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1. 

RADATION-SENSITIVE RESN 
COMPOSITION, RESIST 

PATTERN-FORMING METHOD, POLYMER, 
AND METHOD FOR PRODUCING 

COMPOUND 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation application of 
International Application No. PCT/JP2014/055344, filed 
Mar. 3, 2014, which claims priority to Japanese Patent 
Application No. 2013-061138, filed Mar. 22, 2013. The 
contents of these applications are incorporated herein by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a radiation-sensitive resin 
composition, a resist pattern-forming method, a polymer, 
and a method for producing a compound. 

Discussion of the Background 
Upon irradiation with exposure light Such as an ArE 

excimer laser beam or a KrF excimer laser beam, chemically 
amplified radiation-sensitive resin compositions generate an 
acid from an acid generator at a light-exposed site, and a 
reaction catalyzed by the acid causes a difference in rate of 
dissolution in a developer Solution between a light-exposed 
site and a light-unexposed site, thereby forming a resist 
pattern on a Substrate. 

Along with the advance of microfabrication technologies, 
Such radiation-sensitive resin compositions are demanded 
not only to have a Superior resolution, but also to be capable 
of forming a highly accurate pattern that is advantageous in 
e.g., having a rectangular cross-sectional shape, and a small 
line-width-roughness (LWR) which is an indicative of a 
variation of the line width of the resist pattern. To address 
the demand, incorporation of various polar groups into a 
polymer contained in the radiation-sensitive resin composi 
tion has been investigated, and it is known that incorporation 
of a lactone ring Such as a norbornanelactone ring or a 
Y-butyrolactone ring can improve adhesiveness while main 
taining favorable sensitivity, resolution, and the like (see 
Japanese Unexamined Patent Application, Publication Nos. 
2000-26446, 2000-159758, H10-207069, and H10-274852). 

However, in these days when microfabrication of resist 
patterns has reached the level of a line width of no greater 
than 40 nm, the radiation-sensitive resin compositions are 
demanded not only to be further superior in the resolution 
and the rectangularity of the cross-sectional shape, but also 
to exhibit a superior depth of focus (DOF), and it is also 
demanded that a further accurate pattern can be formed in a 
high process yield. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, a 
radiation-sensitive resin composition includes a polymer 
comprising a first structural unit that comprises a group 
represented by formula (1), a radiation-sensitive acid gen 
erator, and an organic solvent. 
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(1) 

RP 
O O 

In the formula (1), R represents a hydrogen atom or a 
monovalent organic group, and * denotes a binding site to a 
rest of the first structural unit other than the group repre 
sented by the formula (1). 

According to another aspect of the present invention, a 
resist pattern-forming method includes providing a resist 
film using the radiation-sensitive resin composition. The 
resist film is exposed. The exposed resist film is developed. 

According to further aspect of the present invention, a 
polymer includes a structural unit that includes a group 
represented by formula (1"). 

(1") 

RP 
O O 

In the formula (1"), R represents a hydrogen atom, or an 
acid-nonlabile group obtained from a monovalent hydrocar 
bon group having 2 to 20 carbon atoms by incorporating 
between adjacent two carbon atoms thereof. —O—, 
CO-, -CO-O-, -SOO– or a combination thereof; 

and * denotes a binding site to a rest of the structural unit 
other than the group represented by the formula (1"). 

According to further aspect of the present invention, a 
polymer includes a first structural unit that comprises a 
group represented by formula (1), and a structural unit 
represented by formula (3-1), a structural unit represented by 
formula (3-2), a structural unit represented by formula (3-3), 
a structural unit represented by formula (3-4), or a combi 
nation thereof. 

(1) 
: O 

RP 
O O1 

RC (3-1) 

(OH) 
2y. 

-R', 
N 

(3-2) 
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-continued 
RC (3-3) 

(OH) 
2/ 

(R') 
N 
RC (3-4) 

1. 
21 

N 
LRD ) 

8 

In the formula (1), R represents a hydrogen atom or a 
monovalent organic group; and * denotes a binding site to a 
rest of the first structural unit other than the group repre 
sented by the formula (1). In the formulae (3-1) to (3-4), R's 
each independently represent a hydrogen atom or an alkyl 
group having 1 to 5 carbon atoms. In the formulae (3-1) to 
(3-3), "c's are each independently an integer of 1 to 3: R's 
each independently represent an alkyl group having 1 to 5 
carbon atoms; and “d's are each independently an integer of 
0 to 4, wherein a sum of c and d is no greater than 5, and 
wherein in a case where R is present in a plurality of 
number, a plurality of R's are each identical or different. In 
the formula (3-4), Land Leach independently represent a 
single bond, a methylene group, an alkylene group having 2 
to 5 carbon atoms, a cycloalkylene group having 3 to 15 
carbon atoms, an arylene group having 6 to 20 carbon atoms, 
or a divalent group obtained by combining a methylene 
group, an alkylene group having 2 to 5 carbon atoms, a 
cycloalkylene group having 3 to 15 carbon atoms or an 
arylene group having 6 to 20 carbon atoms with —O—, 
—CO— or a combination thereof; RP represents a hydrogen 
atom, a carboxy group, a monovalent chain hydrocarbon 
group having 1 to 5 carbon atoms, an alkoxy group having 
1 to 5 carbon atoms, an alkoxycarbonyl group having 2 to 5 
carbon atoms, or a group that comprises a hydroxy group at 
an end thereof and comprises at least one fluorine atom or 
fluorinated alkyl group on a carbon atom adjacent to the 
hydroxy group; and e is an integer of 1 to 5, wherein in a 
case where L and RP are each present in a plurality of 
number, a plurality of L's are each identical or different and 
a plurality of RPs are each identical or different. 

According to further aspect of the present invention, a 
method for producing a compound represented by formula 
(i-1), includes reacting a compound represented by formula 
(i-a) with a compound represented by formula (i-b-1). 

(i-a) 
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-continued 
(i-b-1) 

R 

O ONa 
(i-1) 

RI 

O 

R2 O 

O ORF 

in the formulae (i-a), (i-b-1) and (i-1), R represents a 
hydrogen atom or a monovalent organic group; X represents 
a halogen atom; R' represents a hydrogen atom, or a sub 
stituted or unsubstituted alkyl group having 1 to 5 carbon 
atoms; and R represents a methylene group, an alkylene 
group having 2 to 10 carbon atoms, a cycloalkylene group 
having 3 to 20 carbon atoms, an arylene group having 6 to 
20 carbon atoms, or a group obtained from an alkylene 
group having 2 to 10 carbon atoms or a cycloalkylene group 
having 3 to 20 carbon atoms by incorporating between 
adjacent two carbon atoms thereof. —CO—, —COO—, 
—SOO— or a combination thereof. 

According to further aspect of the present invention, a 
method for producing a compound represented by formula 
(i-2), includes reacting a compound represented by formula 
(i-a') with a compound represented by formula (i-b-2). 

(i-b-2) 

(i-2) 
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In the formulae (i-a'), (i-b-2) and (i-2), R represents a 
hydrogen atom or a monovalent organic group; X represents 
a halogen atom; R represents a hydrogen atom, or a Sub 
stituted or unsubstituted alkyl group having 1 to 5 carbon 
atoms; L represents a single bond, —COO— or 
—CONR' , wherein R represents a hydrogen atom or a 
monovalent hydrocarbon group having 1 to 10 carbon 
atoms; R represents an alkyl group having 1 to 5 carbon 
atoms, an alkoxy group having 1 to 5 carbon atoms or an 
acyl group having 2 to 5 carbon atoms; R represents a single 
bond, a methylene group, an alkylene group having 2 to 10 
carbon atoms, a cycloalkylene group having 3 to 20 carbon 
atoms, an arylene group having 6 to 20 carbon atoms, or a 
group obtained from an alkylene group having 2 to 10 
carbonatoms or a cycloalkylene group having 3 to 20 carbon 
atoms by incorporating between adjacent two carbon atoms 
thereof, —CO , —COO ... —SOO— or a combination 
thereof; “a” is an integer of 1 to 5; and “b' is an integer of 
0 to 4, wherein a sum of “a” and “b' is no greater than 5, and 
in a case where R, R and Rare each present in a plurality 
of number, a plurality of Rs are each identical or different, 
a plurality of R's are each identical or different and a 
plurality of Rs are each identical or different. 

DESCRIPTION OF THE EMBODIMENTS 

According to an embodiment of the invention made, a 
radiation-sensitive resin composition contains: a polymer 
having a structural unit that includes a group represented by 
the following formula (1) (hereinafter, may be also referred 
to as “(A) polymer or “polymer (A)'); a radiation-sensitive 
acid generator (hereinafter, may be also referred to as “(B) 
acid generator” or 'acid generator (B)'); and an organic 
solvent (hereinafter, may be also referred to as “(C) organic 
solvent' or “organic solvent (C)"), 

(1) 

RP 
O O 

wherein in the formula (1), R represents a hydrogenatom 
or a monovalent organic group; and * denotes a binding site 
to a rest of the structural unit other than the group repre 
sented by the formula (1). 

According to another embodiment of the present inven 
tion, a resist pattern-forming method includes: providing a 
resist film; exposing the resist film; and developing the 
exposed resist film, wherein the resist film is provided using 
the radiation-sensitive resin composition according to the 
above embodiment of the present invention. 

According to still another embodiment of the present 
invention, a polymer has a structural unit that includes a 
group represented by the following formula (1"): 

(1) 

RP 
O O1 

wherein in the formula (1), R represents a hydrogen 
atom, or an acid-nonlabile group obtained from a monova 
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6 
lent hydrocarbon group having 2 to 20 carbon atoms by 
incorporating between adjacent two carbon atoms thereof, at 
least one selected from the group consisting of —O—, 
CO , —CO—O and —SOO—; and * denotes a 

binding site to a rest of the structural unit other than the 
group represented by the formula (1"). 

According to yet another embodiment of the present 
invention, a polymer has: a structural unit that includes the 
group represented by the above formula (1); and at least one 
selected from the group consisting of structural units repre 
sented by the formulae (3-1) to (3-4). 

According to another embodiment of the present inven 
tion, a method for producing a compound represented by the 
following formula (i-1) includes reacting a compound rep 
resented by the following formula (i-a) with a compound 
represented by the following formula (i-b-1), 

(i-a) 

(i-b-1) 

(i-1) 

wherein in the formulae (i-a), (i-b-1) and (i-1), R repre 
sents a hydrogen atom or a monovalent organic group: X 
represents a halogen atom; R' represents a hydrogen atom, 
or a Substituted or unsubstituted alkyl group having 1 to 5 
carbon atoms; R represents a methylene group, an alkylene 
group having 2 to 10 carbon atoms, a cycloalkylene group 
having 3 to 20 carbon atoms, an arylene group having 6 to 
20 carbon atoms, or a group obtained from an alkylene 
group having 2 to 10 carbon atoms or a cycloalkylene group 
having 3 to 20 carbon atoms by incorporating between 
adjacent two carbonatoms thereof, at least one selected from 
the group consisting of —CO—, —COO— and —SOO 

According to a still other embodiment of the present 
invention, a method for producing a compound represented 
by the following formula (1-2) includes reacting a compound 
represented by the following formula (i-a') with a compound 
represented by the following formula (i-b-2), 

X (i-a') 

R O 

O ORF 



US 9,703,195 B2 
7 

-continued 
(i-b-2) 

(i-2) 

wherein in the formulae (i-a'), (i-b-2) and (i-2), R rep 
resents a hydrogen atom or a monovalent organic group: X 
represents a halogen atom; R represents a hydrogen atom, 
or a Substituted or unsubstituted alkyl group having 1 to 5 
carbon atoms; L represents a single bond, —COO— or 
—CONRY , wherein RY represents a hydrogen atom or a 
monovalent hydrocarbon group having 1 to 10 carbon 
atoms; R represents an alkyl group having 1 to 5 carbon 
atoms, an alkoxy group having 1 to 5 carbon atoms or an 
acyl group having 2 to 5 carbon atoms; R represents a single 
bond, a methylene group, an alkylene group having 2 to 10 
carbon atoms, a cycloalkylene group having 3 to 20 carbon 
atoms, an arylene group having 6 to 20 carbon atoms, or a 
group obtained from an alkylene group having 2 to 10 
carbonatoms or a cycloalkylene group having 3 to 20 carbon 
atoms by incorporating between adjacent two carbon atoms 
thereof, at least one selected from the group consisting of 
CO— —COO and—SOO ; “a” is an integer of 1 to 

5; and “b' is an integer of 0 to 4, wherein a sum of “a” and 
“b” is no greater than 5, and in a case where R, R and R' 
are each present in a plurality of number, a plurality of Rs 
may be each identical or different, a plurality of R's may be 
each identical or different and a plurality of Rs may be each 
identical or different. 
The “hydrocarbon group’ as referred to herein includes 

chain hydrocarbon groups, alicyclic hydrocarbon groups and 
aromatic hydrocarbon groups. This “hydrocarbon group' 
may be a saturated hydrocarbon group or an unsaturated 
hydrocarbon group. The “chain hydrocarbon group’ as 
referred to means a hydrocarbon group that is constituted 
with only a chain structure without having a cyclic structure, 
and the term “chain hydrocarbon group” includes both linear 
hydrocarbon groups and branched hydrocarbon groups. The 
“alicyclic hydrocarbon group’ as referred to means a hydro 
carbon group that has as a ring structure not an aromatic ring 
structure but only an alicyclic structure, and the term “ali 
cyclic hydrocarbon group' includes both monocyclic alicy 
clic hydrocarbon groups and polycyclic alicyclic hydrocar 
bon groups. However, it is not necessary for the alicyclic 
hydrocarbon group to be constituted with only an alicyclic 
structure, and a part thereof may have a chain structure. The 
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8 
'aromatic hydrocarbon group’ as referred to means a hydro 
carbon group that has an aromatic ring structure as a ring 
structure. However, it is not necessary for the aromatic 
hydrocarbon group to be constituted with only an aromatic 
ring structure, and a part thereof may have a chain structure 
and/or an alicyclic structure. 
The radiation-sensitive resin composition and the resist 

pattern-forming method according to the embodiments of 
the present invention enable a resist pattern exhibiting a 
Small LWR, a high resolution and Superior rectangularity of 
the cross-sectional shape to be formed while a great depth of 
focus is exhibited. The polymer according to the embodi 
ments of the present invention can be suitably used as a 
polymer component of the radiation-sensitive resin compo 
sition according to the embodiment of the present invention. 
The method for producing a compound according to the 
embodiments of the present invention enables a compound 
Suitable for a basic ingredient of the polymer according to 
the embodiments of the present invention to be produced 
conveniently in a favorable yield. Therefore, these can be 
suitably used for the production of semiconductor devices, 
in which further progress of miniaturization is expected in 
the future. Hereinafter, embodiments of the present inven 
tion will be described in detail. 
Radiation-Sensitive Resin Composition 
The radiation-sensitive resin composition according to an 

embodiment of the present invention contains: (A) a poly 
mer, (B) an acid generator and (C) an organic solvent. The 
radiation-sensitive resin composition may contain as favor 
able components. (D) an acid diffusion controller, (E) an 
acid-labile group-containing polymer other than the polymer 
(A) (hereinafter, may be also referred to as “(E) polymer or 
"polymer (E)'), (F) a fluorine atom-containing polymer 
(hereinafter, may be also referred to as “(F) polymer or 
"polymer (F)'), and may contain other optional component, 
within a range not leading to impairment of the effects of the 
present invention. The radiation-sensitive resin composition 
may contain one, or two or more types of each component. 
Hereinafter, each component will be explained. 
(A) Polymer 
The polymer (A) has a structural unit (hereinafter, may be 

also referred to as “structural unit (I)') that includes a group 
represented by the following formula (1) (hereinafter, may 
be also referred to as “group (I)'). Due to the polymer (A) 
having the structural unit (I), the radiation-sensitive resin 
composition enables a resist pattern exhibiting a small LWR. 
a high resolution and Superior rectangularity of the cross 
sectional shape to be formed while a great depth of focus is 
exhibited. Although not necessarily clarified, the reason for 
achieving the effects described above due to the radiation 
sensitive resin composition having the aforementioned con 
stitution is presumed, for example, as set forth below. 
Specifically, the polymer (A) includes the group (-CO— 
CO-OR) represented by the following formula (1). This 
group would be more polar than an ester group (-CO— 
OR). In addition, in a case where R represents an acid 
labile group, due to the above-specified structure, the acid 
lability of R would be greater than that of the ester group, 
and the acidity of —CO CO OH which is generated 
upon the dissociation would be greater than that of a carboxy 
group generated from the ester group. Thus, the Solubility of 
the polymer (A) in a developer solution could be properly 
adjusted, and it would also be expected that a diffusion 
length of an acid generated from the acid generator (B) 
would be decreased. It is presumed that consequently, the 
radiation-sensitive resin composition can achieve an 
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improvement of the LWR performance, the resolution, the 
rectangularity of the cross-sectional shape, and the depth of 
focus. 
The polymer (A) may have in addition to the structural 

unit (I): a structural unit (II) represented by the following 
formula (2); a structural unit (III) which is at least one 
selected from the group consisting of structural units repre 
sented by the following formulae (3-1) to (3-4); a structural 
unit (IV) that has at least one structure selected from the 
group consisting of a lactone structure, a cyclic carbonate 
structure and a Sultone structure; and/or a structural unit (V) 
that includes a hydroxy group, as described later, and may 
have a structural unit other than those above-specified. The 
polymer (A) may have one, or two or more types of each of 
the structural units described above. Hereinafter, each struc 
tural unit will be explained. 
Structural Unit (I) 
The structural unit (I) includes a group represented by the 

following formula (1). 

DC RP 
O O1 

In the above formula (1), R represents a hydrogen atom 
or a monovalent organic group; and * denotes a binding site 
to a rest of the structural unit (I) other than the group 
represented by the formula (1). 
The monovalent organic group represented by R is not 

particularly limited, and may be, for example, an acid 
nonlabile group, or an acid-labile group. The 'acid-labile 
group' as referred to means a group that Substitutes for the 
hydrogen atom of an —OH group and is dissociated by an 
action of an acid. When R represents an acid-nonlabile 
group, the structural unit (I) can be used to adjust more 
properly the solubility of the polymer (A) upon the disso 
ciation of the acid-labile group included in the polymer (A). 
Alternatively, when R represents an acid-labile group, the 
polymer (A) is an acid-labile group-containing polymer, and 
thus the solubility of the polymer (A) upon the dissociation 
of the acid-labile group of the structural unit (I) can be 
adjusted more properly. In either case, the solubility of the 
polymer (A) in a developer solution can be adjusted more 
properly. Moreover, it is expected that a diffusion length of 
an acid generated from the acid generator (B) would be 
decreased. As a result, the radiation-sensitive resin compo 
sition can achieve superior LWR performance, solubility, 
rectangularity of the cross-sectional shape, and depth of 
focus. 
The acid-nonlabile group is exemplified by: (1) a group 

obtained by Substituting a part or all of hydrogen atoms 
included in a monovalent hydrocarbon group having 1 to 20 
carbon atoms with a polar group (hereinafter, may be also 
referred to as 'group (1)'); (2) a group obtained from a 
monovalent hydrocarbon group having 2 to 20 carbon atoms 
by incorporating between adjacent two carbon atoms 
thereof, at least one selected from the group consisting of 
O— —CO , —COO and —SOO— (hereinafter, 

may be also referred to as 'group (2)’); or (3) a group 
obtained from a monovalent hydrocarbon group having 2 to 
20 carbon atoms by incorporating between adjacent two 
carbon atoms thereof, at least one selected from the group 
consisting of —O—, —CO—, —COO— and —SOO 

(1) 
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10 
and Substituting a part or all of hydrogen atoms thereof with 
a polar group (hereinafter, may be also referred to as "group 
(3)'); and the like. 
The monovalent hydrocarbon group having 1 to 20 carbon 

atoms is exemplified by a monovalent chain hydrocarbon 
group having 1 to 20 carbon atoms, a monovalent alicyclic 
hydrocarbon group having 3 to 20 carbon atoms, a mon 
ovalent aromatic hydrocarbon group having 6 to 20 carbon 
atoms, and the like. 

Examples of the monovalent chain hydrocarbon group 
having 1 to 20 carbon atoms include: 

alkyl groups such as a methyl group, an ethyl group, a 
propyl group, a butyl group and a pentyl group; 

alkenyl groups such as an ethenyl group, a propenyl 
group, a butenyl group and a pentenyl group; 

alkynyl groups such as an ethynyl group, a propynyl 
group, a butynyl group and a pentynyl group; and the like. 

Examples of the monovalent alicyclic hydrocarbon group 
having 3 to 20 carbon atoms include: 

monocyclic cycloalkyl groups such as a cyclopropyl 
group, a cyclobutyl group, a cyclopentyl group and a cyclo 
hexyl group; 

polycyclic cycloalkyl groups such as a norbornyl group, 
an adamantyl group, a tricyclodecyl group and a tetracy 
clododecyl group; 

monocyclic cycloalkenyl groups such as a cyclobutenyl 
group, a cyclopentenyl group and a cyclohexenyl group; 

polycyclic cycloalkenyl groups such as a norbornenyl 
group and a tricyclodecenyl group; and the like. 

Examples of the monovalent aromatic hydrocarbon group 
having 6 to 20 carbon atoms include: 

aryl groups such as a phenyl group, a tolyl group, a Xylyl 
group, a mesityl group, a naphthyl group and an anthryl 
group; 

aralkyl groups such as a benzyl group, a phenethyl group, 
a naphthylmethyl group and an anthrylmethyl group; and the 
like. 

Examples of the polar group include a hydroxy group, a 
carboxy group, a cyano group, an amino group, and the like. 
Of these, a hydroxy group, a carboxy group and a cyano 
group are preferred, and a hydroxy group and a cyano group 
are more preferred. 

Examples of the group (1) include: polar group-substi 
tuted alkyl groups such as a hydroxymethyl group and a 
cyanoethyl group; polar group-substituted cycloalkyl groups 
Such as a carboxycyclohexyl group, a hydroxyadamanty1 
group and a dihydroxyadamantyl group; polar group-Sub 
stituted aryl groups such as an aminophenyl group and a 
hydroxyphenyl group; and the like. Of these, polar group 
Substituted cycloalkyl groups are preferred, and a hydroxy 
adamantyl group and a dihydroxyadamantyl group are more 
preferred. 

Examples of the group (2) include: groups that have a 
cyclic ether structure, Such as an oxycyclopentyl group and 
an oxycyclohexyl group; groups that have a cyclic ketone 
structure, such as an oxocyclopentyl group, an oxocyclo 
hexyl group and an oxoadamantyl group; groups that have a 
lactone structure, Such as abutyrolacton-yl group, a norbor 
namelacton-yl group and an Oxynorbornanelacton-yl group; 
groups that have a Sultone structure, such as a propiosulton 
yl group and a norbornanesulton-yl group; and the like. Of 
these, groups that have a cyclic ketone structure, groups that 
have a lactone group and groups that have a Sultone structure 
are preferred, and an oxyadamantyl group, abutyrolacton-yl 
group, a norbornanelacton-yl group, an oxynorbornamelac 
ton-yl group and a norbornanesulton-yl group are more 
preferred. 
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Examples of the group (3) include: groups that have a 
polar group-substituted cyclic ether structure, such as a 
hydroxytetrahydropyran-yl group; groups that have a polar 
group-substituted cyclic ketone structure Such as a cyano 
cyclohexanon-yl group; groups that have a polar group 
Substituted lactone structure, such as a cyanobutyrolacton-yl 
group and a cyanonorbornamelacton-yl group; groups that 
have a polar group-substituted Sultone structure Such as a 
cyanonorbornanesulton-yl group; and the like. Of these, 
groups that include a polar group-substituted lactone struc 
ture are preferred, and a cyanonorbornanelacton-yl group is 
more preferred. 

In light of ease in synthesis of a monomer that includes 
the group (I), among the groups (1) to (3), the groups (1) and 
(2) are preferred, and the group (2) is more preferred. 
The acid-labile group is exemplified by, but not particu 

larly limited to, a group represented by the following for 
mula (p), and the like. 

(p) 

RPI-C-RP3 

Rp2 

In the above formula (p), R' represents a hydrogen atom 
or a monovalent chain hydrocarbon group having 1 to 10 
carbon atoms; R and Reach independently represent a 
monovalent chain hydrocarbon group having 1 to 10 carbon 
atoms or a monovalent alicyclic hydrocarbon group having 
3 to 20 carbon atoms, or taken together represent a ring 
structure having 3 to 20 ring atoms, together with the carbon 
atom to which R and R bond. 

Examples of the monovalent chain hydrocarbon group 
having 1 to 10 carbon atoms which may be represented by 
R', R or R include monovalent chain hydrocarbon 
groups having 1 to 10 carbon atoms among the groups 
exemplified in connection with the monovalent chain hydro 
carbon group of the group (1), and the like. 

Examples of the monovalentalicyclic hydrocarbon group 
having 3 to 20 carbon atoms which may be represented by 
R’ or R include groups identical to those exemplified in 
connection with the monovalent alicyclic hydrocarbon 
group of the group (1), and the like. 

Examples of the ring structure having 3 to 20 ring atoms 
which may be taken together represented by R’ and R. 
together with the carbon atom to which R' and R bond 
include: cycloalkane structures such as a cyclopropane 
structure, a cyclobutane structure, a cyclopentane structure, 
a cyclohexane structure, a cycloheptane structure, a cyclooc 
tane structure, a cyclononane structure, a cyclodecane struc 
ture, a norbomane structure and an adamantane structure; 
cycloalkene structures such as a cyclobutene structure, a 
cyclopentene structure, a cyclohexene structure, a cyclohep 
tene structure, a cyclooctene structure, a cyclodecene struc 
ture and a norbomene structure; and the like. 

The acid-labile group is exemplified by: an alkyl group 
having an atomic bonding on a tertiary carbon atom; a 
cycloalkyl-substituted alkyl group having an atomic bond 
ing on a tertiary carbon atom; a 1-alkyl-substituted 1-cy 
cloalkyl group; a cycloalkenyl group having an atomic 
bonding on a secondary carbon atom in an allyl position; and 
the like. 
R preferably represents a monovalent organic group. 
Examples of the structural unit (I) include structural units 

represented by the following formulae (1-1) and (1-2) (here 
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12 
inafter, may be also referred to as “structural unit (I-1) and 
“structural unit (I-2), respectively), and the like. 

R1 

t 
O ORF 

--- 
x^ 

-- R), 

(1-1) 

(1-2) 

O 

O R5 

RFO O 
N -1 

In the above formulae (1-1) and (1-2), R is as defined in 
the above formula (1). 

In the above formula (1-1), R' represents a hydrogen 
atom, or a substituted or unsubstituted alkyl group having 1 
to 5 carbon atoms; R represents a methylene group, an 
alkylene group having 2 to 10 carbon atoms, a cycloalkylene 
group having 3 to 20 carbon atoms, an arylene group having 
6 to 20 carbon atoms, or a group obtained from an alkylene 
group having 2 to 10 carbon atoms or a cycloalkylene group 
having 3 to 20 carbon atoms by incorporating between 
adjacent two carbonatoms thereof, at least one selected from 
the group consisting of—CO—, —COO— and —SOO 

In the above formula (1-2), R represents a hydrogen 
atom, or a substituted or unsubstituted alkyl group having 1 
to 5 carbon atoms; L represents a single bond, —COO— or 
—CONR' , wherein R' represents a hydrogen atom or a 
monovalent hydrocarbon group having 1 to 10 carbon 
atoms; R represents an alkyl group having 1 to 5 carbon 
atoms, an alkoxy group having 1 to 5 carbon atoms or an 
acyl group having 2 to 5 carbon atoms; R represents a single 
bond, a methylene group, an alkylene group having 2 to 10 
carbon atoms, a cycloalkylene group having 3 to 20 carbon 
atoms, an arylene group having 6 to 20 carbon atoms, or a 
group obtained from an alkylene group having 2 to 10 
carbonatoms or a cycloalkylene group having 3 to 20 carbon 
atoms by incorporating between adjacent two carbon atoms 
thereof, at least one selected from the group consisting of 
CO , —COO and —SOO ; “a” is an integer of 1 to 

5; and “b' is an integer of 0 to 4, wherein a sum of “a” and 
“b' is no greater than 5, and in a case where R, R and R 
are each present in a plurality of number, a plurality of R's 
may be each identical or different, a plurality of R's may be 
each identical or different and a plurality of Rs may be each 
identical or different. 
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Examples of the alkyl group having 1 to 5 carbon atoms 
which may be represented by R' or R include a methyl 
group, an ethyl group, a n-propyl group, an i-propyl group. 
a n-butyl group, an i-butyl group, a sec-butyl group, a t-butyl 
group, a n-pentyl group, and the like. 

Examples of the substituent which may be present in the 
alkyl group which may be represented by R' or R include: 
halogen atoms Such as a fluorine atom, a chlorine atom, a 
bromine atom and an iodine atom; a hydroxy group; a 
carboxy group; a cyano group; an amino group; and the like. 

R" and Rare exemplified by a hydrogen atom, a methyl 
group, a trifluoromethyl group, and the like. 
The monovalent hydrocarbon group having 1 to 10 carbon 

atoms which may be represented by RY in CONRY as 
L is exemplified by an alkyl group having 1 to 10 carbon 
atoms, a cycloalkyl group having 3 to 20 carbon atoms, an 
aryl group having 6 to 20 carbon atoms, and the like. 
L represents preferably a single bond or COO , and 

more preferably a single bond. 
Examples of the alkyl group having 1 to 5 carbon atoms 

which may be represented by R include groups identical to 
those exemplified in connection with the alkyl group having 
1 to 5 carbon atoms which may be represented by R', and 
the like. 

Examples of the alkoxy group having 1 to 5 carbon atoms 
which may be represented by R include a methoxy group, 
an ethoxy group, a n-propoxy group, an i-propoxy group, a 
n-butoxy group, an i-butoxy group, a sec-butoxy group, a 
t-butoxy group, a n-pentyloxy group, and the like. 

Examples of the acyl group having 2 to 5 carbon atoms 
which may be represented by R' include saturated acyl 
groups such as an acetyl group, a propionyl group, a butyryl 
group, an isobutyryl group, a Valeryl group, an isovaleryl 
group and a pivaloyl group; unsaturated acyl groups such as 
an acryloyl group, a propioloyl group, a methacryloyl group, 
a crotonoyl group and an isocrotonoyl group; and the like. 

Examples of the alkylene group having 2 to 10 carbon 
atoms which may be represented by R or R include an 
ethylene group, a propylene group, a butylene group, a 
pentylene group, a hexylene group, an octylene group, a 
decylene group, and the like. 

Examples of the cycloalkylene group having 3 to 20 
carbon atoms which may be represented by R or Rinclude 
a cyclopropylene group, a cyclobutylene group, a cyclopen 
tylene group, a cyclohexylene group, a cyclooctylene group, 
a cyclodecylene group, a norbornylene group, an adaman 
tylene group, and the like. 

Examples of the arylene group having 6 to 20 carbon 
atoms which may be represented by R or R include a 
phenylene group, a tolylene group, a xylylene group, a 
mesitylene group, a naphthylene group, an anthrylene group, 
and the like. 

Examples of the group obtained from an alkylene group 
having 2 to 10 carbon atoms or a cycloalkylene group having 
3 to 20 carbon atoms by incorporating between adjacent two 
carbon atoms thereof, —CO , —COO or - SOO , 
which may be represented by R or R, include a (cyclo) 
alkylenecarbonyl(cyclo)alkylene group, a (cyclo)alkylen 
ecarbonyloxy(cyclo)alkylene group, a (cyclo)alkylenesulfo 
nyloxy(cyclo)alkylene group, and the like. 
R and R represent preferably a methylene group or an 

alkylene group having 2 to 5 carbon atoms, and more 
preferably a methylene group. 

Preferably “a” is 1 or 2, and more preferably 1. 
Preferably “b' is 0 or 1, and more preferably 0. 
Examples of the structural unit (I) include structural units 

represented by the following formulae (1-1-1) to (1-2-16) 
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14 
(hereinafter, may be also referred to as “structural units 
(I-1-1) to (I-2-16)'), and the like. 

(1-1-1) 

(1-1-2) 

(1-1-3) 

(1-1-4) 
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In the above formulae (1-1-1) to (1-1-29), R is as defined 
in the above formula (1-1). 
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In the above formulae (1-2-1) to (1-2-16), R is as defined 
in the above formula (1-2). 
The lower limit of the proportion of the structural unit (I) 

with respect to the total structural units constituting the 
polymer (A) is preferably 10 mol %, more preferably 20 mol 
%, and still more preferably 30 mol%. The upper limit of 
the proportion of the structural unit (I) is preferably 90 mol 
%, more preferably 70 mol %, and still more preferably 50 
mol %. When the proportion of the structural unit (I) falls 
within the above range, the radiation-sensitive resin com 
position can achieve an improvement of the LWR perfor 
mance, the resolution, the rectangularity of the cross-sec 
tional shape, and the depth of focus. 
A monomer that gives the structural unit (I) (hereinafter, 

may be also referred to as “compound (i)') is exemplified by 
compounds represented by the following formulae (i-1-1) to 
(i-2-16) (hereinafter, may be also referred to as “compounds 
(i-1-1) to (i-2-16)'), and the like. 
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In the above formulae (i-1-1) to (i-1-29), R is as defined 
25 in the above formula (1-1). 
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In the above formulae (i-2-1) to (i-2-16), R is as defined 
in the above formula (1-2). 
The production method of the compound (i) is exempli 

fied by the followings: 
in a case where the compound (i) is a compound repre 

sented by the following formula (i-1) (hereinafter, may be 
also referred to as “compound (i-1)'), a method is exempli 
fied which includes the step of reacting a compound repre 
sented by the following formula (i-a) (hereinafter, may be 
also referred to as "compound (i-a)”) with a compound 
represented by the following formula (i-b-1) (hereinafter, 
may be also referred to as “compound (i-b-1)'); and 

in a case where the compound (i) is a compound repre 
sented by the following formula (i-2) (hereinafter, may be 
also referred to as “compound (i-2)), a method is exempli 
fied which includes the step of reacting a compound repre 
sented by the following formula (i-a') (hereinafter, may be 
also referred to as “compound (i-a')') with a compound 
represented by the following formula (i-b-2) (hereinafter, 
may be also referred to as “compound (i-b-2)). 
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40 
According to the aforementioned production method, the 

compound (i) can be produced conveniently in a favorable 
yield. 

(i-a) 

O ORF 

O ONa 

O O 

C 

(i-b-1) 

(i-1) 

R 

O ORP 

In the above formulae (i-a), (i-b-1) and (i-1), R repre 
sents a hydrogen atom or a monovalent organic group: X 
represents a halogen atom; R' represents a hydrogen atom, 
or a Substituted or unsubstituted alkyl group having 1 to 5 
carbon atoms; and R represents a methylene group, an 
alkylene group having 2 to 10 carbon atoms, a cycloalkylene 
group having 3 to 20 carbon atoms, an arylene group having 
6 to 20 carbon atoms, or a group obtained from an alkylene 
group having 2 to 10 carbon atoms or an cycloalkylene 
group having 3 to 20 carbon atoms by incorporating between 
adjacent two carbon atoms of, at least one selected from the 
group consisting of —CO , —COO– and —SOO 
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-continued 
(i-2) 

S 
L 

O RS 

RFO X. 
N-1 a 

In the above formulae (i-a'), (i-b-2) and (i-2), R repre 
sents a hydrogen atom or a monovalent organic group: X 
represents a halogen atom; R represents a hydrogen atom, 
or a Substituted or unsubstituted alkyl group having 1 to 5 
carbon atoms; L represents a single bond, —COO— or 
—CONRY , wherein RY represents a hydrogen atom or a 
monovalent hydrocarbon group having 1 to 10 carbon 
atoms; R represents an alkyl group having 1 to 5 carbon 
atoms, an alkoxy group having 1 to 5 carbon atoms or an 
acyl group having 2 to 5 carbon atoms; R represents a single 
bond, a methylene group, an alkylene group having 2 to 10 
carbon atoms, a cycloalkylene group having 3 to 20 carbon 
atoms, an arylene group having 6 to 20 carbon atoms, or a 
group obtained from an alkylene group having 2 to 10 
carbonatoms or a cycloalkylene group having 3 to 20 carbon 
atoms by incorporating between adjacent two carbon atoms 
of at least one selected from the group consisting of 
CO , —COO and - SOO ; “a” is an integer of 1 to 

5; and “b' is an integer of 0 to 4, wherein a sum of “a” and 
“b” is no greater than 5, and in a case where R, R and R' 
are each present in a plurality of number, a plurality of Rs 
may be each identical or different, a plurality of R's may be 
each identical or different and a plurality of R's may be each 
identical or different. 

Examples of the halogen atom represented by X include 
a fluorine atom, a chlorine atom, a bromine atom, an iodine 
atom, and the like. Of these, in light of more proper 
reactivity of the compounds (i-a) and (i-a'), a chlorine atom 
and a bromine atom are preferred, and a bromine atom is 
more preferred. 
The compound (i-a) is reacted with the compound (i-b-1) 

in a solvent such as a mixed solvent composed of tetrahy 
drofuran and water to obtain the compound (i-1). Alterna 
tively, the compound (i-a') is similarly reacted with the 
compound (i-b-2) to obtain the compound (i-2). 
The aforementioned compounds (i-a) and (i-a') can be 

obtained by reacting a halogenated compound that includes 
a —COCOOH group, such as 3-halopyruvic acid, with an 
alcohol compound that includes the R group described in 
connection with the above formula (1), in the presence of a 
base Such as dimethylaminopyridine, and a dehydrating 
agent Such as 1-ethyl-3-3-(dimethylamino)propylcarbodi 
imide hydrochloride (EDCI). 
Structural Unit (II) 
The structural unit (II) is represented by the following 

formula (2). The group represented by —CRRR in the 
structural unit (II) is an acid-labile group. Due to the 
polymer (A) having the structural unit (II), the radiation 
sensitive resin composition has increased sensitivity, and 
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42 
consequently can improve the LWR performance, the reso 
lution, the rectangularity of the cross-sectional shape, and 
the depth of focus. 

(2) 

In the above formula (2), R represents a hydrogen atom, 
a fluorine atom, a methyl group or a trifluoromethyl group; 
Y represents a single bond, a carbonyloxycycloalkanediyl 
group having 4 to 20 carbon atoms, a carbonyloxycycloal 
kanediyloxy group having 4 to 20 carbon atoms, an 
arenediyl group having 6 to 20 carbon atoms, or a carbo 
nyloxyarenediyl group having 7 to 20 carbon atoms; R' 
represents a monovalent chain hydrocarbon group having 1 
to 10 carbon atoms or a monovalent alicyclic hydrocarbon 
group having 3 to 20 carbon atoms; and R and R each 
independently represent a monovalent chain hydrocarbon 
group having 1 to 10 carbon atoms or a monovalentalicyclic 
hydrocarbon group having 3 to 20 carbon atoms, or taken 
together represent an alicyclic structure having 3 to 20 
carbon atoms, together with the carbon atom to which R 
and R bond. 

Examples of the carbonyloxycycloalkanediyl group hav 
ing 4 to 20 carbon atoms which may be represented by Y 
include: 

monocyclic carbonyloxycycloalkanediyl groups such as a 
carbonyloxycyclopropanediyl group, a carbonyloxycy 
clobutanediyl group, a carbonyloxycyclopentanediyl group 
and a carbonyloxycyclohexanediyl group; 

polycyclic carbonyloxycycloalkanediyl groups such as a 
carbonyloxynorbornanediyl group, a carbonyloxyadaman 
tanediyl group, a carbonyloxytricyclodecanediyl group and 
a carbonyloxytetracyclododecanediyl group; and the like. 

Examples of the carbonyloxycycloalkanediyloxy group 
having 4 to 20 carbon atoms which may be represented by 
Y include: 

monocyclic carbonyloxycycloalkanediyloxy groups such 
as a carbonyloxycyclopropanediyloxy group, a carbony 
loxycyclobutanediyloxy group, a carbonyloxycyclopen 
tanediyloxy group and a carbonyloxycyclohexanediyloxy 
group; 

polycyclic carbonyloxycycloalkanediyloxy groups such 
as a carbonyloxynorbornanediyloxy group, a carbonyloxy 
adamantanediyloxy group, a carbonyloxytricyclodecanedi 
yloxy group and a carbonyloxytetracyclododecanediyloxy 
group; and the like. 

Examples of the arenediyl group having 6 to 20 carbon 
atoms which may be represented by Yinclude a benzenediyl 
group, a toluenediyl group, a Xylenediyl group, a mesity 
lenediyl group, a naphthalenediyl group, an anthracenediyl 
group, and the like. 

Examples of the carbonyloxyarenediyl group having 7 to 
20 carbon atoms which may be represented by Y include a 
carbonyloxybenzenediyl group, a carbonyloxytoluenediyl 
group, a carbonyloxyxylenediyl group, a carbonyloxymesi 
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tyleneoxy group, a carbonyloxynaphthalenediyl group, a 
carbonyloxyanthracenediyl group, and the like. 
Y represents preferably a single bond, a carbonyloxycy 

cloalkanediyloxy group having 4 to 20 carbon atoms or an 
arenediyl group having 6 to 20 carbon atoms, more prefer 
ably a single bond, a polycyclic carbonyloxycycloalkanedi 
yloxy group or a benzenediyl group, and still more prefer 
ably a single bond or a benzenediyl group. 

In light of copolymerizability of a monomer that gives the 
structural unit (II), R represents preferably a hydrogenatom 
or a methyl group, and more preferably a methyl group. 

Examples of the monovalent chain hydrocarbon group 
having 1 to 10 carbon atoms which may be represented by 
R7, R or R include: 

alkyl groups such as a methyl group, an ethyl group, a 
n-propyl group and an i-propyl group; 

alkenyl groups such as an ethenyl group, a propenyl group 
and a butenyl group; 

alkynyl groups such as an ethynyl group, a propynyl 
group and a butynyl group; and the like. 

Examples of the monovalentalicyclic hydrocarbon group 
having 3 to 20 carbon atoms which may be represented by 
R7, R or R include: 

monocyclic cycloalkyl groups such as a cyclopentyl 
group and a cyclohexyl group; 

monocyclic cycloalkenyl groups such as a cyclopentenyl 
group and a cyclohexenyl group; 

polycyclic cycloalkyl groups such as a norbornyl group, 
an adamantyl group and a tricyclodecyl group; 

polycyclic cycloalkenyl groups such as a norbornenyl 
group and a tricyclodecenyl group; and the like. 

Examples of the alicyclic structure having 3 to 20 carbon 
atoms which may be taken together represented by R and 
R, together with the carbon atom to which Rand R bond 
include: 

monocyclic cycloalkane structures such as a cyclopro 
pane structure, a cyclobutane structure, a cyclopentane 
structure, a cyclohexane structure, a cycloheptane structure 
and a cyclooctane structure; 

polycyclic cycloalkane structures Such as a norbornane 
structure, an adamantane structure, a tricyclodecane struc 
ture and a tetracyclododecane structure; and the like. 
As the structural unit (II), structural units represented by 

the following formulae (2-1) to (2-7) (hereinafter, may be 
also referred to as “structural units (II-1) to (II-7)') are 
preferred. 
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(2-2) 

(2-3) 

(2-4) 

(2-5) 

(2-6) 
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(2–7) 

In the above formulae (2-1) to (2-7), R to R are as 
defined in the above formula (2); and i and j are each 
independently an integer of 1 to 4. 

Examples of the structural units (II-1) to (II-7) include 
structural units represented by the following formulae, and 
the like. 
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In the above formulae, R is as defined in the above 
formula (2). 
The structural unit (II) is preferably the structural unit 

(II-1), the structural unit (II-2), the structural unit (II-5) or 
the structural unit (II-6), more preferably a structural unit 
derived from 1-alkyl-1-cyclopentyl(meth)acrylate, a struc 
tural unit derived from 2-alkyl-2-adamantyl(meth)acrylate, 
a structural unit derived from 3-(t-alkyloxycarbonyloxy) 
adamantyl-1-yl(meth)acrylate, or a structural unit derived 
from p-(t-(cyclo)alkyloxycarbonyl)styrene. 
The proportion of the structural unit (II) with respect to 

the total structural units constituting the polymer (A) is 
preferably 10 mol % to 80 mol %, more preferably 20 mol 
% to 75 mol%, still more preferably 30 mol % to 70 mol%. 
and particularly preferably 35 mol% to 60 mol%. When the 
aforementioned proportion falls within the above range, the 
sensitivity of the radiation-sensitive resin composition may 
be further improved, and consequently the LWR perfor 
mance, the resolution, the rectangularity of the cross-sec 
tional shape, and the depth of focus may be further 
improved. When the aforementioned proportion is less than 
the lower limit, pattern formability of the radiation-sensitive 
resin composition may be deteriorated. When the proportion 
is greater than the upper limit, adhesiveness of a resist 
pattern to a substrate may be deteriorated. 
Structural Unit (III) 
The structural unit (III) is a structural unit represented by 

at least one selected from the group consisting of the 
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following formulae (3-1) to (3-4) (hereinafter, may be also 
referred to as “structural units (III-1) to (III-4)'). Due to the 
polymer (A) having the structural unit (III), the radiation 
sensitive resin composition can achieve an improvement of 
adhesiveness of a resulting resist pattern to a substrate. In 
addition, in the case of a KrF exposure, an EUV exposure or 
an electron beam exposure, the sensitivity of the radiation 
sensitive resin composition may be increased. 

(3-1) 

(3-2) 

(3-3) 

(3-4) 

8 

In the above formulae (3-1) to (3-4), R is each indepen 
dently represent a hydrogen atom or an alkyl group having 
1 to 5 carbon atoms. 

In the above formulae (3-1) to (3-3), “c's are each 
independently an integer of 1 to 3: R's each independently 
represent an alkyl group having 1 to 5 carbon atoms; and 
“d's are each independently an integer of 0 to 4, wherein a 
Sum of c and d is no greater than 5, and wherein in a case 
where R is present in a plurality of number, a plurality of 
R's may be each identical or different. 

In the above formula (3-4), Land Leach independently 
represent a single bond, a methylene group, an alkylene 
group having 2 to 5 carbon atoms, a cycloalkylene group 
having 3 to 15 carbon atoms, an arylene group having 6 to 
20 carbon atoms, or a divalent group obtained by combining 
a methylene group, an alkylene group having 2 to 5 carbon 
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atoms, a cycloalkylene group having 3 to 15 carbon atoms 
or an arylene group having 6 to 20 carbon atoms with at least 
one selected from the group consisting of —O— and 
—CO—; R' represents a hydrogen atom, a carboxy group, 
a monovalent chain hydrocarbon group having 1 to 5 carbon 
atoms, an alkoxy group having 1 to 5 carbon atoms, an 
alkoxycarbonyl group having 2 to 5 carbon atoms, or a 
group that includes a hydroxy group at an end thereof and 
includes at least one fluorine atom or fluorinated alkyl group 
on a carbon atom adjacent to the hydroxy group; and e is an 
integer of 1 to 5, wherein in a case where Land RP are each 
present in a plurality of number, a plurality of L's may be 
each identical or different and a plurality of R's may be each 
identical or different. 

Examples of the alkyl group having 1 to 5 carbon atoms 
which may be represented by R or R include a methyl 
group, an ethyl group, a linear or branched propyl group, a 
linear or branched butyl group, a linear or branched pentyl 
group, and the like. 

In light of the copolymerizability of a monomer that gives 
the structural unit (III), R is preferably a hydrogen atom or 
a methyl group, and more preferably a hydrogen atom. 
R’ preferably represents a methyl group. Preferably, d is 

O. 
Examples of the alkylene group having 2 to 5 carbon 

atoms which may be represented by L or L include an 
ethylene group, a propylene group, a butylene group, a 
pentylene group, and the like. 

Examples of the cycloalkylene group having 3 to 15 
carbon atoms which may be represented by L or L'include 
a cyclopropylene group, a cyclobutylene group, a cyclopen 
tylene group, a cyclohexylene group, a norbornylene group. 
an adamantylene group, and the like. 

Examples of the arylene group having 6 to 20 carbon 
atoms which may be represented by L or L include a 
phenylene group, a tolylene group, a xylylene group, a 
naphthylene group, an anthrylene group, and the like. 

Examples of the divalent group, which may be repre 
sented by L or L, obtained by combining a methylene 
group, an alkylene group having 2 to 5 carbon atoms, a 
cycloalkylene group having 3 to 15 carbon atoms or an 
arylene group having 6 to 20 carbon atoms with at least one 
selected from the group consisting of —O— and —CO— 
include (cyclo)alkyleneoxy groups, (cyclo)alkylenecarbonyl 
groups, (cyclo)alkylenecarbonyloxy groups, (cyclo)alkyle 
neoxycarbonyl groups, aryleneoxy groups, arylenecarbonyl 
groups, arylenecarbonyloxy groups, aryleneoxycarbonyl 
groups, and the like. 

Examples of the monovalent chain hydrocarbon group 
having 1 to 5 carbon atoms which may be represented by R’ 
include: 

alkyl groups such as a methyl group, an ethyl group, a 
propyl group and a butyl group; 

alkenyl groups such as an ethenyl group, a propenyl group 
and a butenyl group; 

alkynyl groups such as an ethynyl group, a propynyl 
group and a butynyl group; and the like. 

Examples of the alkoxy group having 1 to 5 carbon atoms 
which may be represented by RP include a methoxy group, 
an ethoxy group, a propoxy group, a butoxy group, a 
pentyloxy group, and the like. 

Examples of the alkoxycarbonyl group having 1 to 5 
carbon atoms which may be represented by RP include a 
methoxycarbonyl group, an ethoxycarbonyl group, a 
propoxycarbonyl group, and the like. 

Examples of the group, which may be represented by RP. 
that includes a hydroxy group at an end thereof and includes 
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52 
at least one fluorine atom or fluorinated alkyl group on a 
carbon atom adjacent to the hydroxy group include a 
hydroxy-di(trifluoromethyl)methyl group, a hydroxy 
methyl-trifluoromethylmethyl group, a hydroxy-di(penta 
fluoroethyl)methyl group, and the like. 
The structural unit (III) is preferably the structural unit 

(III-1) or the structural unit (III-4), and more preferably the 
structural unit (III-1). 
The proportion of the structural unit (III) with respect to 

the total structural units constituting the polymer (A) is 
preferably 0 mol % to 50 mol %, and more preferably O mol 
% to 30 mol%. Due to the polymer (A) having the structural 
unit (III), the radiation-sensitive resin composition can 
achieve a further improvement of the adhesiveness of a 
resist pattern to a Substrate. In addition, the sensitivity in a 
KrF exposure, an EUV exposure and an electron beam 
exposure can be further improved. 
Structural Unit (IV) 
The structural unit (IV) has at least one selected from the 

group consisting of a lactone structure, a cyclic carbonate 
structure and a Sultone structure (except for those corre 
sponding to structural unit (I)). Due to the polymer (A) 
further having the structural unit (IV), the solubility of the 
polymer (A) in a developer Solution can be further adjusted, 
and consequently the radiation-sensitive resin composition 
can achieve an improvement of the LWR performance, the 
resolution, the rectangularity of the cross-sectional shape, 
and the depth of focus. In addition, adhesiveness of a resist 
pattern formed from the radiation-sensitive resin composi 
tion to the substrate can be improved. 

Examples of the structural unit (IV) include structural 
units represented by the following formulae, and the like. 
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In the above formulae, R' represents a hydrogen atom, a 
fluorine atom, a methyl group or a trifluoromethyl group. 
Of these, the structural unit (IV) is preferably a structural 

unit that includes a norbornanelactone structure, a structural 
unit that includes a Y-butyrolactone structure, a structural 
unit that includes an ethylene carbonate structure, or a 
structural unit that includes a norbornanesultone structure, 
and more preferably a structural unit derived from norbor 
namelacton-yl(meth)acrylate, a structural unit derived from 
cyanonorbomanelacton-yl(meth)acrylate, a structural unit 
derived from Oxynorbornanelacton-yl(meth)acrylate, a 
structural unit derived from butyrolacton-yl(meth)acrylate, 
or a structural unit derived from norbornanesulton-yl(meth) 
acrylate. 
The proportion of the structural unit (IV) with respect to 

the total structural units constituting the polymer (A) is 
preferably 0 mol % to 70 mol %, more preferably 0 mol % 
to 60 mol %, and still more preferably 20 mol % to 55 mol 
%. When the aforementioned proportion falls within the 
above range, the radiation-sensitive resin composition can 
achieve a further improvement of the LWR performance, the 
resolution, the rectangularity of the cross-sectional shape, 
and the depth of focus. In addition, the adhesiveness of the 
resist pattern formed from the radiation-sensitive resin com 
position to a substrate can be further improved. 
Structural Unit (V) 
The structural unit (V) includes a hydroxy group (except 

for those corresponding to the structural unit (I)). Due to the 
polymer (A) further having the structural unit (V), the 
solubility of the polymer (A) in a developer solution can be 
further adjusted, and consequently the radiation-sensitive 
resin composition can achieve an improvement of the LWR 
performance, the resolution, the rectangularity of the cross 
sectional shape, and the depth of focus. 

Examples of the structural unit (V) include structural units 
represented by the following formulae, and the like. 

OH 
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In the above formulae, R' represents a hydrogen atom, a 

65 fluorine atom, a methyl group or a trifluoromethyl group. 
OH The proportion of the structural unit (V) with respect to 

the total structural units constituting the polymer (A) is 
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preferably 0 mol % to 70 mol %, more preferably 0 mol % 
to 60 mol %, and still more preferably 20 mol % to 55 mol 
%. When the aforementioned proportion falls within the 
above range, the radiation-sensitive resin composition can 
achieve a further improvement of the LWR performance, the 
resolution, the rectangularity of the cross-sectional shape, 
and the depth of focus. 
The polymer (A) may have other structural unit in addi 

tion to the structural units (I) to (V) described above. The 
other structural unit is exemplified by a structural unit that 
includes a ketonic carbonyl group, a cyano group, a carboxy 
group, a nitro group, an amino group or the like, etc. Of 
these, a structural unit that includes a ketonic carbonyl group 
is preferred, and a structural unit derived from oxoadamanty1 
(meth)acrylate is more preferred. The proportion of these 
structural units is preferably no greater than 30 mol %, and 
more preferably no greater than 20 mol %. Moreover, the 
other structural unit is also exemplified by a structural unit 
that includes a structure in which a hydrogen atom of a 
phenolic hydroxyl group is substituted with an acid-labile 
group, and the like. Examples of the acid-labile group 
include: alkyl groups having an atomic bonding on a tertiary 
carbon, such as a t-butyl group; alkoxydialkylmethyl groups 
having an atomic bonding on a tertiary carbon, such as a 
1-methoxypropan-2-yl group; and the like. Of these, as the 
aforementioned structural unit, a structural unit derived from 
t-alkyloxystyrene and a structural unit derived from 
alkoxydialkylmethoxystyrene are preferred, and a structural 
unit derived from t-butoxystyrene is more preferred. The 
proportion of these structural units is preferably no greater 
than 80 mol %, and more preferably no greater than 60 mol 
%. The polymer (A) may have other structural unit in 
addition to the aforementioned structural units. 
The content of the polymer (A) with respect to the total 

Solid content of the radiation-sensitive resin composition is 
preferably no less than 25% by mass. When the content of 
the polymer (A) falls within the above range, the radiation 
sensitive resin composition enables further superior LWR 
performance, resolution, rectangularity of the cross-sec 
tional shape, and depth of focus to be achieved. When the 
content of the polymer (A) is below the above range, 
performances of the radiation-sensitive resin composition, 
such as the LWR performance, the resolution, the rectangu 
larity of the cross-sectional shape, and the depth of focus, are 
likely to be deteriorated. It is to be noted that the “total solid 
content as referred to means the sum of the entirety of all 
components, excluding the solvent, of the radiation-sensi 
tive resin composition. The content of the polymer (A) with 
respect to the total solid content of the radiation-sensitive 
resin composition is more preferably no less than 40% by 
mass, still more preferably no less than 60% by mass, 
particularly preferably no less than 80% by mass, and further 
particularly preferably no less than 85% by mass. 
Synthesis Method of Polymer (A) 
The polymer (A) can be synthesized, for example, by 

polymerizing monomer(s) that give(s) each structural unit in 
an appropriate solvent with the use of a radical polymeriza 
tion initiator, or the like. 

The radical polymerization initiator is exemplified by: azo 
radical initiators such as azobisisobutyronitrile (AIBN), 
2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile), 2,2'-azo 
bis(2-cyclopropylpropionitrile), 2,2'-aZobis(2,4-dimethylva 
leronitrile) and dimethyl 2,2'-azobisisobutyrate; peroxide 
radical initiators such as benzoyl peroxide, t-butyl hydrop 
eroxide and cumene hydroperoxide; and the like. Of these, 
AIBN and dimethyl 2,2'-azobisisobutyrate are preferred, and 
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AIBN is more preferred. These radical initiators may be 
used either alone, or as a mixture of two or more types 
thereof. 

Examples of the solvent for use in the polymerization 
include: 

alkanes such as n-pentane, n-hexane, n-heptane, n-octane, 
n-nonane and n-decane; 

cycloalkanes Such as cyclohexane, 
cyclooctane, decalin and norbomane; 

aromatic hydrocarbons such as benzene, toluene, Xylene, 
ethylbenzene and cumene; 

halogenated hydrocarbons such as chlorobutanes, bromo 
hexanes, dichloroethanes, hexamethylene dibromide and 
chlorobenzene: 

saturated carboxylic acid esters such as ethyl acetate, 
n-butyl acetate, i-butyl acetate and methyl propionate; 

ketones such as acetone, methyl ethyl ketone, 4-methyl 
2-pentanone and 2-heptanone; 

ethers such as tetrahydrofuran, dimethoxyethanes and 
diethoxyethanes; 

alcohols such as methanol, ethanol. 1-propanol, 2-propa 
nol and 4-methyl-2-pentanol; and the like. These solvents 
for use in the polymerization may be used alone, or two or 
more types thereof may be used in combination. 
The reaction temperature in the polymerization is typi 

cally 40° C. to 150° C., and preferably 50° C. to 120° C. The 
reaction time period is typically 1 hour to 48 hrs, and 
preferably 1 hour to 24 hrs. 

Although the polystyrene equivalent weight average 
molecular weight (Mw) of the polymer (A) as determined by 
gel permeation chromatography (GPC) is not particularly 
limited, the Mw of the polymer (A) is preferably no less than 
1,000 and no greater than 50,000, more preferably no less 
than 2,000 and no greater than 30,000, still more preferably 
no less than 3,000 and no greater than 20,000, and particu 
larly preferably no less than 5,000 and no greater than 
15,000. When the Mw of the polymer (A) falls within the 
above range, coating properties and inhibitory ability of 
development defects of the radiation-sensitive resin compo 
sition may be improved. When the Mw of the polymer (A) 
is less than the above lower limit, a resist film exhibiting 
sufficient heat resistance may not be obtained. When the Mw 
of the polymer (A) is greater than the upper limit, develop 
ability of the resist film may be deteriorated. 
The ratio (Mw/Mn) of the Mw to the polystyrene equiva 

lent number average molecular weight (Mn) as determined 
by GPC of the polymer (A) is typically no less than 1 and 
no greater than 5, preferably no less than 1 and no greater 
than 3, and still more preferably no less than 1 and no greater 
than 2. 
The Mw and the Mn of the polymer as referred to herein 

mean a value determined using gel permeation chromatog 
raphy (GPC) under the following conditions: 
GPC columns: G2000 HXLX2, G3000 HXLX1, and 

G4000 HXLx1 (all manufactured by Tosoh Corporation); 
column temperature: 40° C.; 
elution solvent: tetrahydrofuran (manufactured by Wako 

Pure Chemical Industries, Ltd.); 
flow rate: 1.0 mL/min: 
sample concentration: 1.0% by mass; 
amount of injected Sample: 100 LL; 
detector: differential refractometer; and 
standard Substance: mono-dispersed polystyrene. 
The content of the low-molecular weight matter in the 

polymer (A) is preferably no greater than 0.5% by mass, 
more preferably no greater than 0.2% by mass, and still more 
preferably no greater than 0.1% by mass. When the content 

cycloheptane, 
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of the low-molecular weight matter in the polymer (A) falls 
within the above range, the inhibitory ability of development 
defects of the radiation-sensitive resin composition can be 
improved. It is to be noted that the low-molecular weight 
matter in the polymer as referred to means matter having a 
molecular weight of no greater than 1,000. 
The content (% by mass) of the low-molecular weight 

matter (i.e., matter having a molecular weight of no greater 
than 1,000) of the polymer as referred to herein is a value 
determined by high performance liquid chromatography 
(HPLC) under the following conditions: 
HPLC column: Intersil ODS-25 um, 4.6 mmqpx250 mm 

(manufactured by GL Sciences, Inc.); 
elution solvent: acrylonitrile/0.1% by mass aqueous phos 

phoric acid solution; 
flow rate: 1.0 mL/min: 
sample concentration: 1.0% by mass; 
amount of injected Sample: 100 LL; and 
detector: differential refractometer. 

(B) Acid Generator 
The acid generator (B) is a Substance that generates an 

acid upon an exposure. The acid thus generated allows an 
acid-labile group included in the polymer (A), or a polymer 
(E) described later or the like to be dissociated, thereby 
generating a carboxy group or the like. As a result, the 
solubility of these polymers in a developer solution is 
altered, and consequently a resist pattern can be formed from 
the radiation-sensitive resin composition. The acid generator 
(B) may be contained in the radiation-sensitive resin com 
position either in the form of a low molecular weight 
compound described later (hereinafter, may be also referred 
to as "(B) acid generating agent” or “(B) acid generating 
agent, as appropriate), or in the form of an acid generating 
group incorporated as a part of the polymer, or may be in 
both of these forms. 

The acid generating agent (B) is exemplified by an onium 
salt compound, an N-sulfonyloxyimide compound, a halo 
gen-containing compound, a diazo ketone compound, and 
the like. 

The onium salt compound is exemplified by a Sulfonium 
salt, a tetrahydrothiophenium salt, an iodonium salt, a phos 
phonium salt, a diazonium salt, a pyridinium salt, and the 
like. 

Examples of the sulfonium salt include triphenylsulfo 
nium trifluoromethanesulfonate, triphenylsulfonium non 
afluoro-n-butanesulfonate, triphenylsulfonium perfluoro-n- 
octanesulfonate, triphenylsulfonium 2-bicyclo2.2.1]hept-2- 
yl-1,1,2,2-tetrafluoroethanesulfonate, triphenylsulfonium 
2-bicyclo[2.2.1]hept-2-yl-1,1-difluoroethanesulfonate, tri 
phenylsulfonium camphorsulfonate, 4-cyclohexylphenyldi 
phenylsulfonium trifluoromethanesulfonate, 4-cyclohexyl 
phenyldiphenylsulfonium nonafluoro-n-butanesulfonate, 
4-cyclohexylphenyldiphenylsulfonium perfluoro-n-octane 
Sulfonate, 4-cyclohexylphenyldiphenylsulfonium 2-bicyclo 
2.2.1]hept-2-yl-1,1,2,2-tetrafluoroethanesulfonate, 4-cyclo 
hexylphenyldiphenylsulfonium camphorsulfonate, 
4-methanesulfonylphenyldiphenylsulfonium trifluorometh 
anesulfonate, 4-methanesulfonylphenyldiphenylsulfonium 
nonafluoro-n-butanesulfonate, 4-methanesulfonylphenyldi 
phenylsulfonium perfluoro-n-octanesulfonate, 4-methane 
sulfonylphenyldiphenylsulfonium 2-bicyclo[2.2.1]hept-2- 
yl-1,1,2,2-tetrafluoroethanesulfonate, 
4-methanesulfonylphenyldiphenylsulfonium camphorsul 
fonate, triphenylsulfonium 1.1.2.2-tetrafluoro-6-(1-adaman 
tanecarbonyloxy)-hexane-1-sulfonate, and the like. 

Examples of the tetrahydrothiophenium salt include 1-(4- 
n-butoxynaphthalen-1-yl)tetrahydrothiophenium trifluo 
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romethanesulfonate, 1-(4-n-butoxynaphthalen-1-yl)tetrahy 
drothiophenium nonafluoro-n-butanesulfonate, 1-(4-n- 
butoxynaphthalen-1-yl)tetrahydrothiophenium perfluoro-n- 
octanesulfonate, 1-(4-n-butoxynaphthalen-1-yl) 
tetrahydrothiophenium 2-bicyclo[2.2.1]hept-2-yl-1,1,2,2- 
tetrafluoroethanesulfonate, 1-(4-n-butoxynaphthalen-1-yl) 
tetrahydrothiophenium camphorsulfonate, 1-(6-n- 
butoxynaphthalen-2-yl)tetrahydrothiophenium 
trifluoromethanesulfonate, 1-(6-n-butoxynaphthalen-2-yl) 
tetrahydrothiophenium nonafluoro-n-butanesulfonate, 1-(6- 
n-butoxynaphthalen-2-yl)tetrahydrothiophenium perfluoro 
n-octanesulfonate, 1-(6-n-butoxynaphthalen-2-yl) 
tetrahydrothiophenium 2-bicyclo[2.2.1]hept-2-yl-1,1,2,2- 
tetrafluoroethanesulfonate, 1-(6-n-butoxynaphthalen-2-yl) 
tetrahydrothiophenium camphorsulfonate, 1-(3,5-dimethyl 
4-hydroxyphenyl)tetrahydrothiophenium 
trifluoromethanesulfonate, 1-(3,5-dimethyl-4-hydroxyphe 
nyl)tetrahydrothiophenium nonafluoro-n-butanesulfonate, 
1-(3,5-dimethyl-4-hydroxyphenyl)tetrahydrothiophenium 
perfluoro-n-octanesulfonate, 1-(3,5-dimethyl-4-hydroxy 
phenyl)tetrahydrothiophenium 2-bicyclo[2.2.1]hept-2-yl-1, 
1,2,2-tetrafluoroethanesulfonate, 1-(3,5-dimethyl-4-hy 
droxyphenyl)tetrahydrothiophenium camphorsulfonate, and 
the like. 

Examples of the iodonium salt include diphenyliodonium 
trifluoromethanesulfonate, diphenyliodonium nonafluoro-n- 
butanesulfonate, diphenyliodonium perfluoro-n-octanesul 
fonate, diphenyliodonium 2-bicyclo[2.2.1]hept-2-yl-1,1,2, 
2-tetrafluoroethanesulfonate, diphenyliodonium 
camphorsulfonate, bis(4-t-butylphenyl)iodonium trifluo 
romethanesulfonate, bis(4-t-butylphenyl)iodonium non 
afluoro-n-butanesulfonate, bis(4-t-butylphenyl)iodonium 
perfluoro-n-octanesulfonate, bis(4-t-butylphenyl)iodonium 
2-bicyclo[2.2.1]hept-2-yl-1,1,2,2-tetrafluoroethanesul 
fonate, bis(4-t-butylphenyl)iodonium camphorsulfonate, 
and the like. 

Examples of the N-sulfonyloxyimide compound include 
N-(trifluoromethanesulfonyloxy)bicyclo[2.2.1]hept-5-ene 
2,3-dicarboxyimide, N-(nonafluoro-n-butanesulfonyloxy) 
bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide, N-(perfluoro 
n-octanesulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3- 
dicarboxyimide, N-(2-bicyclo[2.2.1]hept-2-yl-1,1,2,2- 
tetrafluoroethanesulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3- 
dicarboxyimide, N-(2-(3-tetracyclo[4.4.0.1° 17' 
dodecanyl)-1,1-difluoroethanesulfonyloxy)bicyclo[2.2.1 
hept-5-ene-2,3-dicarboxyimide, N-(camphorsulfonyloxy) 
bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide, and the like. 
The acid generating agent (B) is preferably a compound 

represented by the following formula (4). It is presumed that 
when the acid generating agent (B) has the following 
structure, the diffusion length of an acid generated upon an 
exposure in the resist film would be decreased more properly 
due to an interaction of the acid with a polar structure 
included in the polymer (A) or the polymer (E), and as a 
result, the radiation-sensitive resin composition can achieve 
a further improvement of the LWR performance, the reso 
lution, the rectangularity of the cross-sectional shape and the 
depth of focus. 

Rio R. SOX" (4) 

In the above formula (4), R' represents a monovalent 
group that includes an alicyclic structure having 6 or more 
ring atoms, or a monovalent group that includes an aliphatic 
heterocyclic structure having 6 or more ring atoms; R' 
represents a fluorinated alkanediyl group having 1 to 10 
carbon atoms; and X" represents a monovalent photodegrad 
able onium cation. 
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The “number of ring atoms” as referred to in regard to R' 
means the number of the atoms constituting the ring of the 
alicyclic structure or the aliphatic heterocyclic structure, and 
in regard to a polycyclic alicyclic structure and a polycyclic 
aliphatic heterocyclic structure, the “number of ring atoms” 
means the number of the atoms constituting the polycyclic 
Structure. 

Examples of the monovalent group that includes an 
alicyclic structure having 6 or more ring atoms, which may 
be represented by R', include: 

monocyclic cycloalkyl groups such as a cyclooctyl group, 
a cyclononyl group, a cyclodecyl group and a cyclododecyl 
group; 

monocyclic cycloalkenyl groups such as a cyclooctenyl 
group and a cyclodecenyl group; 

polycyclic cycloalkyl groups such as a norbornyl group, 
an adamantyl group, a tricyclodecyl group and a tetracy 
clododecyl group; 

polycyclic cycloalkenyl groups such as a norbornenyl 
group and a tricyclodecenyl group; and the like. 

Examples of the monovalent group that includes an 
aliphatic heterocyclic structure having 6 or more ring atoms, 
which may be represented by R', include: 

groups that include a lactone structure, such as a norbor 
namelacton-yl group; 

groups that include a Sultone structure, such as a norbor 
nanesulton-yl group; 

oxygen atom-containing heterocyclic groups such as an 
oxacycloheptyl group and an oxanorbornyl group; 

nitrogen atom-containing heterocyclic groups such as an 
azacyclohexyl group, an azacycloheptyl group and a diaz 
abicyclooctan-yl group: 

Sulfur atom-containing heterocyclic groups such as a 
thiacycloheptyl group and a thianorbornyl group; and the 
like. 

In light of attaining a more proper diffusion length of the 
acid described above, the number of ring atoms of the group 
represented by R' is preferably no less than 8, more 
preferably 9 to 15, and still more preferably 10 to 13. 
Of these, R' represents preferably a monovalent group 

that includes an alicyclic structure having 9 or more ring 
atoms, or a monovalent group that includes an aliphatic 
heterocyclic structure having 9 or more ring atoms, more 
preferably an adamantyl group, a hydroxyadamantyl group, 
a norbomanelacton-yl group, or a 5-oxo-4-OXatricyclo 
4.3.1.1 undecan-yl group, and still more preferably an 
adamantyl group. 

Examples of the fluorinated alkanediyl group having 1 to 
10 carbon atoms which is represented by R' include groups 
obtained by Substituting with a fluorine atom, at least one 
hydrogen atom included in an alkanediyl group having 1 to 
10 carbon atoms such as a methanediyl group, an ethanediyl 
group and a propanediyl group; and the like. 
Of these, a fluorinated alkanediyl group in which one or 

more fluorine atoms bond to a carbon atom adjacent to a 
SO group is preferred, and a fluorinated alkanediyl group 
in which two fluorine atoms bond to a carbon atom adjacent 
to a SO, group is more preferred, and a 1,1-difluorometh 
anediyl group, a 1,1-difluoroethanediyl group, a 1.1.3.3.3- 
pentafluoro-1,2-propanediyl group, a 1.1.2.2-tetrafluoroeth 
anediyl group, a 1.1.2.2-tetrafluorobutanediyl group and a 
1.1.2.2-tetrafluorohexanediyl group are still more preferred. 
The monovalent photodegradable onium cation repre 

sented by X* is a cation that is degraded by irradiation with 
an exposure light. At light-exposed sites, a Sulfonic acid is 
generated from a proton generated upon the degradation of 
the photodegradable onium cation and a Sulfonate anion. 
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Examples of the monovalent photodegradable onium cation 
represented by X* include radiation-degradable onium cat 
ions that contain an element such as S., I, O, N, P. Cl, Br, F, 
As, Se, Sn, Sb, Te and Bi. Examples of the cation that 
contains S (Sulfur) as the element include Sulfonium cations, 
tetrahydrothiophenium cations and the like, and examples of 
the cation that contains I (iodine) as the element include 
iodonium cations and the like. Of these, a Sulfonium cation 
represented by the following formula (X-1), a tetrahydroth 
iophenium cation represented by the following formula 
(X-2), and an iodonium cation represented by the following 
formula (X-3) are preferred. 

(X-1) 
(R) 

sas 
sa 

21 

(R') S. (R) 
N SAS 

21 21 
(X-2) 

(X-3) 

In the above formula (X-1), R', R* and R each 
independently represent a substituted or unsubstituted linear 
or branched alkyl group having 1 to 12 carbon atoms, a 
Substituted or unsubstituted aromatic hydrocarbon group 
having 6 to 12 carbon atoms, —OSO, R or - SO. R. 
or two or more of these groups taken together represent a 
ring structure; R and Reach independently represent a 
substituted or unsubstituted linear or branched alkyl group 
having 1 to 12 carbon atoms, a Substituted or unsubstituted 
alicyclic hydrocarbon group having 5 to 25 carbon atoms, or 
a Substituted or unsubstituted aromatic hydrocarbon group 
having 6 to 12 carbon atoms; and k1,k2 and k3 are each 
independently an integer of 0 to 5, wherein R' to R', and 
R and R are each present in a plurality of number, a 
plurality of R's to R's may be each identical or different, 
a plurality of Rs may be each identical or different and a 
plurality of R's may be each identical or different. 

In the above formula (X-2), R' represents a substituted or 
unsubstituted linear or branched alkyl group having 1 to 8 
carbon atoms, or a substituted or unsubstituted aromatic 
hydrocarbon group having 6 to 8 carbon atoms; k4 is an 
integer of 0 to 7, wherein in a case where R'' is present in 
a plurality of number, a plurality of R's are identical or 
different, and a plurality of R' may taken together represent 
a ring structure; R represents a substituted or unsubstituted 
linear or branched alkyl group having 1 to 7 carbon atoms, 
or a substituted or unsubstituted aromatic hydrocarbon 
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group having 6 or 7 carbon atoms; kiS is an integer of 0 to 
6, wherein in a case where R is present in a plurality of 
number, a plurality of R’s may be identical or different, and 
a plurality of R' may taken together represent a ring 
structure; and t is an integer of 0 to 3. 

In the above formula (X-3), R and Reach indepen 
dently represent a substituted or unsubstituted linear or 
branched alkyl group having 1 to 12 carbon atoms, a 
Substituted or unsubstituted aromatic hydrocarbon group 
having 6 to 12 carbon atoms, OSO, R' or -SO. R. 
or two or more of these groups taken together represent a 
ring structure: R* and R each independently represent a 
substituted or unsubstituted linear or branched alkyl group 
having 1 to 12 carbon atoms, a Substituted or unsubstituted 
alicyclic hydrocarbon group having 5 to 25 carbon atoms, or 
a Substituted or unsubstituted aromatic hydrocarbon group 
having 6 to 12 carbon atoms; and ké and k7 are each 
independently an integer of 0 to 5, wherein in a case where 
R. R. R* and Rare each present in a plurality of number, 
a plurality of R's may be each identical or different, a 
plurality of Rs may be each identical or different, a 
plurality of R's may be each identical or different and a 
plurality of R's may be each identical or different. 

Examples of the unsubstituted linear alkyl group which 
may be represented by R' to R, R', R, R or R 
include a methyl group, an ethyl group, a n-propyl group, a 
n-butyl group, and the like. 

Examples of the unsubstituted branched alkyl group 
which may be represented by R' to R. R. R. R. or R 
include an i-propyl group, an i-butyl group, a sec-butyl 
group, a t-butyl group, and the like. 

Examples of the unsubstituted aromatic hydrocarbon 
group which may be represented by R' to R, R or R 
include: aryl groups such as a phenyl group, a tolyl group, 
a Xylyl group, a mesityl group and a naphthyl group, aralkyl 
groups such as a benzyl group and a phenethyl group; and 
the like. 

Examples of the unsubstituted aromatic hydrocarbon 
group which may be represented by R' or R' include a 
phenyl group, a tolyl group, a benzyl group, and the like. 

Examples of the substituent which may substitute for a 
hydrogen atom included in the alkyl group and the aromatic 
hydrocarbon group include: halogenatoms such as a fluorine 
atom, a chlorine atom, a bromine atom and an iodine atom; 
a hydroxy group; a carboxy group; a cyano group; a nitro 
group; an alkoxy group; an alkoxycarbonyl group; an 
alkoxycarbonyloxy group; an acyl group; an acyloxy group; 
and the like. 
Of these, halogen atoms are preferred, and a fluorine atom 

is more preferred. 
R' to R. R. R. R. and R represent preferably an 

unsubstituted linear or branched alkyl group, a fluorinated 
alkyl group, an unsubstituted monovalent aromatic hydro 
carbon group, —OSO, R", or —SO R", more prefer 
ably a fluorinated alkyl group, an unsubstituted monovalent 
aromatic hydrocarbon group, and still more preferably a 
fluorinated alkyl group. R" represents an unsubstituted mon 
ovalent alicyclic hydrocarbon group or an unsubstituted 
monovalent aromatic hydrocarbon group. 

In the above formula (X-1), k1,k2 and k3 are preferably 
an integer of 0 to 2, more preferably 0 or 1, and still more 
preferably 0. 

In the above formula (X-2), k4 is preferably an integer of 
0 to 2, more preferably 0 or 1, and still more preferably 1: 
and kS is preferably an integer of 0 to 2, more preferably 0 
or 1, and still more preferably 0. 
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In the above formula (X-3), k6 and k7 are preferably an 

integer of 0 to 2, more preferably 0 or 1, and still more 
preferably 0. 

Examples of the acid generating agent represented by the 
above formula (4) include compounds represented by the 
following formulae (4-1) to (4-11) (hereinafter, may be also 
referred to as “compounds (4-1) to (4-11)'), and the like. 

(4-1) 

X+ 

(4-2) 
O CF3 

SO X+ 
O 

F F 

(4-3) 

SO X+ 

F F 

(4-4) 

O F F 

SO Xt 
O 

F F 

(4-5) 
F F 

SOs XF 

F F 

(4-6) 
F F 

O 

O SO Xt 

O 

O 

(4-7) 
O F F 

F F 

O 

O 

(4-8) 

F F 

------X. SO X" 
O O 



US 9,703,195 B2 
69 

-continued 
(4-9) 

F F 

HO SO Xt 
O 

O F F 

(4-10) 

y-C) 
O 

F F 

O SO Xt 

O F F 

(4-11) 

sk 
8 F F 

Of these, the acid generating agent (B) is preferably an 
onium salt compound, more preferably a Sulfonium salt, still 
more preferably a Sulfonium salt containing an anion that 
includes an adamantane structure, a Sulfonium salt contain 
ing an anion that includes a norbornanesultone structure, a 
Sulfonium salt containing an anion that includes a Sulfona 
mide structure, and particularly preferably the compound 
(4-2). 

In a case where the acid generator (B) is the acid gener 
ating agent (B), in light of ensuring the sensitivity and 
developability of the radiation-sensitive resin composition, 
the content of the acid generator (B) with respect to 100 
parts by mass of the polymer (A) is preferably no less than 
0.1 parts by mass and no greater than 30 parts by mass, more 
preferably no less than 0.5 parts by mass and no greater than 
20 parts by mass, still more preferably no less than 1 parts 
by mass and no greater than 15 parts by mass, and particu 
larly preferably no less than 3 parts by mass and no greater 
than 15 parts by mass. When the content of the acid 
generating agent (B) falls within the above range, the 
sensitivity and developability of the radiation-sensitive resin 
composition may be further increased. One, or two or more 
types of the acid generator (B) may be used. 
(C) Organic Solvent 
The radiation-sensitive resin composition typically con 

tains (C) an organic solvent. The organic solvent (C) is not 
particularly limited as long as it is capable of dissolving or 
dispersing at least the polymer (A) and the acid generator 
(B), as well as the acid diffusion controller (D) and the like 
contained as desired. 
The organic solvent (C) is exemplified by an alcohol 

Solvent, an ether solvent, a ketone organic solvent, an amide 
Solvent, an ester organic solvent, a hydrocarbon solvent, and 
the like. 

Examples of the alcohol solvent include: 
monohydric alcohol solvents such as methanol, ethanol, 

n-propanol, iso-propanol, n-butanol, iso-butanol, Sec-buta 
nol, tert-butanol, n-pentanol, iso-pentanol, 2-methylbutanol, 
sec-pentanol, tert-pentanol, 3-methoxybutanol, n-hexanol, 
2-methylpentanol, Sec-hexanol, 2-ethylbutanol, Sec-hepta 
nol, 3-heptanol, n-octanol, 2-ethylhexanol, sec-octanol, 
n-nonyl alcohol. 2,6-dimethyl-4-heptanol, n-decanol, sec 
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undecyl alcohol, trimethylnonyl alcohol, sec-tetradecyl 
alcohol, sec-heptadecyl alcohol, furfuryl alcohol, phenol, 
cyclohexanol, methylcyclohexanol, 3,3,5-trimethylcyclo 
hexanol, benzyl alcohol and diacetone alcohol; 

polyhydric alcohol Solvents such as ethylene glycol, 1.2- 
propylene glycol. 1,3-butylene glycol, 2.4-pentanediol. 
2-methyl-2,4-pentanediol. 2.5-hexanediol. 2.4-heptanediol. 
2-ethyl-1,3-hexanediol, diethylene glycol, dipropylene gly 
col, triethylene glycol and tripropylene glycol; 

polyhydric alcohol partial ether solvents such as ethylene 
glycol monomethyl ether, ethylene glycol monoethyl ether, 
ethylene glycol monopropyl ether, ethylene glycol monobu 
tyl ether, ethylene glycol monohexyl ether, ethylene glycol 
monophenyl ether, ethylene glycol mono-2-ethylbutyl ether, 
diethylene glycol monomethyl ether, diethylene glycol 
monoethyl ether, diethylene glycol monopropyl ether, dieth 
ylene glycol monobutyl ether, diethylene glycol monohexyl 
ether, propylene glycol monomethyl ether, propylene glycol 
monoethyl ether, propylene glycol monopropyl ether, pro 
pylene glycol monobutyl ether, dipropylene glycol monom 
ethyl ether, dipropylene glycol monoethyl ether and dipro 
pylene glycol monopropyl ether, and the like. 

Examples of the ether solvent include: 
dialkyl ether solvents such as diethyl ether, dipropyl ether 

and dibutyl ether; 
cyclic ether solvents such as tetrahydrofuran and tetrahy 

dropyran: 
aromatic ring-containing ether solvents such as diphenyl 

ether and anisole (methyl phenyl ether); and the like. 
Examples of the ketone solvent include: 
chain ketone solvents such as acetone, methyl ethyl 

ketone, methyl n-propyl ketone, methyl n-butyl ketone, 
diethyl ketone, methyl iso-butyl ketone, 2-heptanone 
(methyl n-pentyl ketone), ethyl n-butyl ketone, methyl 
n-hexyl ketone, di-iso-butyl ketone and trimethylnonanone: 

cyclic ketone solvents such as cyclopentanone, cyclo 
hexanone, cycloheptanone, cyclooctanone and methylcyclo 
hexanone: 

2.4-pentanedione, acetonylacetone, and acetophenone; 
and the like. 

Examples of the amide solvent include: 
cyclic amide solvents such as N,N'-dimethylimidazolidi 

none and N-methylpyrrolidone: 
chain amide solvents such as N-methylformamide, N.N- 

dimethylformamide, N,N-diethylformamide, acetamide, 
N-methylacetamide, N,N-dimethylacetamide and N-meth 
ylpropionamide; and the like. 

Examples of the ester solvent include: 
acetic acid ester Solvents such as methyl acetate, ethyl 

acetate, n-propyl acetate, iso-propyl acetate, n-butyl acetate, 
iso-butyl acetate, sec-butyl acetate, n-pentyl acetate, i-pentyl 
acetate, sec-pentyl acetate, 3-methoxybutyl acetate, methyl 
pentyl acetate, 2-ethylbutyl acetate, 2-ethylhexyl acetate, 
benzyl acetate, cyclohexyl acetate, methylcyclohexyl 
acetate and n-nonyl acetate; 

polyhydric alcohol partial ether acetate solvents such as 
ethylene glycol monomethyl ether acetate, ethylene glycol 
monoethyl ether acetate, diethylene glycol monomethyl 
ether acetate, diethylene glycol monoethyl ether acetate, 
diethylene glycol mono-n-butyl ether acetate, propylene 
glycol monomethyl ether acetate, propylene glycol mono 
ethyl ether acetate, propylene glycol monopropyl ether 
acetate, propylene glycol monobutyl ether acetate, dipropyl 
ene glycol monomethyl ether acetate and dipropylene glycol 
monoethyl ether acetate; 

carbonate solvents such as dimethyl carbonate and diethyl 
carbonate; 
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glycol diacetate, methoxytriglycol acetate, ethyl propi 
onate, n-butyl propionate, iso-amyl propionate, diethyl 
oxalate, di-n-butyl oxalate, methyl acetoacetate, ethyl 
acetoacetate, methyl lactate, ethyl lactate, n-butyl lactate, 
n-amyl lactate, diethyl malonate, dimethyl phthalate and 
diethyl phthalate; and the like. 

Examples of the hydrocarbon solvent include: 
aliphatic hydrocarbon solvents such as n-pentane, iso 

pentane, n-hexane, iso-hexane, n-heptane, iso-heptane, 2.2, 
4-trimethylpentane, n-octane, iso-octane, cyclohexane and 
methylcyclohexane: 

aromatic hydrocarbon Solvents such as benzene, toluene, 
Xylene, mesitylene, ethylbenzene, trimethylbenzene, methy 
lethylbenzene, n-propylbenzene, iso-propylbenzene, dieth 
ylbenzene, iso-butylbenzene, triethylbenzene, di-iso-propy 
Ibenzene and n-amylnaphthalene; and the like. 
Of these, an ester solvent and a ketone solvent are 

preferred, a polyhydric alcohol partial ether acetate solvent 
and a cyclic ketone solvent are more preferred, and propyl 
ene glycol monomethyl ether acetate and cyclohexanone are 
still more preferred. The radiation-sensitive resin composi 
tion may contain one, or two or more types of the organic 
solvent (C). 
(D) Acid Diffusion Controller 
The radiation-sensitive resin composition according to the 

embodiment of the present invention may contain (D) an 
acid diffusion controller, as needed. 
The acid diffusion controller (D) exerts the effect of 

controlling a diffusion phenomenon of the acid generated 
from the acid generator (B) upon an exposure in the resist 
film, and inhibiting unfavorable chemical reactions in unex 
posed regions; as a result, storage stability of the resulting 
radiation-sensitive resin composition is further improved, 
and a resolution for use as a resist is further improved, while 
inhibiting variations of the line widths of the resist pattern 
caused by variations of post-exposure delay from the expo 
sure until a development treatment, which enables the radia 
tion-sensitive resin composition with Superior process sta 
bility to be obtained. The acid diffusion controller (D) may 
be contained in the radiation-sensitive resin composition 
either in the form of a free compound (hereinafter, may be 
also referred to as "(D) acid diffusion control agent' or “acid 
diffusion control agent (D)', as appropriate), or in the form 
incorporated as a part of the polymer, or may be in both of 
these forms. 

The acid diffusion control agent (D) is exemplified by a 
compound represented by the following formula (5a) (here 
inafter, may be also referred to as "nitrogen-containing 
compound (I)'), a compound having two nitrogen atoms 
within a single molecule (hereinafter, may be also referred 
to as "nitrogen-containing compound (II)”), a compound 
having three nitrogen atoms within a single molecule (here 
inafter, may be also referred to as "nitrogen-containing 
compound (III)”), an amide group-containing compound, a 
urea compound, a nitrogen-containing heterocyclic com 
pound, and the like. 

(5a) 

In the above formula (5a), R'', R'' and R' each inde 
pendently represent a hydrogen atom, an unsubstituted or 
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Substituted linear, branched or cyclic alkyl group, an unsub 
stituted or Substituted aryl group or an unsubstituted or 
Substituted aralkyl group. 

Examples of the nitrogen-containing compound (I) 
include: monoalkylamines such as n-hexylamine; dialky 
lamines Such as di-n-butylamine; trialkylamines such as 
triethylamine and tri-n-pentylamine; aromatic amines Such 
as aniline; and the like. 

Examples of the nitrogen-containing compound (II) 
include ethylenediamine, N.N.N',N'-tetramethylethylenedi 
amine, and the like. 

Examples of the nitrogen-containing compound (III) 
include: polyamine compounds such as polyethyleneimine 
and polyallylamine; polymers of dimethylaminoethylacryl 
amide, etc.; and the like. 

Examples of the amide group-containing compound 
include formamide, N-methylformamide, N,N-dimethylfor 
mamide, acetamide, N-methylacetamide, N,N-dimethylac 
etamide, propionamide, benzamide, pyrrolidone, N-methyl 
pyrrolidone, and the like. 

Examples of the urea compound include urea, methylurea, 
1,1-dimethylurea, 1,3-dimethylurea, 1,1,3,3-tetramethylu 
rea, 1,3-diphenylurea, tributylthiourea, and the like. 

Examples of the nitrogen-containing heterocyclic com 
pound include: pyridines such as pyridine and 2-methylpyri 
dine; morpholines Such as N-propylmorpholine and N-(un 
decan-1-ylcarbonyloxyethyl)morpholine; pyrazine, and 
pyrazole; and the like. 
A nitrogen-containing organic compound that includes an 

acid-labile group may also be used as the nitrogen-contain 
ing organic compound. Examples of the nitrogen-containing 
organic compound that includes an acid-labile group include 
N-t-butoxycarbonylpiperidine, N-t-butoxycarbonylimida 
Zole, N-t-butoxycarbonylbenzimidazole, N-t-butoxycarbo 
nyl-2-phenylbenzimidazole, N-(t-butoxycarbonyl)di-n-oc 
tylamine, N-(t-butoxycarbonyl)diethanolamine, N-(t- 
butoxycarbonyl)dicyclohexylamine, N-(t-butoxycarbonyl) 
diphenylamine, N-t-butoxycarbonyl-4-hydroxypiperidine, 
N-t-amyloxycarbonyl-4-hydroxypiperidine, and the like. 

In addition, as the acid diffusion control agent (D), a 
photodegradable base which is sensitized upon an exposure 
to generate a weak acid can be used. The photodegradable 
base is exemplified by an onium salt compound which is 
degraded upon an exposure and loses its acid diffusion 
controllability, and the like. Examples of the onium salt 
compound include a sulfonium salt compound represented 
by the following formula (5.b-1), an iodonium salt com 
pound represented by the following formula (5b-2), and the 
like. 

(5.b-1) 
R 15 

r 
2 

RS4 
)-- E 

21 

Sa. 

R17 
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-continued 

) - " / o \ / 
In the above formulae (5b-1) and (5b-2), R' to R' each 

independently represent a hydrogenatom, an alkyl group, an 
alkoxy group, a hydroxy group or a halogenatom. ET and Q 
each independently represent OH, RP COO, RP SO, 
or an anion represented by the following formula (5b-3), 
wherein R represents an alkyl group, an aryl group or an 
aralkyl group. 

OH 
21 

(R20 - - 
S O 

O 

In the above formula (5b-3), R” represents a linear or 
branched alkyl group having 1 to 12 carbon atoms, or a 
linear or branched alkoxyl group having 1 to 12 carbon 
atoms, wherein a part or all of hydrogen atoms included in 
the linear or branched alkyl group or the linear or branched 
alkoxyl group may be substituted with a fluorine atom; and 
u is an integer of 0 to 2. 

(5b-2) 

(5b-3) 

Examples of the photodegradable base include com 
pounds represented by the following formulae, and the like. 

C C. 
CO 

C 
O O SO 

- S 
S. 1N1 a- NCF, 
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CHCOO 5 

10 

SO 

15 

COO 2O 

25 

COO 

CFCOO 
S. 

30 

S. 
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o O 35 

40 

O 
45 

Of these, as the photodegradable base, a sulfonium salt is 
preferred, a triarylsulfonium salt is more preferred, and 
triphenylsulfonium salicylate and triphenylsulfonium 
10-camphorsulfonate are still more preferred. 

In the case of the acid diffusion controller (D) being (D) 50 
an acid diffusion control agent, the content of the acid 
diffusion controller (D) with respect to 100 parts by mass of 
the polymer (A) is preferably 0 parts by mass to 20 parts by 
mass, more preferably 0.1 parts by mass to 15 parts by mass, 
still more preferably 0.3 parts by mass to 10 parts by mass, 
and particularly preferably 0.5 parts by mass to 5 parts by 
mass. When the content of the acid diffusion control agent 
(D) is greater than the upper limit, the sensitivity of the 
radiation-sensitive resin composition may be deteriorated. 
(E) Polymer 
The polymer (E) is an acid-labile group-containing poly 

mer (except for those corresponding to the polymer (A)). In 
the case of the polymer (A) not including an acid-labile 
group, the radiation-sensitive resin composition needs to 
contain the polymer (E). The polymer (E) preferably has a 
structural unit that includes an acid-labile group. Examples 
of the structural unit that includes an acid-labile group 
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include structural units similar to those exemplified in 
connection with the structural unit (II) of the polymer (A), 
and the like. 
The polymer (E) is exemplified by a polymer having the 

structural units (II) to (V) of the polymer (A) and other 
structural unit, and the like. 

In the case of the polymer (A) not including the acid 
labile group, the content of the polymer (E) with respect to 
100 parts by mass of the polymer (A) is preferably 20 parts 
by mass to 200 parts by mass, and more preferably 50 parts 
by mass to 150 parts by mass. 
(F) Polymer 
The polymer (F) is a fluorine atom-containing polymer 

(except for those corresponding to the polymer (A)). When 
the radiation-sensitive resin composition according to the 
embodiment of the present invention contains the polymer 
(F), in forming a resist film, the polymer (F) tends to be 
unevenly distributed in the vicinity of the surface of the 
resist film due to oil repellent characteristics of the fluorine 
containing polymer in the film, and thus elution of the acid 
generating agent, the acid diffusion control agent and the 
like into a liquid immersion medium can be inhibited during 
an exposure through the liquid immersion medium. In 
addition, due to water repellent characteristics of the poly 
mer (F), an advancing contact angle of a liquid immersion 
medium on a resist film can be controlled to fall within a 
desired range, whereby formation of bubble defects can be 
inhibited. Furthermore, a larger receding contact angle of a 
liquid immersion medium on a resist film is attained, thereby 
enabling an exposure by high-speed scanning without being 
accompanied by residual water beads. Thus, when the radia 
tion-sensitive resin composition contains the polymer (F), a 
resist film Suitable for a liquid immersion lithography pro 
cess can be formed. 
The polymer (F) is not particularly limited as long as the 

polymer (F) contains a fluorine atom; however, it is pre 
ferred that the polymer (F) has a higher percentage content 
(% by mass) of fluorine atoms than that of the polymer (A) 
in the radiation-sensitive resin composition. When the poly 
mer (F) has a higher percentage content of fluorine atoms 
than that of the polymer (A), a higher degree of the afore 
mentioned uneven distribution is attained, leading to an 
improvement of characteristics such as water repellency and 
elution inhibitory ability of the resulting resist film. 
The percentage content of fluorine atoms of the polymer 

(F) is preferably no less than 1% by mass, more preferably 
2% by mass to 60% by mass, still more preferably 4% by 
mass to 40% by mass, and particularly preferably 7% by 
mass to 30% by mass. When the percentage content of 
fluorine atoms of the polymer (F) is less than lower limit, the 
hydrophobicity of the surface of the resist film may be 
deteriorated. It is to be noted that the percentage content (% 
by mass) of fluorine atoms of the polymer can be calculated 
based on the structure of the polymer determined by 'C- 
NMR spectroscopy. 
The polymer (F) preferably has at least one selected from 

the group consisting of the following structural units (Fa) 
and (Fb). The polymer (F) may have each one, or two or 
more types of the structural unit (Fa) and/or the structural 
unit (Fb). 
Structural Unit (Fa) 
The structural unit (Fa) is represented by the following 

formula (6a). When the polymer (F) has the structural unit 
(Fa), the percentage content of fluorine atoms of the polymer 
(F) can be adjusted. 
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(6a) 

In the above formula (6a), R represents a hydrogenatom, 
a methyl group or a trifluoromethyl group; G represents a 
single bond, an oxygen atom, a Sulfur atom, —CO-O-, 

SO. O. NH-, -CO. NH- or - O CO. NH-; 
R represents a monovalent chain hydrocarbon group having 
1 to 6 carbon atoms and at least one fluorine atom, or a 
monovalent aliphatic cyclic hydrocarbon group having 4 to 
20 carbon atoms and at least one fluorine atom. 

Examples of the chain hydrocarbon group having 1 to 6 
carbon atoms and at least one fluorine atom, which may be 
represented by R', include a trifluoromethyl group, a 2.2, 
2-trifluoroethyl group, a perfluoroethyl group, a 2.2.3,3,3- 
pentafluoropropyl group, a 1.1.1.3.3.3-hexafluoropropyl 
group, a perfluoro-n-propyl group, a perfluoro-i-propyl 
group, a perfluoro-n-butyl group, a perfluoro-i-butyl group, 
a perfluoro-t-butyl group, a 2.2.3.3.4.4.5.5-octafluoropentyl 
group, a perfluorohexyl group, and the like. 

Examples of the aliphatic cyclic hydrocarbon group hav 
ing 4 to 20 carbon atoms and at least one fluorine atom, 
which may be represented by R', include a monofluorocy 
clopentyl group, a difluorocyclopentyl group, a perfluoro 
cyclopentyl group, a monofluorocyclohexyl group, a difluo 
rocyclopentyl group, a perfluorocyclohexylmethyl group, a 
fluoronorbornyl group, a fluoroadamantyl group, a fluo 
robornyl group, a fluoroisobornyl group, a fluorotricyclode 
cyl group, a fluorotetracyclodecyl group, and the like. 

Examples of a monomer that gives the structural unit (Fa) 
include (meth)acrylic acid trifluoromethyl ester, (meth) 
acrylic acid 2.2.2-trifluoroethyl ester, (meth)acrylic acid 
2.2.2-trifluoroethyloxycarbonylmethyl ester, (meth)acrylic 
acid perfluoroethyl ester, (meth)acrylic acid perfluoro-n- 
propyl ester, (meth)acrylic acid perfluoro-i-propyl ester, 
(meth)acrylic acid perfluoro-n-butyl ester, (meth)acrylic 
acid perfluoro-i-butyl ester, (meth)acrylic acid perfluoro-t- 
butyl ester, (meth)acrylic acid 2-(1,1,1,3,3,3-hexafluoropro 
pyl) ester, (meth)acrylic acid 1-(2.2.3.3.4.4.5.5-octafluoro 
pentyl) ester, (meth)acrylic acid perfluorocyclohexylmethyl 
ester, (meth)acrylic acid 1-(2.2.3,3,3-pentafluoropropyl) 
ester, (meth)acrylic acid monofluorocyclopentyl ester, 
(meth)acrylic acid difluorocyclopentyl ester, (meth)acrylic 
acid perfluorocyclopentyl ester, (meth)acrylic acid mono 
fluorocyclohexyl ester, (meth)acrylic acid difluorocyclopen 
tyl ester, (meth)acrylic acid perfluorocyclohexylmethyl 
ester, (meth)acrylic acid fluoronorbornyl ester, (meth)acrylic 
acid fluoroadamantyl ester, (meth)acrylic acid fluorobornyl 
ester, (meth)acrylic acid fluoroisobornyl ester, (meth)acrylic 
acid fluorotricyclodecyl ester, (meth)acrylic acid fluorotet 
racyclodecyl ester, and the like. 
Of these, (meth)acrylic acid 2.2.2-trifluoroethyloxycarbo 

nylmethyl ester is preferred. 
The proportion of the structural unit (Fa) with respect to 

the total structural units constituting the polymer (F) is 
preferably 5 mol % to 95 mol %, more preferably 10 mol% 
to 90 mol %, and still more preferably 30 mol % to 85 mol 
%. When the proportion of the structural unit (Fa) falls 
within the above range, a larger dynamic contact angle can 
be achieved on the surface of the resist film in the exposure 
through a liquid immersion medium. 
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Structural Unit (Fb) 
The structural unit (Fb) is represented by the following 

formula (6b). When the polymer (F) has the structural unit 
(Fb), the hydrophobicity thereof may be enhanced, leading 
to a further increase of a dynamic contact angle on the 
surface of the resist film formed from the radiation-sensitive 
resin composition. 

(6b) 

O 

R2--R22-X2-A1-R23), 

In the above formula (6b), R represents a hydrogenatom, 
a methyl group or a trifluoromethyl group; R represents a 
hydrocarbon group having 1 to 20 carbon atoms and having 
a valency of (S+1), which may further include an oxygen 
atom, a Sulfur atom, —NR' , a carbonyl group, —CO— 
O— or -CO. NH-bound at an end of R on the R’ side: 
R" represents a hydrogen atom or a monovalent organic 
group; R’ represents a single bond, a divalent chain hydro 
carbon group having 1 to 10 carbon atoms or a divalent 
aliphatic cyclic hydrocarbon group having 4 to 20 carbon 
atoms: X represents a divalent chain hydrocarbon group 
having 1 to 20 carbon atoms and at least one fluorine atom; 
A represents an oxygen atom, NR" , —CO-O * or 
—SO O—*, wherein R" represents a hydrogen atom or a 
monovalent organic group, and * denotes a binding site to 
R’; R represents a hydrogen atom or a monovalent 
organic group; and S is an integer of 1 to 3, wherein in a case 
where s is 2 or 3, a plurality of R’s may be each identical 
or different, a plurality of X’s may be each identical or 
different, a plurality of A's may be each identical or different 
and a plurality of R’s may be each identical or different. 

It is preferred that R represents a hydrogenatom in light 
of the possibility of the improvement of the solubility of the 
polymer (F) in an alkaline developer Solution. 

Examples of the monovalent organic group which may be 
represented by R’ include: hydrocarbon groups having 1 to 
30 carbon atoms and optionally including an acid-labile 
group, an alkali-labile group or a Substituent; and the like. 

Examples of the structural unit (Fb) include structural 
units represented by the following formulae (6b-1) to (6b-3), 
and the like. 

(6b-1) 

(6b-2) 
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-continued 
RF (6b-3) 

O 

O 

--X?-O-R2), 

In the above formulae (6b-1) to (6b-3), R represents a 
linear, branched or cyclic Saturated or unsaturated hydro 
carbon divalent group having 1 to 20 carbon atoms; and R. 
X, R and s are as defined in the above formula (6b). 
wherein in a case where s is 2 or 3, a plurality of X’s may 
be each identical or different, and a plurality of R’s may be 
each identical or different. 
The proportion of the structural unit (6b) with respect to 

the total structural units constituting the polymer (F) is 
preferably 0 mol % to 90 mol %, more preferably 5 mol % 
to 85 mol %, and still more preferably 10 mol % to 80 mol 
%. When the proportion of the structural unit (6b) falls 
within the above range, the degree of a decrease of a 
dynamic contact angle on the Surface of the resist film 
formed from the radiation-sensitive resin composition in a 
development with an alkali may be increased. 
Structural Unit (Fc) 
The polymer (F) may have, in addition to the structural 

units (Fa) and (Fb), a structural unit that includes an acid 
labile group (hereinafter, may be also referred to as “struc 
tural unit (Fc)') (except for those corresponding to the 
structural unit (Fb)). When the polymer (F) has the structural 
unit (Fc), the configuration of the resulting resist pattern may 
be more favorable. Examples of the structural unit (Fc) 
include the structural unit (II) mentioned hereinabove in 
connection with the polymer (A), and the like. 
The proportion of the structural unit (Fc) with respect to 

the total structural units constituting the polymer (F) is 
preferably 5 mol % to 90 mol %, more preferably 10 mol% 
to 70 mol %, still more preferably 15 mol % to 60 mol %, 
and particularly preferably 15 mol% to 50 mol%. When the 
proportion of the structural unit (Fc) is less than the lower 
limit, formation of development defects in the resist pattern 
may not be sufficiently inhibited. When the proportion of the 
structural unit (Fc) is greater than the upper limit, the 
hydrophobicity of the surface of the resulting resist film may 
be decreased. 
Other Structural Unit 

Also, the polymer (F) may have, in addition to the 
aforementioned structural units, other structural unit, for 
example: a structural unit that includes an alkali-soluble 
group; a structural unit that includes at least one structure 
selected from the group consisting of a lactone structure, a 
cyclic carbonate structure and a Sultone structure; a struc 
tural unit that includes an alicyclic group; and the like. 
Examples of the alkali-soluble group include a carboxy 
group, a Sulfonamide group, a Sulfo group, and the like. 
Examples of the structural unit that includes at least one 
structure selected from the group consisting of a lactone 
structure, a cyclic carbonate structure and a Sultone structure 
include the structural unit (IV) mentioned hereinabove in 
connection with the polymer (A), and the like. 
The proportion of the other structural unit with respect to 

the total structural units constituting the polymer (F) is 
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typically no greater than 30 mol%, and preferably no greater 
than 20 mol%. When the proportion of the other structural 
unit is greater than the upper limit, the pattern formability of 
the radiation-sensitive resin composition may be deterio 
rated. 
The content of the polymer (F) in the radiation-sensitive 

resin composition with respect to 100 parts by mass of the 
polymer (A) is preferably 0 to 20 parts by mass, more 
preferably 0.5 parts by mass to 15 parts by mass, and still 
more preferably 1 parts by mass to 10 parts by mass. When 
the content of the polymer (F) is greater than the upper limit, 
the pattern formability of the radiation-sensitive resin com 
position may be deteriorated. 
Other Optional Components 
The radiation-sensitive resin composition may contain 

other optional component in addition to the aforementioned 
components (A) to (F). Examples of the other optional 
component include an uneven distribution accelerator, a 
Surfactant, an alicyclic skeleton-containing compound, a 
sensitizing agent, and the like. These other optional com 
ponents each may be used either alone or in combination of 
two or more types thereof. 
Uneven Distribution Accelerator 
The uneven distribution accelerator exerts the effect of 

more efficiently segregating the polymer (F) on the Surface 
of the resist film, for example, in a case where the radiation 
sensitive resin composition contains the polymer (F). When 
the radiation-sensitive resin composition contains this 
uneven distribution accelerator, the amount of the polymer 
(F) added can be decreased than before. Therefore, elution 
of the component(s) from the resist film into a liquid 
immersion liquid is further inhibited, and quicker liquid 
immersion lithography is enabled by high-speed scanning, 
without impairing basic characteristics for use as a resist, in 
terms of, e.g., the LWR, the development defects and the 
pattern collapse resistance. As a result, the hydrophobicity of 
the surface of the resist film that prevents defects derived 
from liquid immersion Such as watermark defects can be 
increased. As the uneven distribution accelerator, a low 
molecular weight compound having a relative permittivity 
of no less than 30 and no greater than 200, and having a 
boiling point at 1 atmospheric pressure of no less than 100° 
C. may be used. Specifically, Such a compound is exempli 
fied by a lactone compound, a carbonate compound, a nitrile 
compound, a polyhydric alcohol, and the like. 

Specific examples of the lactone compound include Y-bu 
tyrolactone, Valerolactone, mevalonic lactone, norbornane 
lactone, and the like. 

Specific examples of the carbonate compound include 
propylene carbonate, ethylene carbonate, butylene carbon 
ate, vinylene carbonate, and the like. 

Specific examples of the nitrile compound include Succi 
nonitrile, and the like. Specific examples of the polyhydric 
alcohol include glycerin, and the like. 
The content of the uneven distribution accelerator with 

respect to 100 parts by mass of the total amount of the 
polymer(s) in the radiation-sensitive resin composition is 
preferably 10 parts by mass to 500 parts by mass, and more 
preferably 30 to 300 parts by mass. 

Surfactant 
The Surfactant exerts the effect of improving coating 

properties, striation, developability, and the like. Examples 
of the Surfactant include: nonionic Surfactants such as poly 
oxyethylene lauryl ether, polyoxyethylene stearyl ether, 
polyoxyethylene oleyl ether, polyoxyethylene n-octylphenyl 
ether, polyoxyethylene n-nonylphenyl ether, polyethylene 
glycol dilaurate and polyethylene glycol distearate; com 



US 9,703,195 B2 
81 

mercially available products such as KP341 (manufactured 
by Shin-Etsu Chemical Co., Ltd.), Polyflow No. 75 and 
Polyflow No. 95 (each manufactured by Kyoeisha Chemical 
Co., Ltd.), EFTOP EF301, EFTOP EF303 and EFTOP 
EF352 (each manufactured by Tochem Products Co. Ltd.), 
Megaface F 171 and Megaface F173 (each manufactured by 
DIC), Fluorad FC430 and Fluorad FC431 (each manufac 
tured by Sumitomo 3M Limited), ASAHI GUARD AG710, 
and Surflon S-382, Surflon SC-101, Surflon SC-102, Surflon 
SC-103, Surflon SC-104, Surflon SC-105 and Surflon 
SC-106 (each manufactured by Asahi Glass Co., Ltd.); and 
the like. The content of the surfactant in the radiation 
sensitive resin composition is typically no greater than 2 
parts by mass with respect to 100 parts by mass of the 
polymer (A). 

Alicyclic Skeleton-Containing Compound 
The alicyclic skeleton-containing compound exerts the 

effect of improving dry-etching resistance, a pattern con 
figuration, adhesiveness to a Substrate, and the like. 

Sensitizing Agent 
The sensitizing agent exhibits the action of increasing the 

amount of the acid produced from the acid generating agent 
(B) or the like, and exerts the effect of improving “apparent 
sensitivity of the radiation-sensitive resin composition. 

Examples of the sensitizing agent include carbazoles, 
acetophenones, benzophenones, naphthalenes, phenols, 
biacetyl, eosin, rose bengal, pyrenes, anthracenes, phenothi 
azines, and the like. These sensitizing agents may be used 
either alone, or two or more types thereof may be used in 
combination. The content of the sensitizing agent in the 
radiation-sensitive resin composition is typically no greater 
than 2 parts by mass with respect to 100 parts by mass of the 
polymer (A). 
Preparation Method of Radiation-Sensitive Resin Composi 
tion 

The radiation-sensitive resin composition may be pre 
pared, for example, by mixing the polymer (A) and the acid 
generator (B), as well as the acid diffusion control agent (D), 
the polymer (E), the polymer (F) and the optional compo 
nent which are contained as needed, with the organic solvent 
(C) in a certain ratio. After the mixing, the radiation 
sensitive resin composition is preferably filtered through a 
filter with a pore size of about 0.2 m, for example. The solid 
content concentration of the radiation-sensitive resin com 
position is typically 0.1% by mass to 50% by mass, prefer 
ably 0.5% by mass to 30% by mass, and more preferably 1% 
by mass to 20% by mass. 

The radiation-sensitive resin composition may be used for 
positive-pattern formation in which an alkaline developer 
Solution is employed, and negative-pattern formation in 
which a developer solution that contains an organic solvent 
is employed. Of these, when used in the negative-pattern 
formation in which a developer solution that contains an 
organic solvent is employed, the radiation-sensitive resin 
composition can attain a higher resolution. 
Resist Pattern-Forming Method 
A resist pattern-forming method according to another 

embodiment of the present invention includes: 
providing a resist film by using the radiation-sensitive 

resin composition according to the embodiment of the 
present invention (hereinafter, may be also referred to as 
“resist film-providing step'); 

exposing the resist film (hereinafter, may be also referred 
to as "exposure step'); and 

developing the exposed resist film (hereinafter, may be 
also referred to as “development step'). 
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According to the resist pattern-forming method, since the 

radiation-sensitive resin composition described above is 
used, a resist pattern exhibiting a small LWR, a high 
resolution, and Superior rectangularity of the cross-sectional 
shape can be formed while a great depth of focus EL is 
exhibited. Hereinafter, each step will be explained. 
Resist Film-Providing Step 

In this step, a resist film is provided using the radiation 
sensitive resin composition. The substrate on which the 
resist film is provided may be exemplified by a convention 
ally well-known Substrate Such as a silicon wafer and a 
wafer coated with silicon dioxide or aluminum, and the like. 
In addition, an organic or inorganic antireflective film dis 
closed in, for example, Japanese Examined Patent Applica 
tion, Publication No. H6-12452, Japanese Unexamined Pat 
ent Application, Publication No. S59-93448, or the like may 
be provided on the substrate. An application method is 
exemplified by spin coat (spin-coating), cast coating, roll 
coating, and the like. After the application, prebaking (PB) 
may be executed as needed for allowing a solvent in the 
coating film to be evaporated. The temperature for PB is 
typically 60° C. to 140°C., and preferably 80° C. to 120° C. 
The time period for PB is typically 5 sec to 600 sec, and 
preferably 10 sec to 300 sec. The film thickness of the resist 
film provided is preferably 10 nm to 1,000 nm, and more 
preferably 10 nm to 500 nm. 

In order to prevent influences of basic impurities etc., 
included in the environment atmosphere, a protective film 
may be provided on the resist film, as disclosed in, for 
example, Japanese Unexamined Patent Application, Publi 
cation No. H5-188598, or the like. Furthermore, in order to 
prevent an outflow of the acid generator or the like from the 
resist film, a protective film for liquid immersion may be 
provided on the resist film, as disclosed in, for example, 
Japanese Unexamined Patent Application, Publication No. 
2005-352384, or the like. It is to be noted that these 
techniques may be used in combination. 
Exposure Step 

In this step, the resist film provided in the resist film 
providing step is exposed by irradiating the resist film with 
exposure light through a photomask (through a liquid 
immersion medium Such as water, as needed). Examples of 
the exposure light include: electromagnetic waves Such as 
visible light rays, ultraviolet rays, far ultraviolet rays, 
extreme ultraviolet rays (13.5 nm, EUV), X-rays and Y-rays: 
charged particle rays Such as electronbeams and C-rays; and 
the like, in accordance with the line width of the intended 
pattern. Of these, far ultraviolet rays, EUV, and electron 
beams are preferred, an Arf excimer laser beam (wave 
length: 193 nm), a KrF excimer laser beam (wavelength: 248 
nm), EUV, and electron beams are more preferred, and an 
ArF excimer laser beam and EUV, electron beams are still 
more preferred. 

In a case where the exposure is executed through a liquid 
immersion liquid, examples of the liquid immersion liquid 
for use in the exposure include water, fluorine-containing 
inert liquids, and the like. It is preferred that the liquid 
immersion liquid is transparent to an exposure wavelength, 
and has a temperature coefficient of the refractive index as 
Small as possible so that distortion of an optical image 
projected onto the film is minimized. In particular, when an 
ArF excimer laser beam (wavelength: 193 nm) is used as an 
exposure light source, it is preferred to use water in light of 
availability and ease of handling thereof in addition to the 
aforementioned considerations. When water is used, a slight 
amount of an additive which reduces the surface tension of 
water and imparts enhanced Surfactant power may be added. 
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It is preferred that the additive hardly dissolves a resist film 
on a wafer and has a negligible influence on an optical 
coating of an inferior face of a lens. The water for use is 
preferably distilled water. 

It is preferred that post exposure baking (PEB) is carried 
out after the exposure to promote dissociation of the acid 
labile group included in the polymer (A), etc. mediated by 
the acid generated from the acid generator (B) upon the 
exposure at exposed sites of the resist film. This PEB 
produces a difference in the solubility of the resist film in a 
developer solution between the light-exposed sites and light 
unexposed sites. The temperature for PEB is typically 50° C. 
to 180° C., and preferably 80° C. to 130°C. The time period 
for PEB is typically 5 sec to 600 sec, and preferably 10 sec 
to 300 Sec. 
Development Step 

In this step, the resist film exposed in the exposure step is 
developed using a developer solution. This permits a pre 
determined resist pattern to be formed. Examples of the 
developer solution include alkaline developer solutions, 
developer solutions that contain an organic solvent, and the 
like. The developer solution may be selected in accordance 
with a pattern configuration to be formed. A positive resist 
pattern can be formed by projecting a mask pattern on the 
resist film upon an exposure, developing with an aqueous 
alkaline Solution, a region irradiated with a greater irradia 
tion light intensity, and thereby dissolving and removing a 
light-exposed site corresponding to a given threshold value 
or greater. On the other hand, a negative resist pattern can be 
formed by projecting a mask pattern on the resist film upon 
an exposure, developing a region irradiated with a lower 
irradiation light intensity with a liquid that contains an 
organic Solvent, and thereby dissolving and removing a 
light-exposed site corresponding to a given threshold value 
or lower. The development may be carried out by using these 
developer Solutions in combination in accordance with a 
desired resolution and/or pattern configuration. 

Examples of the alkaline developer solution include aque 
ous alkaline Solutions prepared by dissolving at least one 
alkaline compound Such as sodium hydroxide, potassium 
hydroxide, Sodium carbonate, Sodium silicate, sodium meta 
silicate, aqueous ammonia, ethylamine, n-propylamine, 
diethylamine, di-n-propylamine, triethylamine, methyldi 
ethylamine, ethyldimethylamine, triethanolamine, tetram 
ethylammonium hydroxide (TMAH), pyrrole, piperidine, 
choline, 1,8-diazabicyclo-5.4.0-7-undecene and 1,5-diaz 
abicyclo-4.30-5-nonene, and the like. 

Examples of the organic solvent which may be contained 
in the organic solvent-containing developer Solution 
described above include one, or two or more types of the 
Solvents exemplified in connection with the organic solvent 
(C) of the aforementioned radiation-sensitive resin compo 
sition, and the like. Of these, the ether solvent, the ester 
solvent and the ketone solvent are preferred. The ether 
Solvent is preferably an aromatic group-containing ether 
Solvent, and more preferably anisole. 
The ester solvent is preferably an acetic acid ester solvent, 

and more preferably n-butyl acetate. The ketone solvent is 
preferably a chain ketone solvent, and more preferably 
2-heptanone. 
The content of the organic solvent in the developer 

solution is preferably no less than 80% by mass, more 
preferably no less than 90% by mass, still more preferably 
no less than 95% by mass, and particularly preferably no less 
than 99% by mass. When the content of the organic solvent 
in the developer solution falls within the above range, a 
contrast between the light-exposed site and the light-unex 
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posed site can be improved, and consequently a resist pattern 
exhibiting a smaller LWR and CDU can be formed while a 
greater EL is exhibited. It is to be noted that a component 
other than the organic solvent is exemplified by water, 
silicon oil, and the like. 
A surfactant may be added to the developer solution in an 

appropriate amount as needed. As the Surfactant, for 
example, an ionic or nonionic fluorochemical Surfactant 
and/or silicon Surfactant, and the like may be used. 

Examples of the development method include: a dipping 
method in which the substrate is immersed for a given time 
period in the developer Solution charged in a container; a 
puddle method in which the developer solution is placed to 
form a dome-shaped bead by way of the Surface tension on 
the surface of the substrate for a given time period to 
conduct a development; a spraying method in which the 
developer solution is sprayed onto the surface of the sub 
strate; a dynamic dispensing method in which the developer 
Solution is continuously applied onto the Substrate that is 
rotated at a constant speed while scanning with a developer 
Solution-application nozzle at a constant speed; and the like. 

After the development, rinsing is preferably conducted 
using a rinse agent such as water and alcohol, followed by 
drying. The method for the rinsing is exemplified by: a 
spin-coating method in which the rinse agent is continuously 
applied onto the Substrate that is rotated at a constant speed; 
a dipping method in which the Substrate is immersed for a 
given time period in the rinse agent charged in a container; 
a spraying method in which the rinse agent is sprayed onto 
the surface of the substrate; and the like. 

EXAMPLES 

Hereinafter, the present invention is explained in detail by 
way of Examples, but the present invention is not in any way 
limited to these Examples. Measuring methods for various 
types of physical properties are shown below. 
Weight Average Molecular Weight (Mw), Number Average 
Molecular Weight (Mn) and Dispersity Index (Mw/Mn) 
The Mw and the Mn of the polymer were determined by 

gel permeation chromatography (GPC) using GPC columns 
(G2000 HXLx2, G3000 HXLx1, and G4000 HXLX1; manu 
factured by Tosoh Corporation), a differential refractometer 
as a detector, and mono-dispersed polystyrene as a standard 
under analytical conditions involving a flow rate of 1.0 
mL/min, an elution solvent of tetrahydrofuran, a sample 
concentration of 1.0% by mass, an amount of injected 
sample of 100 uL, and a column temperature of 40° C. 
Moreover, the dispersity index (Mw/Mn) was calculated 
based on the results of the determination of the Mw and the 
Mn. 
Content of Low-Molecular Weight Matter 
The content (% by mass) of the low-molecular weight 

matter (i.e., matter having a molecular weight of no greater 
than 1,000) in the polymer (A) was determined by high 
performance liquid chromatography (HPLC) using an 
HPLC column (Intersil ODS-25 um, 4.6 mmcpx250 mm) 
manufactured by GL Sciences, Inc., under the following 
conditions: 

elution solvent: acrylonitrile/0.1% by mass aqueous phos 
phoric acid solution; 

flow rate: 1.0 mL/min: 
sample concentration: 1.0% by mass; 
amount of injected Sample: 100 LL; and 
detector: differential refractometer. 
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'C-NMR Analysis 
'C-NMR analysis for determining the proportion (mol 

%) of each structural unit contained in the polymer was 
carried out using a nuclear magnetic resonance apparatus 
(JNM-ECX400, manufactured by JEOL, Ltd.) and deutero 
chloroform as a solvent for measurement. 

Synthesis of Compound 

Synthesis Example 1: Synthesis of Compound 
(M-1) 

A compound represented by the following formula (M-1) 
was synthesized in accordance with the following reaction 
scheme. 

Into a 500 mL eggplant-shaped flask were charged 9.21 g 
(55.5 mmol) of 3-bromopyruvic acid, 10.6 g (55.5 mmol) of 
1-ethyl-3-3-(dimethylamino)propylcarbodiimide hydro 
chloride (EDCI), 6.78 g (55.5 mmol) of dimethylaminopyri 
dine (DMAP) and 150 mL of dichloromethane as a solvent, 
and then the mixture was stirred. To this, 50 mL of a solution 
of 5.67 g (55.5 mmol) of 3-hydroxy-y-butyrolactone in 
dichloromethane was slowly added dropwise at room tem 
perature. After stirring at room temperature for 48 hrs, the 
reaction was stopped using dilute hydrochloric acid, and 
then the dichloromethane phase was collected. After con 
centration, purification by column chromatography was con 
ducted to obtain 9.89 g (yield: 71%) of a 3-bromopyruvic 
acid ester product. 

Subsequently, 30.0 g of tetrahydrofuran and 20.0 g of 
water were added as a solvent to 5.0 g (19.9 mmol) of the 
3-bromopyruvic acid ester product obtained above and 4.30 
g (39.8 mmol) of sodium methacrylate, and the mixture was 
stirred at 60° C. for 20 hrs. After washed by liquid separa 
tion, the mixture was concentrated and purified by column 
chromatography to obtain 3.47 g (yield: 68%) of a com 
pound (M-1). 

O OH OH DMAP 

-- -e- 

Br O 
O O 

Br O O 

D O O O ONa O O 

O O 

(M-1) 

Synthesis Examples 2 to 39: Synthesis of 
Compounds (M-2) to (M-39) 

Compounds represented by the following formulae (M-2) 
to (M-39) were synthesized by appropriately selecting a 
precursor and conducting an operation similar to that of 
Example 1. 
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Synthesis of Polymer 

(M-39) 

Monomers which were used in the synthesis of polymers 
and are other than the aforementioned monomers are shown 

(M-37) 25 below. 
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Synthesis of Polymer (A), (1) 

Example 1: Synthesis of Polymer (A-1) 

A monomer Solution was prepared by dissolving 10.08 g 
(40 mol %) of the compound (M-1) and 9.92 g (60 mol%) 
of the compound (M-49) in 40 g of 2-butanone, and further 
adding thereto 0.81 g (5 mol % with respect to the total 
number of moles of the compounds) of AIBN as a radical 
polymerization initiator. Next, a 100 mL three-neck flask 
containing 20 g of 2-butanone was purged with a nitrogen 
gas for 30 min, then heated to 80°C. with stirring, and the 
monomer Solution prepared above was added dropwise over 
3 hrs using a dropping funnel. The time of the start of the 
dropwise addition was regarded as the time of the start of the 
polymerization reaction, and the polymerization reaction 
was allowed to proceed for 6 hrs. After the completion of the 
polymerization reaction, the polymerization reaction solu 
tion was water-cooled to 30° C. or below. The cooled 
polymerization reaction solution was poured into 400 g of 
methanol, and a precipitated white powder was filtered off. 
The collected white powder washed twice with 80 g of 
methanol, followed by filtration, and dried at 50° C. for 17 
hrs to obtain a polymer (A-1) as a white powder (14.8 g; 
yield: 74%). The polymer (A-1) had an Mw of 7.300, and an 
Mw/Mn of 1.53, and the content of the low-molecular 
weight matter was 0.04% by mass. The result of 'C-NMR 
analysis indicated that the proportions of the structural unit 
derived from (M-1) and the structural unit derived from 
(M-49) were 39.7 mol % and 60.3 mol %, respectively. 
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Examples 2 to 9, 10 and 16 to 18, and Synthesis 
Examples 40 to 99 and 105 to 107: Synthesis of 
Polymers (A-2) to (A-37) and (A-43) to (A-45), 
and Polymers (a-1) to (a-33) and (a-39) to (a-41) 

104 
tion was added dropwise to 1,000 g of n-hexane to permit 
solidification purification of a polymer. Next, to the polymer 
was added 150 g of propylene glycol monomethyl ether 
again, and then 150 g of methanol, 34 g of triethylamine and 
6 g of water were further added. The mixture was subjected 5 
to a hydrolvsis reaction for 8 hrs while refluxing at a boilin 

Polymers (A-2) to (A-37) and (A-43) to (A-45), and (a-1) E the completion of the reaction, E. solvent E. 
to (a-33) and (a-39) to (a-41) were each synthesized by a triethylamine were distilled offin vacuo, the obtained poly 
similar operation to Example 1 except that the type and the mer was dissolved in 150 g of acetone, which was then 
amount of the monomers used were as shown in Tables 1 and to added dropwise to 2,000 g of water to permit solidification, 
2. Values of the yield (%), the Mw, the Mw/Mn and the and the generated white powder was filtered off and was 
content of the low-molecular weight matter (% by mass) of dried at 50° C. for 17 hrs to obtain a polymer (A-38) as a 
each polymer obtained are shown together in Tables 1 and white powder (50.6 g; yield: 65%). The polymer (A-38) had 
2 below. an Mw of 6,500, and an Mw/Mn of 1.62. The result of 

is "C-NMR analysis indicated that the proportions of the 
Synthesis of Polymer (A), (2) structural unit derived from (M-30) and the structural unit 

derived from p-hydroxystyrene were 49.7 mol % and 50.3 
Example 11: Synthesis of Polymer (A-38) mol %, respectively. 

After 55.0 g (50 mol%) of the compound (M-30) and 31.0 2O Examples 12 to 15 and Synthesis Examples 100 to 
g (50 mol %) of the compound (M-75), 4 g of AIBN as a 104: Synthesis of Polymers (A-39) to (A-42) and 
radical initiator, and 1 g of t-dodecyl mercaptain were Polymers (a-34) to (a-38) 
dissolved in 100 g of propylene glycol monomethyl ether, 
the mixture was subjected to copolymerization for 6 hrs Polymers (A-39) to (A-42) and polymers (a-34) to (a-38) 
under a nitrogen atmosphere, while the reaction temperature as were synthesized by a similar operation to Example 11 
was maintained at 70° C. After the completion of the except that the monomers shown in Tables 1-1 1-2, 2-1, and 
polymerization reaction, the polymerization reaction Solu- 2-1 were used. 

TABLE 1-1 

Monomer that gives 
structural unit (I 

proportion of 

Monomer that gives 
structural units (II) to (V 

proportion of Content of low 
(A) amount structural amount structural Yield molecular weight 
Polymer type (mol%) unit (mol%) type (mol%) unit (mol%) (%) Mw Mw/Mn matter (% by mass) 

Example 1 A-1 M-1 40 39.7 M-49 60 60.3 74 7,300 53 O.04 
Example 2 A-2 M-2 40 39.9 M-49 60 60.1 72 7,000 53 O.OS 
Example 3 A-3 M-3 40 40.1 M-49 60 59.9 74 7,100 52 O.04 
Example 4 A-4 M-4 40 39.7 M-49 60 60.3 71 7,100 53 O.OS 
Example 5 A-5 M-5 40 39.8 M-49 60 60.2 70 7,000 52 O.04 
Example 6 A-6 M-6 40 39.9 M-49 60 60.1 72 7,200 54 O.OS 
Example 7 A-7 M-7 40 40.2 M-49 60 59.8 71 7,200 54 O.O7 
Example 8 A-8 M-8 40 40.3 M-49 60 59.7 79 7,100 53 O.04 
Example 9 A-9 M-9 40 39.9 M-49 60 60.1 74 7,100 53 O.04 
Synthesis Example 40 A-10 M-10 60 60.1 M-42 40 39.9 76 7,100 52 O.04 
Synthesis Example 41 A-11 M-11 60 59.9 M-42 40 40.1 71 7,100 53 O.OS 
Synthesis Example 42 A-12 M-12 60 60.4 M-42 40 39.6 73 7,000 54 O.04 
Synthesis Example 43 A-13 M-13 60 60.3 M-42 40 39.7 72 7,000 53 O.OS 
Synthesis Example 44 A-14 M-14 60 59.8 M-42 40 40.2 73 7,100 S1 O.04 
Synthesis Example 45 A-15 M-15 60 59.6 M-42 40 40.4 70 7,200 S1 O.04 
Synthesis Example 46 A-16 M-16 60 60.2 M-42 40 39.8 74 7,100 52 O.04 
Synthesis Example 47 A-17 M-17 60 60.1 M-42 40 39.9 77 7,000 53 O.OS 
Synthesis Example 48 A-18 M-18 60 59.9 M-42 40 40.1 74 7,100 54 O.04 
Synthesis Example 49 A-19 M-19 60 59.7 M-42 40 40.3 75 7,200 S8 O.OS 
Synthesis Example 50 A-20 M-2O 60 60.2 M-42 40 39.8 70 7,200 55 O.04 
Synthesis Example 51 A-21 M-21 60 60.2 M-42 40 39.8 70 7,200 52 O.04 
Synthesis Example 52 A-22 M-22 60 59.7 M-42 40 40.3 71 7,000 52 O.OS 
Synthesis Example 53 A-23 M-23 60 59.8 M-42 40 40.2 75 7,000 52 O.OS 
Synthesis Example 54 A-24 M-24 60 60.3 M-42 40 39.7 77 7,500 55 O.OS 
Synthesis Example 55 A-25 M-2S 60 60.1 M-42 40 39.9 74 7,100 54 O.04 

TABLE 1-2 

Monomer that gives Monomer that gives 
structural unit (I structural units (II) to (V 

proportion of proportion of Content of low 
(A) amount structural amount structural Yield molecular weight 
Polymer type (mol%) unit (mol%) type (mol%) unit (mol%) (%) Mw Mw/Mn matter (% by mass) 

Synthesis Example 56 A-26 M-26 60 59.8 M-42 40 40.2 76 7,100 1.53 O.04 
Synthesis Example 57 A-27 M-27 60 59.7 M-42 40 40.3 71 7,000 1.51 O.04 
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TABLE 1-2-continued 

Monomer that gives Monomer that gives 
structural unit (I structural units (II) to (V 

proportion of proportion of Content of low 
(A) amount structural amount structural Yield molecular weight 
Polymer type (mol%) unit (mol%) type (mol%) unit (mol%) (%) Mw Mw/Mn matter (% by mass) 

Synthesis Example 58 A-28 M-28 60 60.1 M-42 40 39.9 73 7,000 S1 O.OS 
Synthesis Example 59 A-29 M-29 60 60.1 M-42 40 39.9 72 7,100 52 O.04 
Synthesis Example 60 A-30 M-35 60 S3.6 M-42 40 46.4 71 7,200 61 O.04 
Synthesis Example 61 A-31 M-36 60 52.4 M-42 40 47.6 68 7,300 S8 O.O3 
Synthesis Example 62 A-32 M-37 60 51.3 M-42 40 48.7 68 7,200 62 O.04 
Synthesis Example 63 A-33 M-38 60 52.4 M-42 40 47.6 70 7,200 61 O.O3 
Synthesis Example 64 A-34 M-39 60 48.5 M-42 40 51.5 71 7,200 52 O.04 
Synthesis Example 65 A-35 M-19 50 49.8 M-43 40 40.1 74 7,200 53 O.04 

M-47 10 10.1 
Synthesis Example 66 A-36 M-22 55 55.2 M-42 35 35.2 69 7,100 52 O.04 

M-57 10 9.6 
Example 10 A-37 M-1 55 54.7 M-49 45 45.3 74 7,200 53 O.04 
Example 11 A-38 M-30 50 49.7 M-75 50 S.O.3 65 6,500 62 O.OS 
Example 12 A-39 M-31 40 39.2 M-75 60 60.8 62 6,600 68 O.OS 
Example 13 A-40 M-32 40 39.7 M-75 60 60.3 60 6,200 59 O.O6 
Example 14 A-41 M-33 40 40.1 M-75 60 59.9 66 6,500 63 O.OS 
Example 15 A-42 M-34 50 49.1 M-75 50 SO.9 61 6,500 .67 O.O6 
Example 16 A-43 M-31 50 48.7 M-76 50 51.3 69 7,000 54 O.04 
Example 17 A-44. M-32 50 49.2 M-76 50 SO.8 71 7,100 53 O.04 
Example 18 A-45 M-33 50 49.O M-76 50 51.0 68 7,000 S1 O.04 

TABLE 2-1 

Monomer that gives 
Monomer that gives structural units (III) to (V) 
structural unit (II and other structural unit 

proportion of proportion of Content of low 
(A) amount structural amount structural Yield molecular weight 
Component type (mol%) unit (mol%) type (mol%) unit (mol%) (%) Mw Mw/Mn matter (% by mass) 

Synthesis Example 67 a-1 M-49 60 59.9 M-40 40 40.1 70 7,200 53 O.OS 
Synthesis Example 68 a-2 M-49 60 59.6 M-41 40 40.4 72 7,100 54 O.04 
Synthesis Example 69 a-3 M-49 60 6O2 M-42 40 39.8 70 7,000 S8 O.04 
Synthesis Example 70 a-4 M-49 60 60.1 M-43 40 39.9 79 7,100 55 O.04 
Synthesis Example 71 a-5 M-49 60 59.9 M-44 40 40.1 74 7,000 53 O.OS 
Synthesis Example 72 a-6 M-49 60 59.7 M-45 40 40.3 76 7,100 S1 O.04 
Synthesis Example 73 a-7 M-49 60 6O2 M-46 40 39.8 71 7,200 S1 O.04 
Synthesis Example 74 a-8 M-49 60 6O2 M-47 40 39.8 73 7,200 52 O.04 
Synthesis Example 75 a-9 M-49 60 59.7 M-48 40 40.3 74 7,200 53 O.OS 
Synthesis Example 76 a-10 M-SO 60 59.8 M-42 40 40.2 76 7,000 54 O.04 
Synthesis Example 77 a-11 M-51 60 60.3 M-42 40 39.7 71 7,000 S8 O.04 
Synthesis Example 78 a-12 M-52 60 60.1 M-42 40 39.9 73 7,500 55 O.04 
Synthesis Example 79 a-13 M-53 60 59.8 M-42 40 40.2 72 7,100 52 O.04 
Synthesis Example 80 a-14 M-54 60 60.3 M-42 40 39.7 73 7,100 52 O.OS 
Synthesis Example 81 a-15 M-SS 60 60.1 M-42 40 39.9 74 7,000 54 O.04 
Synthesis Example 82 a-16 M-56 60 59.8 M-42 40 40.2 75 7,000 53 O.OS 
Synthesis Example 83 a-17 M-57 60 59.7 M-42 40 40.3 70 7,000 S1 O.04 
Synthesis Example 84 a-18 M-58 60 60.1 M-42 40 39.9 70 7,200 S1 O.04 
Synthesis Example 85 a-19 M-59 60 60.1 M-42 40 39.9 71 7,200 52 O.OS 
Synthesis Example 86 a-20 M-60 60 59.9 M-42 40 40.1 75 7,100 53 O.OS 
Synthesis Example 87 a-21 M-61 60 59.6 M-42 40 40.4 74 7,100 54 O.OS 
Synthesis Example 88 a-22 M-62 60 6O2 M-42 40 39.8 76 7,100 S8 O.04 
Synthesis Example 89 a-23 M-63 60 60.1 M-42 40 39.9 71 7,100 55 O.04 
Synthesis Example 90 a-24 M-64 60 59.8 M-42 40 40.2 73 7,000 53 O.04 

TABLE 2-2 

Monomer that gives 
Monomer that gives structural units (III) to (V) 
structural unit (II and other structural unit 

proportion of proportion of Content of low 
(A) amount structural amount structural Yield molecular weight 
Component type (mol%) unit (mol%) type (mol%) unit (mol%) (%) Mw Mw/Mn matter (% by mass) 

Synthesis Example 91 a-25 M-65 60 59.6 M-42 40 40.4 74 7,000 1.51 O.OS 
Synthesis Example 92 a-26 M-66 60 6O2 M-42 40 39.8 72 7,100 1.51 O.04 
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TABLE 2-2-continued 

107 

Monomer that gives 
structural unit (II 

proportion of 
(A) amount structural 
Component type (mol%) unit (mol%) 

Synthesis Example 93 a-27 M-67 60 60.1 
Synthesis Example 94 a-28 M-68 60 59.9 
Synthesis Example 95 a-29 M-70 60 59.8 
Synthesis Example 96 a-30 M-71 60 59.6 
Synthesis Example 97 a-31 M-72 60 6O2 
Synthesis Example 98 a-32 M-73 60 60.1 
Synthesis Example 99 a-33 M-74 60 59.9 
Synthesis Example 100 a-34 M-70 50 49.1 
Synthesis Example 101 a-35 M-71 40 39.4 
Synthesis Example 102 a-36 M-72 40 39.1 
Synthesis Example 103 a-37 M-73 40 39.8 
Synthesis Example 104 a-38 M-74 50 49.2 
Synthesis Example 105 a-39 M-71 50 49.1 
Synthesis Example 106 a-40 M-72 50 49.5 
Synthesis Example 107 a-41 M-73 50 49.2 

Synthesis of Polymer (F) 

Synthesis Example 108: Synthesis of Polymer (F-1) 

A monomer Solution was prepared by dissolving 79.9 g, 
(70 mol%) of the compound (M-56) and 20.91 g (30 mol%) 
of the compound (M-75) in 100 g of 2-butanone, and further 
dissolving therein 4.77 g of dimethyl 2,2'-azobisisobutyrate 
as a radical polymerization initiator. Next, a 1,000 mL 
three-neck flask containing 100 g of 2-butanone was purged 
with a nitrogen gas for 30 min, then heated to 80° C. with 
stirring, and the monomer Solution prepared above was 
added dropwise over 3 hrs using a dropping funnel. The time 
of the start of the dropwise addition was regarded as the time 
of the start of the polymerization reaction, and the polym 
erization reaction was allowed to proceed for 6 hrs. After the 
completion of the polymerization reaction, the polymeriza 
tion reaction solution was water-cooled to 30° C. or below. 
This polymerization reaction solution was transferred to a 2 
L separatory funnel, and homogeneously diluted with 150 g 
of n-hexane. After the addition of 600 g of methanol, the 
components were mixed. Then, after the addition of 30 g of 
distilled water, the mixture was further stirred, and then 
allowed to stand for 30 min. Thereafter, the lower layer was 
collected to obtain a propylene glycol monomethyl ether 
acetate solution containing a polymer (F-1) (yield: 60%). 
The polymer (F-1) had an Mw of 7,200, and an Mw/Mn of 
2.00. The result of 'C-NMR analysis indicated that the 
proportions of the structural unit derived from (M-56) and 
the structural unit derived from (M-75) were 71.1 mol % and 
28.9 mol %, respectively. 
Preparation of Radiation-Sensitive Resin Compositions 
The acid generating agent (B), the organic solvent (C), the 

acid diffusion control agent (D) and the uneven distribution 
accelerator (G) which were used in the preparation of the 
radiation-sensitive resin compositions are shown below. 
(B) Acid Generating Agent 

B-1: triphenylsulfonium 2-(adamantan-1-ylcarbonyloxy)- 
1.1.3.3.3-pentafluoropropane-1-sulfonate (a compound rep 
resented by the following formula (B-1)) 

B-2: triphenylsulfonium norbornanesulton-2-yloxycarbo 
nyl difluoromethanesulfonate (a compound represented by 
the following formula (B-2)) 

Monomer that gives 
structural units (III) to (V) 
and other structural unit 

type 

M-42 
M-42 
M-42 
M-42 
M-42 
M-42 
M-42 
M-75 
M-75 
M-75 
M-75 
M-75 
M-76 
M-76 
M-76 

25 

30 

35 

40 

45 

50 

55 

60 

65 

proportion of Content of low 
amount structural Yield molecular weight 
(mol%) unit (mol%) (%) Mw Mw/Mn matter (% by mass) 

40 39.9 74 7,100 1.53 O.OS 
40 40.1 71 7,000 1.51 O.04 
40 40.2 73 7,000 1.53 O.04 
40 40.4 74 7,000 1.51 O.OS 
40 39.8 72 7,100 1.51 O.04 
40 39.9 74 7,100 1.53 O.OS 
40 40.1 71 7,000 1.51 O.04 
50 SO.9 71 7,200 1.58 O.04 
60 60.6 68 7,200 1.55 O.04 
60 60.9 68 7,000 1.52 O.04 
60 6O2 70 7,100 1.52 O.OS 
50 SO.8 71 7,200 1.52 O.04 
50 SO.9 68 7,200 1.55 O.04 
50 50.5 68 7,100 1.54 O.OS 
50 SO.8 69 7,200 1.53 O.04 

B-3: triphenylsulfonium 3-(N-piperidinesulfonyl)-1,1,2, 
2.3.3-hexafluoropropane-1-sulfonate (a compound repre 
sented by the following formula (B-3)) 

(B-1) 

O site 
CF 

S. 

(B-2) 

F. 
O C 

so 
O 

S. S- O 

ca V O O O 

(B-3) 

SO 
M 

FC-CF S. 

--ct, 
O 

(C) Organic Solvent 
C-1: propylene glycol monomethyl ether acetate 
C-2: cyclohexanone 

(D) Acid Diffusion Control Agent 
D-1: triphenylsulfonium salicylate (a compound repre 

sented by the following formula (D-1)) 
D-2: triphenylsulfonium 10-camphorsulfonate (a com 

pound represented by the following formula (D-2)) 
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D-3: N-(undecan-1-ylcarbonyloxyethyl)morpholine (a 
compound represented by the following formula (D-3)) 

D-4: 2.6-isopropylaniline (a compound represented by the 
following formula (D-4)) 

D-5: tri-n-pentylamine (a compound represented by the 5 
following formula (D-5)) 

O 

SO 

Cro 
C 

Or 

Radiation- A) Polymer 

Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 

e 19 
e 20 
e 21 
e 22 
e 23 
e 24 
e 25 
e 26 
e 27 
e 28 
e 29 
e3O 
e 31 
e 32 
e 33 
e 34 
e 35 
e 36 
e 37 
e 38 

sensitive 
resin 
composition type 

-1 A-1 
-2 A-2 
-3 A-3 
-4 A-4 
-S A-5 
-6 A-6 
-7 A-7 
-8 A-8 
-9 A-9 
-10 A-10 
-11 A-11 
-12 A-12 
-13 A-13 
-14 A-14 
-15 A-15 
-16 A-16 
-17 A-17 
-18 A-18 
-19 A-19 
-20 A-20 

amount 
(parts 

by mass) 

OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 
OO 

-continued 
(D-5) 

(D-1) Nu-1N1a 
10 

15 

(G) Uneven Distribution Accelerator 
(D-2) G-1: Y-butyrolactone 

2O 
Example 19 

A radiation-sensitive resin composition (J-1) was pre 
pared by mixing 100 parts by mass of (A-1) as the polymer 

s so S bV mass of (B-1) as the acid generating agen ° (A), 8.5 parts by f(B-1 th dig t1ng agent 
s as aS WaSS O-I a S WaSS O B), 2.240 parts by f(C-1) and 960 parts by f 

(D-3) (C-2) as the organic solvent (C), 2.3 parts by mass of (D-1) 
as the acid diffusion control agent (D), 3 parts by mass of 

30 (F-1) as the polymer (F), and 30 parts by mass of (G-1) as 
the uneven distribution accelerator (G). 

Examples 20 to 63 and Comparative 
(D-4) Examples 1 to 41 

35 

Radiation-sensitive resin compositions (J-2) to (J-45) and 
(CJ-1) to (CJ-41) were prepared by a similar operation to 
Example 19 except that the type and the amount of each 
component used were as specified in Tables 3-1, 3-2, 4-1, 
4-2, and 4-3 below. 

TABLE 3-1 

(D) Acid (G) Uneven 
(B) Acid (C) Organic diffusion distribution 

generating agent solvent control agent F) Polymer accelerator 

amount amount amount amount amount 
(parts (parts (parts (parts (parts 

type by mass) type by mass) type by mass) type by mass) type by mass) 

B-1 8.5 C-1/C-2 2,240,960 D-1 2.3 F- 3 G- 30 
B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 F- 3 G- 30 
B-3 8.5 C-1/C-2 2,240,960 D-1 2.3 F- 3 G- 30 
B-1 8.5 C-1/C-2 2,240,960 D-1 2.3 F- 3 G- 30 
B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 F- 3 G- 30 
B-3 8.5 C-1/C-2 2,240,960 D-1 2.3 F- 3 G- 30 
B-1 8.5 C-1/C-2 2,240,960 D-2 2.3 F- 3 G- 30 
B-2 8.5 C-1/C-2 2,240,960 D-2 2.3 F- 3 G- 30 
B-3 8.5 C-1/C-2 2,240,960 D-2 2.3 F- 3 G- 30 
B-3 8.5 C-1/C-2 2,240,960 D-1 2.3 F- 3 G- 30 
B-2 8.5 C-1/C-2 2,240,960 D-2 2.3 F- 3 G- 30 
B-3 8.5 C-1/C-2 2,240,960 D-2 2.3 F- 3 G- 30 
B-1 8.5 C-1/C-2 2,240,960 D-3 2.3 F- 3 G- 30 
B-2 8.5 C-1/C-2 2,240,960 D-3 2.3 F- 3 G- 30 
B-3 8.5 C-1/C-2 2,240,960 D-3 2.3 F- 3 G- 30 
B-1 8.5 C-1/C-2 2,240,960 D-3 2.3 F- 3 G- 30 
B-2 8.5 C-1/C-2 2,240,960 D-3 2.3 F- 3 G- 30 
B-3 8.5 C-1/C-2 2,240,960 D-3 2.3 F- 3 G- 30 
B-1 8.5 C-1/C-2 2,240,960 D-4 2.3 F- 3 G- 30 
B-2 8.5 C-1/C-2 2,240,960 D-4 2.3 F- 3 G- 30 
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TABLE 3-1-continued 

(D) Acid (G) Uneven 
(B) Acid (C) Organic diffusion distribution 

Radiation- A) Polymer generating agent solvent control agent F) Polymer accelerator 

sensitive amount amount amount amount amount amount 
resin (parts (parts (parts (parts (parts (parts 
composition type by mass) type by mass) type by mass) type by mass) type by mass) type by mass) 

Example 39 J-21 A-21 1OO B-3 8.5 C-1/C-2 2,240,960 D-4 2.3 F-1 3 G-1 30 
Example 40 J-22 A-22 1OO B-1 8.5 C-1/C-2 2,240,960 D-4 2.3 F-1 3 G-1 30 

TABLE 3-2 

(D) Acid (G) Uneven 
(B) Acid (C) Organic diffusion distribution 

Radiation- A) Polymer generating agent solvent control agent F) Polymer accelerator 

sensitive amount amount amount amount amount amount 
resin (parts (parts (parts (parts (parts (parts 
composition type by mass) type by mass) type by mass) type by mass) type by mass) type by mass) 

Example 41 -23 A-23 OO B-2 8.5 C-1/C-2 2,240,960 D-4 2.3 F-1 3 G-1 30 
Example 42 -24 A-24 OO B-3 8.5 C-1/C-2 2,240,960 D-4 2.3 F-1 3 G-1 30 
Example 43 -2S A-25 OO B- 8.5 C-1/C-2 2,240,960 D-5 2.3 F-1 3 G-1 30 
Example 44 -26 A-26 OO B-2 8.5 C-1/C-2 2,240,960 D-5 2.3 F-1 3 G-1 30 
Example 45 -27 A-27 OO B-3 8.5 C-1/C-2 2,240,960 D-5 2.3 F-1 3 G-1 30 
Example 46 -28 A-28 OO B- 8.5 C-1/C-2 2,240,960 D-5 2.3 F-1 3 G-1 30 
Example 47 -29 A-29 OO B-2 8.5 C-1/C-2 2,240,960 D-5 2.3 F-1 3 G-1 30 
Example 48 -30 A-30 OO B- 8.5 C-1/C-2 2,240,960 D-2 2.3 
Example 49 -31 A-31 OO B-2 8.5 C-1/C-2 2,240,960 D-2 2.3 
Example 50 -32 A-32 OO B-2 8.5 C-1/C-2 2,240,960 D-2 2.3 
Example 51 -33 A-33 OO B- 8.5 C-1/C-2 2,240,960 D-2 2.3 
Example 52 -34 A-34 OO B- 8.5 C-1/C-2 2,240,960 D-2 2.3 
Example 53 -35 A-35 OO B- 8.5 C-1/C-2 2,240,960 D-3 2.3 F-1 3 G-1 30 
Example 54 -36 A-36 OO B- 8.5 C-1/C-2 2,240,960 D-4 2.3 F-1 3 G-1 30 
Example 55 -37 A-37 OO B- 8.5 C-1/C-2 2,240,960 D-1 2.3 F-1 3 G-1 30 
Example 56 -38 A-38 OO B- 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 57 -39 A-39 OO B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 58 -40 A-40 OO B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 59 -41 A-41 OO B- 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 60 -42 A-42 OO B- 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 61 -43 A-43 OO B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 62 -44 A-44. OO B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 63 -45 A-45 OO B- 8.5 C-1/C-2 2,240,960 D-1 2.3 

TABLE 4-1 

(D) Acid (G) Uneven 
(B) Acid (C) Organic diffusion distribution 

Radiation- A) Component generating agent solvent control agent F) Polymer accelerator 

sensitive amount amount amount amount amount amount 
resin (parts (parts (parts (parts (parts (parts 
composition type by mass) type by mass) type by mass) type by mass) type by mass) type by mass) 

Comparative CJ-1 a-1 OO B-1 8.5 C-1/C-2 2,240,960 D-1 2.3 R- 3 G- 30 
Example 1 
Comparative CJ-2 a-2 OO B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 R- 3 G- 30 
Example 2 
Comparative CJ-3 a-3 OO B-3 8.5 C-1/C-2 2,240,960 D-1 2.3 R- 3 G- 30 
Example 3 
Comparative CJ-4 a-4 OO B-1 8.5 C-1/C-2 2,240,960 D-1 2.3 R- 3 G- 30 
Example 4 
Comparative CJ-5 a-5 OO B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 R- 3 G- 30 
Example 5 
Comparative CJ-6 a-6 OO B-3 8.5 C-1/C-2 2,240,960 D-1 2.3 R- 3 G- 30 
Example 6 
Comparative CJ-7 a-7 OO B-1 8.5 C-1/C-2 2,240,960 D-2 2.3 R- 3 G- 30 
Example 7 
Comparative CJ-8 a-8 OO B-2 8.5 C-1/C-2 2,240,960 D-2 2.3 R- 3 G- 30 
Example 8 
Comparative CJ-9 a-9 OO B-3 8.5 C-1/C-2 2,240,960 D-2 2.3 R- 3 G- 30 
Example 9 
Comparative CJ-10 a-10 OO B-2 8.5 C-1/C-2 2,240,960 D-2 2.3 R- 3 G- 30 
Example 10 
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TABLE 4-1-continued 

(D) Acid (G) Uneven 
(B) Acid (C) Organic diffusion distribution 

Radiation- A) Component generating agent solvent control agent F) Polymer accelerator 

sensitive amount amount amount amount amount amount 

resin (parts (parts (parts (parts (parts (parts 
composition type by mass) type by mass) type by mass) type by mass) type by mass) type by mass) 

Comparative CJ-11 a-11 1OO B-3 8.5 C-1/C-2 2,240,960 D-2 2.3 F-1 3 G-1 30 
Example 11 
Comparative CJ-12 a-12 1OO B-1 8.5 C-1/C-2 2,240,960 D-2 2.3 F-1 3 G-1 30 
Example 12 
Comparative CJ-13 a-13 1OO B-2 8.5 C-1/C-2 2,240,960 D-3 2.3 F-1 3 G-1 30 
Example 13 

TABLE 4-2 

(D) Acid (G) Uneven 
(B) Acid (C) Organic diffusion distribution 

Radiation- A) Component generating agent solvent control agent F) Polymer accelerator 

sensitive amount amount amount amount amount amount 
resin (parts (parts (parts (parts (parts (parts 
composition type by mass) type by mass) type by mass) type by mass) type by mass) type by mass) 

Comparative CJ-14 a-14 OO B-3 8.5 C-1/C-2 2,240,960 D-3 2.3 R- 3 G- 30 
Example 14 
Comparative CJ-15 a-15 OO B-1 8.5 C-1/C-2 2,240,960 D-3 2.3 R- 3 G- 30 
Example 15 
Comparative CJ-16 a-16 OO B-2 8.5 C-1/C-2 2,240,960 D-3 2.3 R- 3 G- 30 
Example 16 
Comparative CJ-17 a-17 OO B-3 8.5 C-1/C-2 2,240,960 D-3 2.3 R- 3 G- 30 
Example 17 
Comparative CJ-18 a-18 OO B-1 8.5 C-1/C-2 2,240,960 D-3 2.3 R- 3 G- 30 
Example 18 
Comparative CJ-19 a-19 OO B-2 8.5 C-1/C-2 2,240,960 D-4 2.3 R- 3 G- 30 
Example 19 
Comparative CJ-20 a-20 OO B-3 8.5 C-1/C-2 2,240,960 D-4 2.3 R- 3 G- 30 
Example 20 
Comparative CJ-21 a-21 OO B-1 8.5 C-1/C-2 2,240,960 D-4 2.3 R- 3 G- 30 
Example 21 
Comparative CJ-22 a-22 OO B-2 8.5 C-1/C-2 2,240,960 D-4 2.3 R- 3 G- 30 
Example 22 
Comparative CJ-23 a-23 OO B-3 8.5 C-1/C-2 2,240,960 D-4 2.3 R- 3 G- 30 
Example 23 
Comparative CJ-24 a-24 OO B-1 8.5 C-1/C-2 2,240,960 D-4 2.3 R- 3 G- 30 
Example 24 
Comparative CJ-2S a-25 OO B-2 8.5 C-1/C-2 2,240,960 D-5 2.3 R- 3 G- 30 
Example 25 
Comparative CJ-26 a-26 OO B-3 8.5 C-1/C-2 2,240,960 D-5 2.3 R- 3 G- 30 
Example 26 
Comparative CJ-27 a-27 OO B-1 8.5 C-1/C-2 2,240,960 D-5 2.3 R- 3 G- 30 
Example 27 

TABLE 4-3 

(D) Acid (G) Uneven 
(B) Acid (C) Organic diffusion distribution 

Radiation- A) Component generating agent solvent control agent F) Polymer accelerator 

sensitive amount amount amount amount amount amount 
resin (parts (parts (parts (parts (parts (parts 
composition type by mass) type by mass) type by mass) type by mass) type by mass) type by mass) 

Comparative CJ-28 a-28 1OO B-2 8.5 C-1/C-2 2,240,960 D-5 2.3 F-1 3 G-1 30 
Example 28 
Comparative CJ-29 a-29 1OO B-1 8.5 C-1/C-2 2,240,960 D-2 2.3 
Example 29 
Comparative CJ-30 a-30 1OO B-2 8.5 C-1/C-2 2,240,960 D-2 2.3 
Example 30 
Comparative CJ-31 a-31 1OO B-2 8.5 C-1/C-2 2,240,960 D-2 2.3 
Example 31 
Comparative CJ-32 a-32 1OO B-1 8.5 C-1/C-2 2,240,960 D-2 2.3 
Example 32 
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TABLE 4-3-continued 

(D) Acid (G) Uneven 
(B) Acid (C) Organic diffusion distribution 

Radiation- A) Component generating agent solvent control agent F) Polymer accelerator 

sensitive amount amount amount amount amount amount 
resin (parts (parts (parts (parts (parts (parts 
composition type by mass) type by mass) type by mass) type by mass) type by mass) type by mass) 

Comparative CJ-33 a-33 OO B-1 8.5 C-1/C-2 2,240,960 D-2 2.3 
Example 33 
Comparative CJ-34 a-34 OO B-1 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 34 
Comparative CJ-35 a-35 OO B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 35 
Comparative CJ-36 a-36 OO B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 36 
Comparative CJ-37 a-37 OO B-1 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 37 
Comparative CJ-38 a-38 OO B-1 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 38 
Comparative CJ-39 a-39 OO B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 39 
Comparative CJ-40 a-40 OO B-2 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 40 
Comparative CJ-41 a-41 OO B-1 8.5 C-1/C-2 2,240,960 D-1 2.3 
Example 41 

25 

Formation of Resist Pattern (I) Evaluations 

Examples 19 to 47 and 53 to 55, and Comparative 
Examples 1 to 28 

Formation of Resist Pattern (1): Development with Alkali 
An underlayer antireflective film having a film thickness 

of 105 nm was provided on the surface of a 12-inch silicon 
wafer by applying a composition for underlayer antireflec 
tive film formation (ARC66, manufactured by Brewer Sci 
ence) on the Surface of the 12-inch silicon wafer using a spin 
coater (CLEAN TRACK ACT12, manufactured by Tokyo 
Electron Limited), and thereafter heating the same at 205°C. 
for 60 sec. Each radiation-sensitive resin composition pre 
pared above was applied on the underlayer antireflective 
film using the spin coater, and subjected to PB at 90° C. for 
60 sec. Thereafter, cooling was carried out at 23° C. for 30 
sec to provide a resist film having a film thickness of 90 nm. 
Next, the resist film was exposed using an Arf excimer laser 
Immersion Scanner (NSR-S610C, manufactured by 
NIKON) through a 40 nm line-and-space (1L1S) mask 
pattern, under optical conditions involving NA of 1.3 and 
dipole (Sigma: 0.977/0.782). After the exposure, PEB was 
carried out at 90° C. for 60 sec. Thereafter, a development 
with an alkali was carried out using a 2.38% by mass 
aqueous TMAH solution as an alkaline developer solution, 
followed by washing with water and drying to form a 
positive resist pattern. In this resist pattern formation, an 
exposure dose at which a 1:1 line-and-space with a line 
width of 40 nm was formed through a mask for 1:1 line 
and-space with a target dimension of 40 nm was defined as 
an “optimum exposure dose'. 
Formation of Resist Pattern (2): Development with Organic 
Solvent 
A negative resist pattern was formed by a similar opera 

tion to that of the above Formation of Resist Pattern (1) 
except that: n-butyl acetate was used in place of the aqueous 
TMAH solution to execute a development with an organic 
Solvent; and washing with water was not carried out. 

30 

35 

40 

45 

50 

55 

60 

65 

Measurements were made on the resist patterns thus 
formed in accordance with the following methods to evalu 
ate the radiation-sensitive resin composition in regard to an 
LWR performance, a resolution, rectangularity of the cross 
sectional shape, and a depth of focus. The results of the 
evaluations are shown in Tables 5-1 and 5-2. For a line 
width measurement of the resist pattern, a scanning electron 
microscope (S-9380, manufactured by Hitachi High-Tech 
nologies Corporation) was used. Comparative Examples 
which serve as an evaluation standard for each Example are 
shown together in Tables 5-1 and 5-2. 
LWR Performance 
The resist pattern was observed from above the pattern 

using the scanning electron microscope. The line width was 
measured at arbitrary points of 50 in total, then a 3 Sigma 
value was determined from the distribution of the measure 
ments, and the value was designated as “LWR performance 
(nm). The smaller value indicates a more favorable LWR 
performance. By comparing the “LWR performance' value 
with that for the Comparative Example which served as an 
evaluation standard, the LWR performance was evaluated to 
be: “A” in the case of an improvement by no less than 15% 
being found (i.e., the “LWR performance' value accounting 
for no greater than 85% of the value for the standard 
Comparative Example); “B” in the case of an improvement 
by no less than 10% and less than 15% being found (i.e., the 
“LWR performance' value accounting for greater than 85% 
and no greater than 90%); and “C” in the case of an 
improvement by less than 10% being found (i.e., the “LWR 
performance' value accounting for greater than 90%). 

Resolution 
A dimension of the minimum resist pattern which was 

resolved at the optimum exposure dose was measured, and 
the measurement value was designated as a “resolution 
(nm). The smaller value indicates a more favorable reso 
lution. By comparing the “resolution value with that for the 
Comparative Example which served as an evaluation stan 
dard, the resolution was evaluated to be: 'A' in the case of 
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an improvement by no less than 15% being found (i.e., the 
“resolution value accounting for no greater than 85% of the 
value for the Comparative Example); “B” in the case of an 
improvement by no less than 10% and less than 15% being 
found (i.e., the “resolution' value accounting for greater 
than 85% and no greater than 90%); and “C” in the case of 
an improvement by less than 10% being found (i.e., the 
“resolution value accounting for greater than 90%). 

Rectangularity of Cross-Sectional Shape 

118 
Formation of Resist Pattern (II) 

Examples 48 to 52 and 56 to 63, and Comparative 
Examples 29 to 41 

Formation of Resist Pattern (3): Development with Alkali 
An underlayer antireflective film having a film thickness 

of 25 nm was provided on the surface of a 12-inch silicon 
wafer by applying a composition for underlayer antireflec 

10 . - 
The cross-sectional shape of the resist pattern which was tive film formation on the surface of the 12-inch silicon 

wafer, and thereafter heating the same at 205° C. for 60 sec. resolved at the optimum exposure dose was observed, and a or g 
line width Lb in the middle portion of the resist pattern and Each radiation-sensitive resin composition was applied on 
a line width Laat the top of the film were measured, and then the underlayer antireflective film, and subjected to PB at 
La/Lb was calculated based on each measurement value. s 100° C. for 60 sec. Thereafter, cooling was carried out at 23 
The rectangularity of the cross-sectional shape was evalu- C. for 30 sec to provide a resist film having a film thickness 
ated to be: 'A' in a case where the La/Lb value fell within of 50 nm. Next, the resist film was exposed using an EUV 
a range of no less than 0.95 and no greater than 1.05; “B” in scanner (NXE3100, manufactured by ASML) through a 
a case where the La/Lb value fell within a range of no less mask pattern for forming a resist pattern with 35 nm 
than 0.9 and less than 0.95, or a range of greater than 1.05 20 line-and-space (1L/1S) under optical conditions involving 
and no greater than 1.1; and “C” in a case where the La/Lb NA of 0.25 and dipole. After the exposure, PEB was carried 
value was less than 0.9 or greater than 1.1. out at 100° C. for 60 sec. Thereafter, a puddle development 

Depth of Focus was carried out using a 2.38% by mass aqueous TMAH 
On the resist pattern which was resolved at the optimum solution at 23° C. for 30 sec. Then, rinsing was carried out 
E. Sh dish E. Whild 25 using ultra pure water for 7 sec, and thereafter spin-drying 

along the depth direction was determined, and a latitude in was executed for 15 sec at 2,000 rpm, whereby a 35 nm. 
the depth direction was determined in which the pattern - 0 line-and-space (1 L/1S) positive resist pattern was formed. dimension fell within a range of 90% to 110% of the An exposure dose at which a 1:1 line-and-space with a line standard while not accompanied by a bridge and/or a resi- 66 ----4- & G width of 35 nm was formed was defined as an “optimum due, and the measurement value was designated as a "depth 30 dose 
of focus'. The greater measurement value indicates a more exposure OS. 
favorable depth of focus. By comparing the “depth of focus’ Formation of Resist Pattern (4): Development with Organic 
value with that for the Comparative Example which served Solvent 
as an evaluation standard, the depth of focus was evaluated A negative resist pattern was formed by a similar opera 
to be: “A” in the case of an improvement by no less than is tion to that of the above Formation of Resist Pattern (3) 
15% being found (i.e., the “depth of focus’ value accounting except that: n-butyl acetate was used in place of the aqueous 
for no less than 115% of the value for the Comparative TMAH solution to execute the development with an organic 
Example); “B” in the case of an improvement by no less than Solvent; and washing with water was not carried out. 
10% and less than 15% being found (i.e., the “depth of Evaluations 
focus’ value accounting for no less than 110% and less than 40 Evaluations were made on the resist patterns obtained 
11.5%); and “C” in the case of an improvement by less than above in accordance with methods similar to those in the 
10% (i.e., the “depth of focus’ value accounting for no less above Formation of Resist Pattern (I). The results of the 
than 110%). evaluations are shown in Tables 5-1 and 5-2. 

TABLE 5-1 

Radiation- Development with alkali Development with organic solvent 

sensitive rectangularity rectangularity 
resin Evaluation LWR of cross- depth of LWR of cross- depth of 
composition standard performance resolution sectional shape focus performance resolution sectional shape focus 

Example 19 -1 CJ-1 A. A. A. A. A. A. A. B 
Example 20 -2 CJ-2 A. B A. A. A. A. B A. 
Example 21 -3 CJ-3 A. A. A. A. A. A. A. A. 
Example 22 -4 CJ-4 B B B A. B B B B 
Example 23 -S CJ-5 B B B B B B B B 
Example 24 -6 CJ-6 B A. B B B A. B A. 
Example 25 -7 CJ-7 B B B B B B B B 
Example 26 -8 CJ-8 A. B B B B A. B B 
Example 27 -9 CJ-9 B B B B B B B B 
Example 28 -10 CJ-3 A. A. A. A. A. A. A. A. 
Example 29 -11 CJ-10 A. B A. A. A. A. B A. 
Example 30 -12 CJ-11 A. A. B A. A. A. B A. 
Example 31 -13 CJ-12 A. A. A. A. A. A. A. A. 
Example 32 -14 CJ-13 A. A. A. B A. B A. A. 
Example 33 -15 CJ-14 A. A. A. A. A. A. A. A. 
Example 34 -16 CJ-15 A. B A. A. A. B A. A. 
Example 35 -17 CJ-16 B B A. B B B B B 
Example 36 -18 CJ-17 A. A. A. A. A. A. A. A. 
Example 37 -19 CJ-18 A. A. A. A. A. A. A. A. 
Example 38 -20 CJ-19 A. A. A. A. A. A. A. A. 
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TABLE 5-1-continued 

Radiation- Development with alkali Development with organic solvent 

sensitive rectangularity rectangularity 
resin Evaluation LWR of cross- depth of LWR of cross- depth of 
composition standard performance resolution sectional shape focus performance resolution sectional shape focus 

Example 39 J-21 CJ-20 B B B B A. B B B 
Example 40 J-22 CJ-21 B A. B B A. B A. B 

Example 41 J-23 CJ-22 B B A. B B B B B 

Example 42 J-24 CJ-23 A. A. A. A. A. A. A. A. 
Example 43 J-2S CJ-24 B B B B B B B B 

Example 44 J-26 CJ-2S A. A. A. A. A. A. A. A. 

TABLE 5-2 

Radiation- Development with alkali Development with organic solvent 

sensitive rectangularity rectangularity 
resin Evaluation LWR of cross- depth of LWR of cross- depth of 
composition standard performance resolution sectional shape focus performance resolution sectional shape focus 

Example 45 -27 CJ-26 A. A. B A. A. A. A. A. 
Example 46 -28 CJ-27 A. A. B A. A. A. A. A. 
Example 47 -29 CJ-28 A. A. A. B A. A. A. A. 
Example 48 -30 CJ-29 A. B A. A. A. A. A. A. 
Example 49 -31 CJ-30 A. A. B A. A. B A. A. 
Example 50 -32 CJ-31 A. B A. B A. A. A. B 
Example 51 -33 CJ-32 A. A. A. B A. A. A. A. 
Example 52 -34 CJ-33 A. A. B A. A. A. B A. 
Example 53 -35 CJ-18 B B B B B A. B B 
Example 54 -36 CJ-21 B A. B B B B B A. 
Example 55 -37 CJ-1 B B B A. B B B B 
Example 56 -38 CJ-34 B A. B B B B A. B 
Example 57 -39 CJ-35 B A. B B A. B B B 
Example 58 -40 CJ-36 B A. B A. B B B B 
Example 59 -41 CJ-37 B B B B B A. B B 
Example 60 -42 CJ-38 B A. B B B B B B 
Example 61 -43 CJ-39 B B B A. B B A. B 
Example 62 -44 CJ-40 B B A. B B B B B 
Example 63 -45 CJ-41 A. B B B A. B A. B 
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As is clear from the results shown in Tables 5-1 and 5-2, The invention claimed is: 
in both cases of the development with an alkali and the 1. A radiation-sensitive resin composition comprising: 
development with an organic solvent, the radiation-sensitive 1 first structural unit ted b 
resin compositions of Examples exhibited favorable LWR a polymer compris1ng a Tirst Suructural un11 represented by 
performance, resolution, cross-sectional shape, and depth of 
focus. 
The radiation-sensitive resin composition and the resist 

pattern-forming method according to the embodiments of 
the present invention enable a resist pattern exhibiting a 
Small LWR, a high resolution and Superior rectangularity of 
the cross-sectional shape to be formed while a great depth of 
focus is exhibited. The polymer according to the embodi 
ments of the present invention can be suitably used as a 
polymer component of the radiation-sensitive resin compo 
sition. The production method of a compound according to 
the embodiments of the present invention enables a com 
pound suitable for a basic ingredient of the polymer to be 
produced conveniently in a favorable yield. Therefore, these 
can be suitably used for the production of semiconductor 
devices, in which further progress of miniaturization is 
expected in the future. 

Obviously, numerous modifications and variations of the 
present invention are possible in light of the above teach 
ings. It is therefore to be understood that within the scope of 
the appended claims, the invention may be practiced other 
wise than as specifically described herein. 
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formula (1-1) or (1-2), a content of the polymer with 
respect to a total Solid content of the radiation-sensitive 
composition being no less than 25% by mass; 

a radiation-sensitive acid generator, and 
an organic solvent, 

(1-1) 
R1 

O 

R2 O 

O ORP 
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-continued 
3 (1-2) 

R 

Cir 
O 

O R5 

RPO O 

N-1 

wherein in the formulae (1-1) and (1-2), 
R represents a monovalent organic group which is an 

acid-nonlabile group, wherein in the formula (1-1), 
R" represents a hydrogen atom, or a substituted or 

unsubstituted alkyl group having 1 to 5 carbon 
atoms; and 

R represents a methylene group, an alkylene group 
having 2 to 10 carbon atoms, a cycloalkylene group 
having 3 to 20 carbon atoms, an arylene group 
having 6 to 20 carbon atoms, or a group obtained 
from an alkylene group having 2 to 10 carbon atoms 
or a cycloalkylene group having 3 to 20 carbon 
atoms by incorporating between adjacent two carbon 
atoms thereof, —CO , —COO ... —SOO— or a 
combination thereof, and 

wherein in the formula (1-2), 
R represents a hydrogen atom, or a substituted or 

unsubstituted alkyl group having 1 to 5 carbon 
atoms; 

L represents a single bond, -COO or CONRY , 
wherein R' represents a hydrogen atom or a mon 
ovalent hydrocarbon group having 1 to 10 carbon 
atoms; 

R" represents an alkyl group having 1 to 5 carbon 
atoms, an alkoxy group having 1 to 5 carbon atoms 
or an acyl group having 2 to 5 carbon atoms; 

R represents a single bond, a methylene group, an 
alkylene group having 2 to 10 carbon atoms, a 
cycloalkylene group having 3 to 20 carbon atoms, an 
arylene group having 6 to 20 carbon atoms, or a 
group obtained from an alkylene group having 2 to 
10 carbon atoms or a cycloalkylene group having 3 
to 20 carbon atoms by incorporating between adja 
cent two carbon atoms thereof, —CO—, —COO—, 
—SOO— or a combination thereof; 

'a' is an integer of 1 to 5; and 
“b' is an integer of 0 to 4, 
wherein a sum of “a” and “b' is no greater than 5, and 

in a case where R, R and Rare each present in a 
plurality of number, a plurality of Rs are each 
identical or different, a plurality of R's are each 
identical or different and a plurality of Rs are each 
identical or different. 

2. The radiation-sensitive resin composition according to 
claim 1, wherein the acid-nonlabile group is: 

(1) a group obtained by Substituting a part or all of 
hydrogen atoms comprised in a monovalent hydrocar 
bon group having 1 to 20 carbon atoms with a polar 
group; 
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(2) a group obtained from a monovalent hydrocarbon 

group having 2 to 20 carbon atoms by incorporating 
between adjacent two carbon atoms thereof. —O—, 
CO , COO , SOO— or a combination 

thereof; or 
(3) a group obtained from a monovalent hydrocarbon 

group having 2 to 20 carbon atoms by incorporating 
between adjacent two carbon atoms thereof. —O—, 
CO , COO , SOO— or a combination 

thereof and Substituting a part or all of hydrogen atoms 
thereof with a polar group. 

3. The radiation-sensitive resin composition according to 
claim 2, wherein the acid-nonlabile group is the group (2) 
obtained from a monovalent hydrocarbon group having 2 to 
20 carbon atoms by incorporating between adjacent two 
carbon atoms thereof. —O—, —CO—, —COO—, 
—SOO— or a combination thereof. 

4. The radiation-sensitive resin composition according to 
claim 2, wherein the acid-nonlabile group is the group (1) 
obtained by Substituting a part or all of hydrogen atoms 
comprised in a monovalent hydrocarbon group having 1 to 
20 carbon atoms with a polar group. 

5. A resist pattern-forming method comprising: 
applying the radiation-sensitive resin composition accord 

ing to claim 1 on a substrate to provide a resist film on 
the substrate; 

exposing the resist film; and 
developing the exposed resist film. 
6. A radiation-sensitive resin composition comprising: 
a polymer comprising a first structural unit represented by 

formula (1-1) or (1-2), a content of the polymer with 
respect to a total solid content of the radiation-sensitive 
composition being no less than 25% by mass; 

an acid-labile group-containing polymer other than the 
polymer comprising the first structural unit; 

a radiation-sensitive acid generator, and 
an organic solvent, 

R1 

t 
O ORF 

R3 

C 

(1-1) 

(1-2) 

O 

O R5 

RFO O 
N-1 
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wherein in the formulae (1-1) and (1-2), 
R represents a hydrogen atom or a monovalent organic 

group, wherein in the formula (1-1), 
R" represents a hydrogen atom, or a substituted or 

unsubstituted alkyl group having 1 to 5 carbon 
atoms; and 

R represents a methylene group, an alkylene group 
having 2 to 10 carbon atoms, a cycloalkylene group 
having 3 to 20 carbon atoms, an arylene group 
having 6 to 20 carbon atoms, or a group obtained 
from an alkylene group having 2 to 10 carbon atoms 
or a cycloalkylene group having 3 to 20 carbon 
atoms by incorporating between adjacent two carbon 
atoms thereof, —CO , —COO ... —SOO– or a 
combination thereof, and 

wherein in the formula (1-2), 
R represents a hydrogen atom, or a substituted or 

unsubstituted alkyl group having 1 to 5 carbon 
atoms; 

L represents a single bond, —COO or CONRY , 
wherein R' represents a hydrogen atom or a mon 
ovalent hydrocarbon group having 1 to 10 carbon 
atoms; 

R" represents an alkyl group having 1 to 5 carbon 
atoms, an alkoxy group having 1 to 5 carbon atoms 
or an acyl group having 2 to 5 carbon atoms; 

R represents a single bond, a methylene group, an 
alkylene group having 2 to 10 carbon atoms, a 
cycloalkylene group having 3 to 20 carbon atoms, an 
arylene group having 6 to 20 carbon atoms, or a 
group obtained from an alkylene group having 2 to 
10 carbon atoms or a cycloalkylene group having 3 
to 20 carbon atoms by incorporating between adja 
cent two carbon atoms thereof, —CO—, —COO—, 
—SOO— or a combination thereof; 

'a' is an integer of 1 to 5; and 
“b' is an integer of 0 to 4, 
wherein a sum of “a” and “b' is no greater than 5, and 

in a case where R, R and Rare each present in a 
plurality of number, a plurality of Rs are each 
identical or different, a plurality of R's are each 
identical or different and a plurality of Rs are each 
identical or different. 

7. The radiation-sensitive resin composition according to 
claim 6, wherein a content of the acid-labile group-contain 
ing polymer with respect to 100 parts by mass of the 
polymer comprising the first structural unit is from 20 parts 
by mass to 200 parts by mass. 

8. The radiation-sensitive resin composition according to 
claim 6, wherein R in the formula (1) represents a mon 
ovalent organic group, and the monovalent organic group is 
an acid-labile group. 

9. The radiation-sensitive resin composition according to 
claim 8, wherein the acid-labile group is represented by 
formula (p): 

(p) 

RPI-C-RP3 

Rp2 

wherein in the formula (p), 
R" represents a hydrogen atom or a monovalent chain 

hydrocarbon group having 1 to 10 carbon atoms; and 
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R’ and Reach independently represent a monovalent 

chain hydrocarbon group having 1 to 10 carbon atoms 
or a monovalent alicyclic hydrocarbon group having 3 
to 20 carbon atoms, or taken together represent a ring 
structure having 3 to 20 ring atoms, together with the 
carbon atom to which R and R bond. 

10. The radiation-sensitive resin composition according to 
claim 6, wherein the polymer further comprises a second 
structural unit represented by formula (2): 

(2) 

wherein in the formula (2), 
R represents a hydrogen atom, a fluorine atom, a 

methyl group or a trifluoromethyl group; 
Y represents a single bond, a carbonyloxycycloal 

kanediyl group having 4 to 20 carbon atoms, a 
carbonyloxycycloalkanediyloxy group having 4 to 
20 carbon atoms, an arenediyl group having 6 to 20 
carbon atoms, or a carbonyloxyarenediyl group hav 
ing 7 to 20 carbon atoms; 

R" represents a monovalent chain hydrocarbon group 
having 1 to 10 carbon atoms or a monovalent alicy 
clic hydrocarbon group having 3 to 20 carbon atoms; 
and 

R and Reach independently represent a monovalent 
chain hydrocarbon group having 1 to 10 carbon 
atoms or a monovalent alicyclic hydrocarbon group 
having 3 to 20 carbon atoms, or taken together 
represent an alicyclic structure having 3 to 20 carbon 
atoms, together with the carbon atom to which R 
and R bond. 

11. The radiation-sensitive resin composition according to 
claim 6, wherein the polymer further comprises a structural 
unit represented by formula (3-1), a structural unit repre 
sented by formula (3-2), a structural unit represented by 
formula (3-3), a structural unit represented by formula (3-4), 
or a combination thereof: 

(3-1) 
RC 

(OH) 
2/ -R', 
N 
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-continued 
(3-2) 

(3-3) 

(3-4) 

wherein in the formulae (3-1) to (3-4), 
R’s each independently represent a hydrogen atom or 

an alkyl group having 1 to 5 carbon atoms, and 
wherein in the formulae (3-1) to (3-3), 
“c's are each independently an integer of 1 to 3: 
R's each independently represent an alkyl group hav 

ing 1 to 5 carbon atoms; and 
“d's are each independently an integer of 0 to 4, 
wherein a Sum of c and d is no greater than 5, and 

wherein in a case where R is present in a plurality 
of number, a plurality of R's are each identical or 
different, and 

wherein in the formula (3-4), 
Land Leach independently represent a single bond, 

a methylene group, an alkylene group having 2 to 5 
carbon atoms, a cycloalkylene group having 3 to 15 
carbon atoms, an arylene group having 6 to 20 
carbon atoms, or a divalent group obtained by com 
bining a methylene group, an alkylene group having 
2 to 5 carbon atoms, a cycloalkylene group having 3 
to 15 carbon atoms or an arylene group having 6 to 
20 carbon atoms with —O—, —CO— or a combi 
nation thereof 

R’ represents a hydrogen atom, a carboxy group, a 
monovalent chain hydrocarbon group having 1 to 5 
carbon atoms, an alkoxy group having 1 to 5 carbon 
atoms, an alkoxycarbonyl group having 2 to 5 carbon 
atoms, or a group that comprises a hydroxy group at 
an end thereof and comprises at least one fluorine 
atom or fluorinated alkyl group on a carbon atom 
adjacent to the hydroxy group; and 

e is an integer of 1 to 5. 
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wherein in a case where L and Rare each present in 

a plurality of number, a plurality of L's are each 
identical or different and a plurality of R's are each 
identical or different. 

12. A resist pattern-forming method comprising: 
applying the radiation-sensitive resin composition accord 

ing to claim 6 on a substrate to provide a resist film on 
the substrate; 

exposing the resist film; and 
developing the exposed resist film. 
13. A radiation-sensitive resin composition comprising: 
a polymer comprising a first structural unit represented by 

formula (1-1) or (1-2), a content of the polymer with 
respect to a total Solid content of the radiation-sensitive 
composition being no less than 25% by mass; 

a fluorine atom-containing polymer other than the poly 
mer comprising the first structural unit; 

a radiation-sensitive acid generator, and 
an organic solvent, 

(1-1) 

(1-2) 

R1 

t 
O ORF 

--- 
d's 

O 

O R5 

RFO O 
N-1 

wherein in the formulae (1-1) and (1-2), 
R represents a hydrogenatom or a monovalent organic 

group, wherein in the formula (1-1), 
R" represents a hydrogen atom, or a substituted or 

unsubstituted alkyl group having 1 to 5 carbon 
atoms; and 

R represents a methylene group, an alkylene group 
having 2 to 10 carbon atoms, a cycloalkylene group 
having 3 to 20 carbon atoms, an arylene group 
having 6 to 20 carbon atoms, or a group obtained 
from an alkylene group having 2 to 10 carbon atoms 
or a cycloalkylene group having 3 to 20 carbon 
atoms by incorporating between adjacent two carbon 
atoms thereof, —CO , —COO ... —SOO— or a 
combination thereof, and 

wherein in the formula (1-2), 
R represents a hydrogen atom, or a substituted or 

unsubstituted alkyl group having 1 to 5 carbon 
atoms; 
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L represents a single bond, -COO or CONRY , 
wherein R' represents a hydrogen atom or a mon 
ovalent hydrocarbon group having 1 to 10 carbon 
atoms; 

R" represents an alkyl group having 1 to 5 carbon 
atoms, an alkoxy group having 1 to 5 carbon atoms 
or an acyl group having 2 to 5 carbon atoms; 

R represents a single bond, a methylene group, an 
alkylene group having 2 to 10 carbon atoms, a 
cycloalkylene group having 3 to 20 carbon atoms, an 
arylene group having 6 to 20 carbon atoms, or a 
group obtained from an alkylene group having 2 to 
10 carbon atoms or a cycloalkylene group having 3 
to 20 carbon atoms by incorporating between adja 
cent two carbon atoms thereof, —CO—, —COO—, 
—SOO— or a combination thereof; 

a' is an integer of 1 to 5; and 
“b' is an integer of 0 to 4, 
wherein a sum of “a” and “b' is no greater than 5, and 

in a case where R, R and Rare each present in a 
plurality of number, a plurality of Rs are each 
identical or different, a plurality of R's are each 
identical or different and a plurality of Rs are each 
identical or different. 

14. The radiation-sensitive resin composition according to 
claim 13, wherein a content of the fluorine atom-containing 
polymer in the radiation-sensitive resin composition with 
respect to 100 parts by mass of the polymer comprising the 
first structural unit is from 0.5 parts by mass to 15 parts by 

a SS. 

15. The radiation-sensitive resin composition according to 
claim 13, wherein R in the formula (1) represents a mon 
ovalent organic group, and the monovalent organic group is 
an acid-labile group. 

16. The radiation-sensitive resin composition according to 
claim 15, wherein the acid-labile group is represented by 
formula (p): 

(p) 

RPI-C-RP. 

wherein in the formula (p), 
R' represents a hydrogen atom or a monovalent chain 

hydrocarbon group having 1 to 10 carbon atoms; and 
R’ and Reach independently represent a monovalent 

chain hydrocarbon group having 1 to 10 carbon 
atoms or a monovalent alicyclic hydrocarbon group 
having 3 to 20 carbon atoms, or taken together 
represent a ring structure having 3 to 20 ring atoms, 
together with the carbon atom to which R’ and R' 
bond. 

17. The radiation-sensitive resin composition according to 
claim 13, wherein the polymer further comprises a second 
structural unit represented by formula (2): 
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(2) 

wherein in the formula (2), 
R represents a hydrogen atom, a fluorine atom, a 

methyl group or a trifluoromethyl group; 
Y represents a single bond, a carbonyloxycycloal 

kanediyl group having 4 to 20 carbon atoms, a 
carbonyloxycycloalkanediyloxy group having 4 to 
20 carbon atoms, an arenediyl group having 6 to 20 
carbon atoms, or a carbonyloxyarenediyl group hav 
ing 7 to 20 carbon atoms; 

R" represents a monovalent chain hydrocarbon group 
having 1 to 10 carbon atoms or a monovalent alicy 
clic hydrocarbon group having 3 to 20 carbon atoms; 
and 

R and Reach independently represent a monovalent 
chain hydrocarbon group having 1 to 10 carbon 
atoms or a monovalent alicyclic hydrocarbon group 
having 3 to 20 carbon atoms, or taken together 
represent an alicyclic structure having 3 to 20 carbon 
atoms, together with the carbon atom to which R 
and R bond. 

18. The radiation-sensitive resin composition according to 
claim 13, wherein the polymer further comprises a structural 
unit represented by formula (3-1), a structural unit repre 
sented by formula (3-2), a structural unit represented by 
formula (3-3), a structural unit represented by formula (3-4), 
or a combination thereof: 

(3-1) 

(3-2) 
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-continued 
(3-3) 

RC 

t 5 
O NH 

(OH) 

-H(R'), 10 
S 

(3-4) 
RC 

-n- 15 
L3 

21 

N 2O 

8.) 
wherein in the formulae (3-1) to (3-4), 25 
R’s each independently represent a hydrogen atom or 

an alkyl group having 1 to 5 carbon atoms, and 
wherein in the formulae (3-1) to (3-3), 

“c's are each independently an integer of 1 to 3: 30 
R's each independently represent an alkyl group hav 

ing 1 to 5 carbon atoms; and 
“d's are each independently an integer of 0 to 4, 

130 
wherein a Sum of c and d is no greater than 5, and 

wherein in a case where R is present in a plurality 
of number, a plurality of R's are each identical or 
different, and 

wherein in the formula (3-4), 
Land Leach independently represent a single bond, 

a methylene group, an alkylene group having 2 to 5 
carbon atoms, a cycloalkylene group having 3 to 15 
carbon atoms, an arylene group having 6 to 20 
carbon atoms, or a divalent group obtained by com 
bining a methylene group, an alkylene group having 
2 to 5 carbon atoms, a cycloalkylene group having 3 
to 15 carbon atoms or an arylene group having 6 to 
20 carbon atoms with —O—, —CO— or a combi 
nation thereof 

R’ represents a hydrogen atom, a carboxy group, a 
monovalent chain hydrocarbon group having 1 to 5 
carbon atoms, an alkoxy group having 1 to 5 carbon 
atoms, an alkoxycarbonyl group having 2 to 5 carbon 
atoms, or a group that comprises a hydroxy group at 
an end thereof and comprises at least one fluorine 
atom or fluorinated alkyl group on a carbon atom 
adjacent to the hydroxy group; and 

e is an integer of 1 to 5. 
wherein in a case where L and Rare each present in 

a plurality of number, a plurality of L's are each 
identical or different and a plurality of R's are each 
identical or different. 

19. A resist pattern-forming method comprising: 
applying the radiation-sensitive resin composition accord 

ing to claim 13 on a Substrate to provide a resist film on 
the substrate; 

exposing the resist film; and 
developing the exposed resist film. 

k k k k k 


