of the prepared actinic-ray-
or radiation-sensitive resin compositions was applied thereonto
and baked (prebaked: PB) at_lOOOC for 60 seconds, thereby forming
a 100 nm-thick resist film.

The resultant wafer was exposed through a 6% half-tone mask
of 48 nm line width 1:1 line and space pattern to light by means
of an ArF excimer laser liquid immersion scanner (manufactured
by ASML, XT1700i, NA1.20, C-Quad, outer sigma 0.900, inner sigma
0.812, XY deflection). Ultrapure water was used as the immersion
liquid. Thereafﬁer, the eprsed.wafer was baked (post-exposure
baked: PEB) at 105°C for 60 seconds. The wafer after PEB was
developed by puddling with a negative developer (butyl acetate)
for 30 seconds, and rinsed by puddling with a rinse liquid [methyl
isobutyl carbindl (MIBC)] for 30 seconds. Thereafter, the wafer
was rotated at a rotating speed of 4000 rpm for 30 seconds, thereby
obtaining a 48 nm line width 1:1 line and space negative resist
pattern.

The evaluation of sensitivity, evaluation of resolving
power, evaluation of LWR and evaluation of pattern shape were
performed in the same manner as described above.

The evaluation results are listed in Table 4 below.
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<Examples 1C to 25C and Coinparative Examples 1C and 2C>
[Exposure Condition 3: exposure to EB (electron beams),
alkali development, positive pattern]
‘Each of the prepared actinic-ray- or radiation-sensitive
resin compositions was uniformly applied onto a silicon substrate
having undergone hexamethyldisilazane treatment by means of a spin

coater, and dried by baking on a hot plate at 120°C for 90 seconds.

- Thus, actinic-ray- or radiation-sensitive films (resist films)

each having a thickness of 100 nm were formed. Each of the formed
actinic-ray- or radiation-sensitive films was exposed to eleétron
beams by means of an electron beam irradiatingvapparatus (HL750
maﬁufactured by Hitachi, Ltd., acceleration voltage 50 KeV). The
exposed film was immediately baked on a hot plate at 110°C for
90 seconds. Thebaked filmwas developedwitha 2.38 mass$% agueous
tetramethylammonium hydroxide solution at 23°C for 60 seconds,
rinsed with pure water for 30 seconds and spin dried_. Thus,
positive resist patterns were obtained.

The evaluation of sensitivity, evaluation of resolving
power, evaluation of LWR and evaluation of pattern shape were
performed in the same manner as described above. .

The evaluation results are listed in Table 5 below.
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<EXamples 1D to 25D and Comparative Examples 1D and 2D>

[Exposure Condition 4: exposure to EB (electron beams),
alkali development, negative pattern]

Each of the prepared actinic-ray- or radiation—sensitive
resin compositions was uni fofmly applied onto a silicon substrate
havingundergonehexamethyldisilaéanetreatmentbyneansofeaspin
coater, and dried by baking on a hot plate at 120°C for 90 seconds.
Thus, actinic-ray- or radiation-sensitive films (resist films)
each having a thickness of 100 nm were formed. Each of the formed
actinié—ray— or radiation-sensitive films was exposed to electron
beams by means of an electron beam irradiating apparatus (HL750

manufactured by Hitachi, Ltd., acceleration voltage 50 KeV). The

“exposed film was immediately baked on a hot plate at 110°C for

60 seconds. The baked filmwas developedwith a 2.38 mass$% aqueous
tetramethylammonium hydroxide solution at 23°C for 60 seconds,

rinsed with pure water for 30 seconds and spin dried. Thus,

negative resist patterns were obtained.

The evaluation of sensitivity, evaluation of resolving
power, evaluation of LWR and evaluation of pattern shape were
performed in the same manner as described above.

The .evaluat;ion results are listed in Table 6 below.
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<Examples 1E to 25E, and Comparative Examples 1E and 2>

[Exposure Condition 5: exposﬁre to EUV (extreme
ultraviolet), alkali dévelopmént]

Each of the prepared actinic—ray— or radiation-sensitive
resin compositions was uni formly applied onto a silicon substrate
havingundergonehexamethyldisilazanetreqtmentbyneanscﬁfaspin
coater, and dried by baking on a hot plate at 120°C for 90 seconds.
Thus, actinic-ray- or radiation—senéitive films (resist films)
each having a thickness of 50 nm were formed. Each of the formed
actinic-ray- or radiation-sensitive films was exposed through a
reflective mask of 40 nm line width 1:1 line and space pattern

to EUV by means of an EUV exposure apparatus. The exposed film

- was immediately baked on a hot plate at 110°C for 60 seconds. The

baked film was developed with a 2.38 mass$ agueous
tetramethylammonium hydroxide solution at 23°C for 60 seconds,
rinsed with pure water for 30 seconds and spin dried. Thus,
positive resist patterns were obtained.

The evaluation of sensitivity, evaluation of resolving
power, evaluation of LWR and evaluation of pattern shape were
performed in the same manner as described above.

The evaluation results afe listed in Table 7 below.
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<Examples 1F to 25F, and Comparative Examples 1F and 2F>

[Exposure Condition 6: exposure to EUV (extreme
ultraviolet), organic solvent developmént]

Each of the prepared actinic-ray- or radiation-sensitive
resin compositions was uniformly applied onto a silicon substrate
having undergone hexamethyldisilazane treatment by means of a spin

coater, and dried by baking on a hot plate at 120°C for 90 seconds.

Thus, actinic—ray—'or radiation-sensitive films (resist films)

each having a thickness of 50 nm were formed. Each of the formed
actinic-ray- or radiation-sensitive films was exposed ﬁhrough a
reflective mask of 40 nm line width 1:1 line and space pattern
to EUV by means of-an EUV exposure apparatus. The exposed film

was immediately baked on a hot plate at 110°C for 60 seconds. The

~baked film was developed by puddling with butyl acetate for 30

seconds, baked at 90°C for 60 sechds and spin dried. Thus,
negative resist patterns were obtained.

~The evaluation of sensitivity, evaluation of resolving
power, evaluation of LWR and evaluation of pattern shape were
performed in the same manner as described above.

The evaluation results are listed in Table 8 below.
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CLAIMS
1. 2An actinic-ray- or radiation-sensitive resin
composition comprising a resin (A) and any of compounds (B) of

general formula (I) below,

in which

Rf represents a fluorine atom or a monovalent organic group
containing at least one fluorine atom;

R; represents a hydrogen atom or a monovalent substituent
containing no fluorine atom;

X, represents a monovalent organic group having at ieast
two carbon atoms, or a methyl group in which a substituent other
than a fluorine atom is optionally introduced, provided that X;
may be bonded to R; to thereby form a ring; and

Z represents a moiety that when exposed to actinic rays or
radiation, is converted to a sulfonic acid group, an imidic acid
group or a methide acid group.

2. The actinic-ray- or radiation-sensitive resin
composition according to claim 1, wherein X; in general formula
(I) above is any of organic groups of general formula (Ia) below,

—Ly1—Xy4 (1a)

in which

L;; represents a connecting group selected from among —COO-,
-0co0-, -co0-, -0-, -S-, -SO-, -S0-, -NH-, -C(=S)-, -CONR- (R is

a hydrogen atom, an alkyl group or a cycloalkyl group), an alkylene



10

15

20

25

WO 2014/104400 - 998 - PCT/JP2013/085328

'

group, a cycloalkylene group, an alkenylene group, an alkynylene
group, an arylene group and a group éomprised of a combination
of two or more of these, provided that the connecting group
represented by I;; contains no fluorine atom, and

X411 represents a substituent,

provided that the any of organic groups of general formula
(Ia) as a whole contains at least two carbon atoms.

3. The actinic-ray- or radiation-sensitive resin
composition according to claim 1, wherein Rf in genéral formula
(I) above is a fluorine atom or a perfluoroalkyl group having 1
to 4 carbon atoms.

4. The actinic-ray- or radiation-sensitive resin
composition according to claim 1, wherein the compounds (B) of

general formula (I) are compounds of general formula (II) below,

Rf O
Z_+_ll_ X, (1)
H

in which

Rf’ represents a fluorine atom or a perfluoroalkyl group
having 1 to 4 carbon atoms,

X; represents a monovalent organic group having at least
one carbon atom, and

Z represents a moiety that when eprsed to actinic rays or
radiation, is converted to a sulfonic acid group, an imidic acid
group or a methide acid group.

5. The actinic-ray- or radiation-sensitive resin

composition according to claim 4, wherein X; in general formula
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(IT) above is either *-0OR; or *-NRyRs, in which * represents a
position of bonding to the carbonyl group in general formula (II)
above; R; represents an alkyl group, a mono- or polycycloalkyl
group, an alkenyl group, an oxoalkyl group, an oxocycloalkyl group,
an aryl group, an aralkyl group or a lactone group; and each of
Ry and Rs independently represents a hydrogen atom, an alkyl group,
a mono- or polycycloalkyl group, an alkenyl group, an oxocalkyl
grqup, an oxocycloalkyl group, an aryl group, an aralkyl group
or a lactone group, provided that Rs and Rs are not simultaneously
hydrogen atoms, and provided that Rs and Rs may be bonded to each
other to thereby form a ring structure in cooperation with the
nitrogen atom to which Ry and Rs are bonded.

6. An actinic-ray- or radiation-sensitive £ilm formed from
the actinic-ray- or radiation-sensitive resin composition
according to claim 1.

7. A method of forming a pattern, comprising forming an

actinic-ray- or radiation-sensitive film from the actinic-ray-

or radiation-sensitive resin composition according to claim 1,
exposing the actinic-ray- or radiation-sensitive film to actinic
rays or radiation, and developing the exposed actinic-ray- or
radiation-sensitive film.
8. Compounds of general formula (IIa) below,
Rfa O |
Za—l—”—xza (lla)
H

in which

Rfa represents a fluorine atom or CFj;
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X2a represents an alkyl group, a cycloalkyl group, an alkoxy
group, a cycloalkyloxy group, an aryloxy group, an
adamantylmethyloxy group, an adamantylcarbonyl group, an
oxocycloalkyl group, an oxocycloalkyloxy group oOr *-NRs,Rs, in

which * represents a position of bonding to the carbonyl group

in general formula (IIa) above, and in which each of Rsy, and Rs,

independently represents an alkyl group or a cycloalkyl group,

'prdvided that R%_and'R% may be bonded to each other to thereby

form a ring structure in cooperation with the nitrogen atom to
which Ry, and Rs; are bonded; and
Za represents a moiety that when exposed to actinic rays

or radiation, is converted to a sulfonic acid group, an imidic

‘acid group or a methide acid group.
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