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(57) ABSTRACT

A radiation-sensitive composition containing a resist com-
pound having a high sensitivity, a high resolution, a high
etching resistance, and a low outgas which forms a resist
pattern with good shape and a method of forming a resist
pattern and novel compositions for forming a photoresist
under coat film which is excellent in optical properties and
etching resistance and contains substantially no sublimable
substance and an under coat film formed by the composition.
Radiation-sensitive composition containing a solvent and a
cyclic compound having, e.g., a cyclic compound (A) having
amolecular weight of 700 to 5000 which is synthesized by the
condensation reaction of a compound having 2 to 59 carbon
atoms and 1 to 4 formy] groups with a compound having 6 to
15 carbon atoms and 1 to 3 phenolic hydroxyl groups, and a
cyclic compound for use in the radiation-sensitive composi-
tion.
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RADIATION-SENSITIVE COMPOSITION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 12/312,258 which is a national stage of PCT/
JP2007/071346, filed Nov. 1, 2007, which claims priority to
Japanese Application Nos. 2006-299522, filed Nov. 2, 2006;
2007-113185, filed Apr. 23, 2007; 2007-113186, filed Apr.
23, 2007; 2007-124918, filed May 9, 2007; 2007-139764,
filed May 25, 2007; and 2007-139763, filed May 25, 2007.
The disclosures of application Ser. Nos. 12/312,258 and PCT/
JP2007/071346 are incorporated by reference herein in their
entireties.

TECHNICAL FIELD

[0002] The present invention relates to a cyclic compound
having a specific chemical structure which is useful as an
acid-amplified, non-polymeric resist material, a radiation-
sensitive composition containing the cyclic compound and a
composition for under coat film, and further relates to a
method of forming a resist pattern and a method of forming an
under coat film, each using the respective composition.

BACKGROUND ART

[0003] Conventionally known resist materials are generally
polymeric materials capable of forming amorphous thin film.
For example, a solution of a polymeric resist material such as
polymethyl methacrylate, polyhydroxystyrene having an
acid-dissociating reactive group and polyalkyl methacrylate
is applied on a substrate to form a thin resist film, which is
then irradiated with ultraviolet rays, far ultraviolet rays, elec-
tron beams, extreme ultraviolet rays (EUV), X-rays, etc., to
form line patterns having a width of about 45 to 100 nm.
[0004] The polymeric resist compounds generally have a
molecular weight as large as about 10,000 to 100,000 and a
broad molecular weight distribution. Therefore, in a litho-
graphic fine process using the polymeric resist compounds,
the surface of the fine patterns is roughened, thereby making
it difficult to control the dimension of patterns and reducing
the product yield. Thus, the conventional lithographic tech-
niques using the known polymeric resist materials have limi-
tations in fine processing. To produce finer patterns, there
have been proposed various low-molecular resist materials.
[0005] For example, there have been proposed a positive-
type resist composition mainly composed of a low molecular
weight, polynuclear polyphenol compound having at least
one phenolic hydroxyl group into which an acid-dissociating
functional group in introduced (Patent Document 1) and an
alkali-developable, negative-type resist composition mainly
composed of a low molecular weight, polynuclear polyphe-
nol compound (Patent Document 2). However, these compo-
sitions are insufficient in heat resistance to form resist pat-
terns with deformed shapes.

[0006] As a low molecular weight resist material, there
have been proposed a positive-type resist composition mainly
composed of a low molecular weight, cyclic polyphenol com-
pound having at least one phenolic hydroxyl group into which
an acid-dissociating functional group is introduced (Patent
Documents 3 to 10 and Non-Patent Documents 1 and 2) and
an alkali-developable, negative-type resist composition
mainly composed of a low molecular weight, cyclic polyphe-
nol compound (Non-Patent Document 3).
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[0007] It is expected that these low molecular weight,
cyclic polyphenol compounds form resist patterns with a high
resolution and a small roughness because of their small
molecular sizes. In addition, although the molecular weight is
low, the low molecular weight, cyclic polyphenol compound
has a high heat resistance because of a rigid cyclic structure in
its skeletal structure.

[0008] However, known low molecular weight, cyclic
polyphenol compounds have several drawbacks such as a low
etching resistance, a large outgas, a low solubility in safety
solvents used in semiconductor production process, and a
poor shape of resist patterns. Therefore, the improvement is
still required.

[0009] It has been recognized that the homogeneity of the
solid component of the positive-type resist composition influ-
ences the resolution of resist patterns and the roughness.
Therefore, a positive-type resist composition is required to
contain the low molecular weight, cyclic polyphenol com-
pound having an acid-dissociating functional group which is
structurally highly homogeneous, preferably structurally
single. However, a low molecular weight, cyclic polyphenol
of'a single structure is generally obtained by 100% introduc-
tion of the acid-dissociating functional group. Such a low
molecular weight, cyclic polyphenol of a single structure
reduces the sensitivity of a positive-type resist composition.
Thus, a low molecular weight, cyclic polyphenol providing a
positive-type resist composition with a high sensitivity has
not yet been reported.

[0010] Patent Document 1: JP 2005-369761A
[0011] Patent Document 2: JP 2005-326838A
[0012] Patent Document 3: JP 11-153863 A
[0013] Patent Document 4: JP 11-322656A
[0014] Patent Document 5: JP 2002-328473A
[0015] Patent Document 6: JP 2003-321423A
[0016] Patent Document 7: JP 2005-170902A
[0017] Patent Document 8: JP 2006-276459A
[0018] Patent Document 9: JP 2006-276742A
[0019] Patent Document 10: JP 2007-8875A
[0020] Non-Patent Document 1: Seung Wook Chang et al.

“Materials for Future Lithography”, Proc. SPIE, Vol. 5753,
p-1

[0021] Non-Patent Document 2: Daniel Bratton et al.
“Molecular Glass Resists for Next Generation Lithogra-
phy”, Proc. SPIE, Vol. 6153, 61531D-1

[0022] Non-Patent Document 3: T. Nakayama, M.
Nomura, K. Hagai, M. Ueda, Bull. Chem. Soc. Ipn., 71,
2979 (1998)

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0023] The object of the present invention is to provide:
(1) a radiation-sensitive composition comprising a resist
compound having a high sensitivity, a high resolution, a high
etching resistance, and a low outgas which forms a resist
pattern with a good shape, and a method of forming a resist
pattern using the radiation-sensitive composition;

(2) a radiation-sensitive composition comprising a resist
compound which forms a resist pattern with a good shape,
and a method of forming a resist pattern using the radiation-
sensitive composition; and

(3) a composition for a new-type photoresist under coat film
which is excellent in optical properties and etching resistance
and contains substantially no sublimable substance, an under
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coat film formed from the composition, and a method of
forming a pattern using the composition.

Means for Solving the Problems

[0024] The present invention relates to:
(1) a cyclic compound represented by the following formula

(D):

M

|
(RIL{”

wherein [ is independently a single bond or a divalent organic
group selected from the group consisting of a linear or
branched alkylene group having 1 to 20 carbon atoms, a
cycloalkylene group having 3 to 20 carbon atoms, an arylene
group having 6 to 24 carbon atoms, —O—, —OC(—0)—,
—O0C(=0)0—, —NR’)—C(=0)—, —N(R*)—C(=0)
O—,—8—,—SO—, —S0O,—, and any combination of the
preceding groups; R' is independently hydrogen atom; a
functional group selected from the group consisting of an
alkyl group having 1 to 20 carbon atoms, a cycloalkyl group
having 3 to 20 carbon atoms, an aryl group having 6 to 20
carbon atoms, an alkoxyl group having 1 to 20 carbon atoms,
cyano group, nitro group, hydroxyl group, heterocyclic
group, halogen atom, carboxyl group, an alkylsilyl group
having 1 to 20 carbon atoms, and a group derived from the
preceding groups; or an acid-dissociating functional group
selected from the group consisting of a substituted methyl
group having 2 to 20 carbon atoms, a 1-substituted ethyl
group having 3 to 20 carbon atoms, a 1-substituted n-propyl
group having 4 to 20 carbon atoms, a 1-branched alkyl group
having 3 to 20 carbon atoms, a silyl group having 1 to 20
carbon atoms, an acyl group having 2 to 20 carbon atoms, a
1-substituted alkoxyalkyl group having 2 to 20 carbon atoms,
a cyclic ether group having 2 to 20 carbon atoms, an alkoxy-
carbonyl group having 2 to 20 carbon atoms and an alkoxy-
carbonylalkyl group; R' is independently an alkyl group hav-
ing 2 to 20 carbon atoms, an aryl group having 6 to 24 carbon
atoms represented by the following formula:

or a group derived from the preceding groups; R* is a func-
tional group selected from the group consisting of an alkyl
group having 1 to 20 carbon atoms exclusive of t-butyl group,
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acycloalkyl group having 3 to 20 carbon atoms, an aryl group
having 6 to 20 carbon atoms, an alkoxyl group having 1 to 20
carbon atoms, cyano group, nitro group, heterocyclic group,
halogen atom, carboxyl group, an alkylsilyl group having 1 to
20 carbon atoms, and a group derived from the preceding
groups; R® is hydrogen atom or an alkyl group having 1 to 10
carbon atoms; m is an integer of 1 to 4; and p is an integer of
0to 5;

(2) a radiation-sensitive composition comprising the cyclic
compound described in the section 1 and a solvent;

(3) a composition for under coat film comprising the radia-
tion-sensitive composition described in the section 2;

(4) a method of producing a cyclic compound (BO), compris-
ing a first stage reaction in which an aldehyde compound
(Alb) having 2 to 59 carbon atoms, a reactive functional
group and 1 to 4 formyl groups is allowed to react with a
reagent for introducing an acid-dissociating functional group,
thereby synthesizing an aldehyde compound (Alc) having
the acid-dissociating functional group introduced, and a sec-
ond stage reaction in which the aldehyde compound (Alc)
and a phenol compound (A2) are subjected to a condensation
reaction;

(5) a method of producing a cyclic compound (BO), compris-
ing a first stage reaction in which an aldehyde compound
(A1d) having 2 to 59 carbon atoms, 1 to 4 formyl groups, and
1to 2 carboxyl groups or ester groups and a phenol compound
(A2) are subjected to a condensation reaction, thereby syn-
thesizing a cyclic compound (A0) having 1 to 8 carboxyl
groups and a molecular weight of 800 to 5000, and a second
stage reaction in which the cyclic compound (AO0) is allowed
to react with a compound (A3) having a halomethyl ether
group;

(6) an under coat film formed from the composition for under
coat film described in the section 3; and

(7) a method of forming a resist pattern comprising a step of
forming a resist film on a substrate using the radiation-sensi-
tive composition described in the section 2, a step of exposing
the resist film to radiation, and a step of developing the resist
film to form the resist pattern.

Effects of the Invention

[0025] The present invention provides:

(1) a radiation-sensitive composition comprising a resist
compound having a high sensitivity, a high resolution, a high
etching resistance, and a low outgas which forms a resist
pattern with a good shape, and a method of forming a resist
pattern using the radiation-sensitive composition;

(2) a radiation-sensitive composition comprising a resist
compound which forms a resist pattern with a good shape,
and a method of forming a resist pattern using the radiation-
sensitive composition; and

(3) a composition for a new photoresist under coat film which
is excellent in optical properties and etching resistance and
contains substantially no sublimable substance, an under coat
film formed from the composition, and a method of forming
a pattern using the composition.

BEST MODE FOR CARRYING OUT THE
INVENTION
[0026] The present invention will be described below in
more detail.
Cyclic Compound

[0027] The present invention relates to a cyclic compound
useful as a resist material.
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[0028] The cyclic compound of the invention is represented
by the following formula (1):

M

|
(RIL{”

wherein [ is independently a single bond or a divalent organic
group selected from the group consisting of a linear or
branched alkylene group having 1 to 20 carbon atoms, a
cycloalkylene group having 3 to 20 carbon atoms, an arylene
group having 6 to 24 carbon atoms, —O—, —OC(—0)—,
—O0C(=0)0—, —NR’)—C(=0)—, —N(R*)—C(=0)
O—,—8—,—SO—, —S0O,—, and any combination of the
preceding groups; R' is independently hydrogen atom, a
functional group selected from the group consisting of an
alkyl group having 1 to 20 carbon atoms, a cycloalkyl group
having 3 to 20 carbon atoms, an aryl group having 6 to 20
carbon atoms, an alkoxyl group having 1 to 20 carbon atoms,
cyano group, nitro group, hydroxyl group, heterocyclic
group, halogen atom, carboxyl group, an alkylsilyl group
having 1 to 20 carbon atoms, and a group derived from the
preceding groups, or an acid-dissociating functional group
selected from the group consisting of a substituted methyl
group having 2 to 20 carbon atoms, a 1-substituted ethyl
group having 3 to 20 carbon atoms, a 1-substituted n-propyl
group having 4 to 20 carbon atoms, a 1-branched alkyl group
having 3 to 20 carbon atoms, a silyl group having 1 to 20
carbon atoms, an acyl group having 2 to 20 carbon atoms, a
1-substituted alkoxyalkyl group having 2 to 20 carbon atoms,
a cyclic ether group having 2 to 20 carbon atoms, an alkoxy-
carbonyl group having 2 to 20 carbon atoms and an alkoxy-
carbonylalkyl group; R' is independently an alkyl group hav-
ing 2 to 20 carbon atoms, an aryl group having 6 to 24 carbon
atoms represented by the following formula:

or a group derived from the preceding groups; R* is a func-
tional group selected from the group consisting of an alkyl
group having 1 to 20 carbon atoms exclusive of t-butyl group,
acycloalkyl group having 3 to 20 carbon atoms, an aryl group
having 6 to 20 carbon atoms, an alkoxyl group having 1 to 20
carbon atoms, cyano group, nitro group, heterocyclic group,
halogen atom, carboxyl group, an alkylsilyl group having 1 to
20 carbon atoms, and a group derived from the preceding

Jul. 5,2012

groups, or an acid-dissociating functional group selected
from the group consisting of a substituted methyl group hav-
ing 2 to 20 carbon atoms, a 1-substituted ethyl group having
3 to 20 carbon atoms, a 1-substituted n-propy! group having 4
to 20 carbon atoms, a 1-branched alkyl group having 3 to 20
carbon atoms, a silyl group having 1 to 20 carbon atoms, an
acyl group having 2 to 20 carbon atoms, a 1-substituted
alkoxyalkyl group having 2 to 20 carbon atoms, a cyclic ether
group having 2 to 20 carbon atoms, an alkoxycarbonyl group
having 2 to 20 carbon atoms and an alkoxycarbonylalkyl
group; R is hydrogen atom or an alkyl group having 1 to 10
carbon atoms; m is an integer of 1 to 4; and p is an integer of
Oto5.

[0029] Examples of the cyclic compounds of the formula
(1) preferably include the following compounds.

a-1
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-continued
(1-2)

(O, (Re)y
7

[0030] In each of the formulae (1-1), (1-1-1), (1-2) and
(1-2-1), X, is hydrogen atom or a halogen atom, m; is an
integer of 1 to 2, m, is 1, and R* and p are the same as defined
above.

[0031] The above cyclic compounds are highly heat-resis-
tant, excellent in the film-forming properties because of their
good amorphous nature, not sublimable, and excellent in the
alkali developability, and therefore, suitably used as a resist
material, particularly, as a main component (base material) of
a resist material. Although having benzene structures, the
above cyclic compound surprisingly has a relatively low
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extinction coefficient for light at a wavelength of 193 nm and
a high refractive index, and therefore, is suitably used as a
material for under coat film.

[0032] In addition, the above cyclic compounds are practi-
cally very advantageous because the compounds can be pro-
duced in high yields by a condensation reaction with elimi-
nation of water in the presence of a non-metallic catalyst such
as hydrochloric acid while using various kinds of aldehydes
such as aromatic aldehydes and phenols such as resorcinol
and pyrogallol, each being industrially produced and avail-
able, as the starting materials.

[0033] Further, the above cyclic compounds are sparingly
soluble in propylene glycol monomethyl ether acetate (PG-
MEA) which is generally used as a resist solvent but soluble
in propylene glycol monomethyl ether (PGME) and cyclo-
hexanone, and therefore, the intermixing is prevented during
the production of a multi-layered resist.

[0034] The cyclic compound of the invention may be a
cis-isomer, a trans-isomer or a mixture thereof. In view of
forming a highly uniform resist film, an isomerically pure
compound consisting of one of the cis-isomer and the trans-
isomer is preferred for the resist component of a radiation-
sensitive composition. The cyclic compound of only one of
the cis-isomer and the trans-isomer may be obtained by a
known method, for example, the separation by column chro-
matography and preparative liquid chromatography and the
optimization of the reaction solvent, reaction temperature,
etc.

[0035] Of the above cyclic compounds, more preferred are
those described below.

(a) Cyclic Compound Represented by the Following Formula
@):

[0036]
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-continued
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-continued

wherein R™ is independently hydrogen atom, a linear alkyl
group having 1 to 12 carbon atoms, a halogen atom, cyano
group, hydroxyl group, an alkoxyl group, or an ester group.
[0037] Withthe above structure, a high refractive index and
a moderate extinction coefficient are obtained for light of 193
nm wavelength.
[0038] Examples of R™ include hydrogen atom, a linear
alkyl group having 1 to 10 carbon atoms such as methyl
group, ethyl group, propyl group, isopropyl group, butyl
group, isobutyl group, t-butyl group, pentylpgroup, isopentyl
group, neopentyl group, hexyl group, heptyl group, octyl
group, nonyl group, and decyl group, a halogen atom, cyano
roup, hydroxyl group, an alkoxyl group, and an ester group.
[0039] Of the above, hydrogen atom, propyl group and
entyl group are preferred particularly for the composition
or under coat film, because a high refractive index and a
moderate extinction coefficient are obtained for light of 193
nm wavelength.

(b) Cyclic Compound Represented by the Following Formula
@3):

0040

[0040] 3

RIB R7B

“, ~

wherein R7? is independently a linear alkyl group having 1 to
6 carbon atoms.

[0041] R7% is a linear alkyl group having 1 to 6 carbon
atoms such as methyl group, ethyl group, propyl group, iso-
propyl group, butyl group, isobutyl group, t-butyl group, pen-
tyl group, isopentyl group, neopentyl group, and hexyl group,
and preferably in the trans-configulation.

[0042] Particularly preferred is propyl group, because a
high refractive index and a moderate extinction coefficient are
obtained for light of 193 nm wavelength.

[0043] The cyclic compounds (a) and (b) are produced by
the condensation reaction between an aromatic aldehyde hav-
ing 6 to 24 carbon atoms and a compound having a resorcinol
or pyrogallol structure.

[0044] The above cyclic compounds may be produced by a
known method. For example, 1 mol of a carbonyl compound
such as aromatic aldehyde is allowed to react with 1 mol to
excess of a phenolic compound such as resorcinol and pyro-
gallol in an organic solvent such as toluene, methanol and
ethanol in the presence of thioacetic acid or §-mercaptopro-
pionic acid and an acid catalyst (hydrochloric acid, sulfuric
acid or p-toluenesulfonic acid) at 60 to 150° C. for about 0.5
to 20 h. After the reaction, the reaction product solution is
added with toluene, heated to 60 to 80° C., stirred for 0.5 to 2
h, and cooled to room temperature. Then, the precipitate is
separated by filtration and dried, to obtain the cyclic com-
pound.

[0045] The molecular weight of the cyclic compound is
preferably 400 to 2000, more preferably 600 to 2000, and still
more preferably 800 to 1500. Within the above ranges, aresist
material, particularly, a material for under coat film which is
excellent in the film-forming properties and etching resis-
tance and contains a minimized quantity of sublimable com-
ponent is obtained.
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(c) Cyclic Compound Selected from the Compounds Repre-
sented by the Following Formulae (4-0) and (4):

4-0)

Xo)m X2)m
(X2) Ko, (X2)
| OH

N (O),L,CO0H
1

\
HOOCL, 11(0)/\\\ / Wi,

X2)m

(G
X, X5

2 (0)I,1,CO0H
0

HO OH
\ [
HOOCL, II(O)/\L / /\;/\ (0)I,L,COOH
X X,
X OH X

J N
’\I(O)IILICOOH

X2 OH X2
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[0046] Ineach ofthe formulae (4-0)and (4), X, is hydrogen
atom or a halogen atom; L, is a single bond or a divalent
organic group selected from a linear or branched alkylene
group having 1 to 4 carbon atoms; I, is O or 1; m is an integer
of'1to 4, m; is an integer of 1 to 2; and m, is 1.

(d) Cyclic Compound Selected from the Group Consisting of
the Compounds Represented by the Following Formula (5),
or Cyclic Compound Selected from the Group Consisting of
the Compounds Represented by the Following Formula (6):

®)
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-continued

[0047] Inthe formulae (5)and (6), R' is the same as defined
above, with the proviso that at least one R' is an acid-disso-
ciating functional group.

[0048] The acid-dissociating functional group is suitably
selected from those proposed as the groups for hydroxysty-
rene resins and (meth)acrylic acid resins which are used in the
chemical-amplified resist composition for KrF and ArF. Pre-
ferred examples thereof include a substituted methyl group, a
1-substituted ethyl group, a 1-substituted n-propyl group, a
1-branched alkyl group, silyl group, an acyl group, a 1-sub-
stituted alkoxymethyl group, a cyclic ether group, and an
alkoxycarbonyl group. The acid-dissociating functional
group is preferably free from a crosslinkable functional
group.

[0049] The molecular weight of the cyclic compound (d) is
preferably 800 to 5000, more preferably 800 to 2000, and still
more preferably 1000 to 2000. Within the above ranges, the
resolution is improved while maintaining the film-forming
properties necessary for the resists.

Jul. 5,2012

[0050] The substituted methyl group has generally 2 to 20
carbon atoms, preferably 4 to 18 carbon atoms, and more
preferably 6 to 16 carbon atoms. Examples thereof include
methoxymethyl group, methylthiomethyl group, ethoxym-
ethyl group, n-propoxymethyl group, isopropoxymethyl
group, n-butoxymethyl group, t-butoxymethyl group, 2-me-
thylpropoxymethyl group, ethylthiomethyl group, methoxy-
ethoxymethyl group, phenyloxymethyl group, 1-cyclopenty-
loxymethyl  group, 1-cyclohexyloxymethyl  group,
benzylthiomethyl group, phenacyl, 4-bromophenacyl,
4-methoxyphenacyl, piperonyl group, and the groups repre-
sented by the following formula (7):

CF;3

FsC

Ve
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-continued

foqoey
-0, K

wherein R? is an alkyl group having 1 to 4 carbon atoms such
as methyl group, ethyl group, isopropyl group, n-propyl
group, t-butyl group, and n-butyl group.

[0051] The 1-substituted ethyl group has generally 3 to 20
carbon atoms, preferably 5 to 18 carbon atoms, and more
preferably 7 to 16 carbon atoms. Examples thereof include
1-methoxyethyl group, 1-methylthioethyl group, 1,1-
dimethoxyethyl group, 1-ethoxyethyl group, 1-ethylthioethyl
group, 1,1-diethoxyethyl group, n-propoxyethyl group, iso-
propoxyethyl group, n-butoxyethyl group, t-butoxyethyl
group, 2-methylpropoxyethyl group, 1-phenoxyethyl group,
1-phenylthioethyl group, 1,1-diphenoxyethyl group, 1-cyclo-
pentyloxyethyl group, 1-cyclohexyloxyethyl group, 1-phe-
nylethyl group, 1,1-diphenylethyl group, and the groups rep-
resented by the following formula (8):

®

CF;3

g
&
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-continued
o/\/O

%(OV :
g)\o/\/o \"/ :

(@]

O

é)\o g)\ofé o]

wherein R? is the same as defined above.

[0052] The 1-substituted n-propyl group has generally 4 to
20 carbon atoms, preferably 6 to 18 carbon atoms, and more
preferably 8 to 16 carbon atoms. Examples thereof include
1-methoxy-n-propyl group and 1-ethoxy-n-propyl group.
[0053] The 1-branched alkyl group has generally 3 to 20
carbon atoms, preferably 5 to 18 carbon atoms, and more
preferably 7 to 16 carbon atoms. Examples thereof include
isopropyl group, sec-butyl group, tert-butyl group, 1,1-dim-
ethylpropyl group, 1-methylbutyl group, 1,1-dimethylbutyl
group, 2-methyladamantyl group, and 2-ethyladamantyl
group.

[0054] The silyl group has generally 1 to 20 carbon atoms,
preferably 3 to 18 carbon atoms, and more preferably 5 to 16
carbon atoms. Examples thereofinclude trimethylsilyl group,
ethyldimethylsilyl group, methyldiethylsilyl group, triethyl-
silyl group, tert-butyldimethylsilyl group, tert-butyldiethyl-
silyl group, tert-butyldiphenylsilyl group, tri-tert-butylsilyl
group, and triphenylsilyl group.
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[0055] The acyl group has generally 2 to 20 carbon atoms,
preferably 4 to 18 carbon atoms, and more preferably 6 to 16
carbon atoms. Examples thereof include acetyl group, phe-
noxyacetyl group, propionyl group, butyryl group, heptanoyl
group, hexanoyl group, valeryl group, pivaloyl group, isov-
aleryl group, lauroyl group, adamantylcarbonyl group, ben-
zoyl group, and naphthoyl group.

[0056] The 1-substituted alkoxymethyl group has gener-
ally 2 to 20 carbon atoms, preferably 4 to 18 carbon atoms,
and more preferably 6 to 16 carbon atoms. Examples thereof
include 1-cyclopentylmethoxymethyl group, 1-cyclopen-
tylethoxymethyl group, 1-cyclohexylmethoxymethyl group,
1-cyclohexylethoxymethyl group, 1-cyclooctylmethoxym-
ethyl group, and 1-adamantylmethoxymethyl group.

[0057] The cyclic ether group has generally 2 to 20 carbon
atoms, preferably 4 to 18 carbon atoms, and more preferably
6 to 16 carbon atoms. Examples thereof include tetrahydro-
pyranyl group, tetrahydrofuranyl group, tetrahydrothiopyra-
nyl group, tetrahydrothiofuranyl group, 4-methoxytetrahy-
dropyranyl group, and 4-methoxytetrahydrothiopyranyl
group.

[0058] The alkoxycarbonyl group has generally 2 to 20
carbon atoms, preferably 4 to 18 carbon atoms, and more
preferably 6 to 16 carbon atoms. Examples thereof include
methoxycarbonyl group, ethoxycarbonyl group, n-propoxy-
carbonyl group, isopropoxycarbonyl group, n-butoxycarbo-
nyl group, tert-butoxycarbonyl group, and an acid-dissociat-
ing functional group represented by the following formula (9)
wherein n=0.

[0059] The alkoxycarbonylalkyl group has generally 2 to
20 carbon atoms, preferably 4 to 18 carbon atoms, and more
preferably 6 to 16 carbon atoms. Examples thereof include
methoxycarbonylmethyl  group, ethoxycarbonylmethyl
group, n-propoxycarbonylmethyl group, isopropoxycarbon-
ylmethyl group, n-butoxycarbonylmethyl group, and an acid-
dissociating functional group represented by the following
formula (9) wherein n=1 to 4.

®
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-continued

O
o O
O
(@]
: DaNe:
O

)YI

0
0
)YI OH

wherein R? is hydrogen atom or a linear or branched alkyl
group having 1 to 4 carbon atoms and n is an integer of 0 to 4.
[0060] Of the above acid-dissociating functional groups,
preferred are the substituted methyl group, 1-substituted
ethyl group, 1-substituted alkoxymethyl group, cyclic ether
group, alkoxycarbonyl group, and alkoxycarbonylalkyl
group, more preferred are the substituted methyl group,
1-substituted ethyl group, alkoxycarbonyl group, and alkoxy-
carbonylalkyl group because of their high sensitivity, and still
more preferred are the acid-dissociating functional groups
having a structure selected from a cycloalkane having 3 to 12
carbon atoms, a lactone, and an aromatic ring having 6 to 12
carbon atoms. The cycloalkane having 3 to 12 carbon atoms
may be monocyclic or polycyclic, and preferably polycyclic.
Examples thereof include a monocycloalkane, a bicycloal-
kane, a tricycloalkane, and a tetracycloalkane, and more spe-
cifically include a monocycloalkane such as cyclopropane,
cyclobutane, cyclopentane, and cyclohexane and a polycy-
cloalkane such as adamantane, norbornane, isobornane, tri-
cyclodecane, and tetracyclodecane, with adamantane, tricy-
clodecane, and tetracyclodecane being preferred, and
adamantane and tricyclodecane being particularly preferred.
The cycloalkane having 3 to 12 carbon atoms may be substi-
tuted. Examples of the lactone include butyrolactone and a
cycloalkane having 3 to 12 carbon atoms and a lactone ring.
Examples of the aromatic ring having 6 to 12 carbon atoms
include benzene ring, naphthalene ring, anthracene ring,
phenanthrene ring, and pyrene ring, with benzene ring and
naphthalene ring being preferred and naphthalene ring being
particularly preferred.

[0061] Anacid-dissociating functional group selected from
the group consisting of the groups represented by the follow-
ing formula (10) is preferred because of their high resolution.

o M
o O,
)nl 0 RS
)nl
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-continued
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[0062] Inthe formula (10), R® is hydrogen atom or a linear
or branched alkyl group having 1 to 4 carbon atoms, R° is
hydrogen atom, a linear or branched alkyl group having 1 to
4 carbon atoms, cyano group, nitro group, a heterocyclic
group, a halogen atom, or carboxyl group, nl is an integer of
0to 4, n2 is an integer of 1 to 5, and n0 is an integer of 0 to 4.
[0063] The acid-dissociating functional group R! may be a
group composed of a repeating unit represented by the fol-

10
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lowing formula (11) and a terminal group represented by the
following formula (12) or R* (R* is the same as defined above)
as long as the effect of the present invention is not adversely
affected.

(11)
R3m5

(Oyn6

(12)
(R3m5

(ORMu6

[0064] In the formula (11) and/or formula (12), R* is the
same as defined above. Lisa single bond, methylene group,
ethylene group or carbonyl group, n5 is an integer of 0 to 4, n6
is an integer of 1 to 3, x is an integer of 0 to 3, and n5 and n6
satisfy 1=n5+n6=5. Plural n5’s, n6’s and x’s are the same or
different, respectively. R is selected from the group consist-
ing of'a halogen atom, an alkyl group, a cycloalkyl group, an
aryl group, an aralkyl group, an alkoxyl group, an aryloxy
group, an alkenyl group, an acyl group, an alkoxycarbonyl
group, an alkyloyloxy group, an aryloyloxy group, cyano
group, and nitro group. The halogen atom includes chlorine
atom, bromine atom and iodine atom; the alkyl group has 1 to
4 carbon atoms and includes methyl group, ethyl group, pro-
pyl group, n-propyl group, n-butyl group, isobutyl group,
sec-butyl group, and tert-butyl group; the cycloalkyl group
includes cyclohexyl group, norbornyl group and adamantyl
group; the aryl group includes phenyl group, tolyl group,
xylyl group, and naphthyl group; the aralkyl group includes
benzyl group, hydroxybenzyl group and dihydroxybenzyl
group; the alkoxyl group has 1 to 4 carbon atoms and includes
methoxy group, ethoxy group, hydroxyethoxy group, pro-
poxy group, hydroxypropoxy group, isopropoxy group, n-bu-
toxy group, isobutoxy group, sec-butoxy group, and tert-
butoxy group; the aryloxy group includes phenoxy group; the
alkenyl group has 2 to 4 carbon atoms and includes vinyl
group, propenyl group, allyl group, and butenyl group; the
acyl group includes an aliphatic acyl group having 1 to 6
carbon atoms such as formyl group, acetyl group, propionyl
group, butyryl group, valeryl group, isovaleryl group, and
pivaloyl group, and an aromatic acyl group such as benzoyl
group and toluoyl group; the alkoxycarbonyl group has 2 to 5
carbon atoms and includes methoxycarbonyl group, ethoxy-
carbonyl group, propoxycarbonyl group, isopropoxycarbo-
nyl group, n-butoxycarbonyl group, isobutoxycarbonyl
group, sec-butoxycarbonyl group, and tert-butoxycarbonyl
group; the alkyloyloxy group includes acetoxy group, pro-
pionyloxy group, butyryloxy group, isobutyryloxy group
valeryloxy group, isovaleryloxy group, and pivaloyloxy
group; and the aryloyloxy group includes benzoyloxy group.
Plural R*’s are the same or different.

[0065] The acid-dissociating functional group is intro-
duced into at least one phenolic hydroxyl group of the cyclic
compound (A) by a known method as described below. The
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compound for introducing the acid-dissociating functional
group is synthesized by a known method or commercially
easily available and is selected from, but not limited to, active
carboxylic acid derivatives such as an acid chloride, an acid
anhydride and a dicarbonate, an alkyl halide, a vinyl alkyl
ether, dihydropyran, and an alkyl halocarboxylate.

[0066] For example, the cyclic compound (A) is dissolved
or suspended in an aprotic solvent such as acetone, tetrahy-
drofuran (THF) and propylene glycol monomethyl ether
acetate. After adding vinyl alkyl ether such as ethyl vinyl
ether or dihydropyran, the reaction is allowed to proceed in
the presence of an acid catalyst such as pyridinium p-toluene-
sulfonate under atmospheric pressure at 20 to 60° C. for 6 to
72 h. The reaction product liquid is neutralized by an alkali
compound and then poured into distilled water to precipitate
a white solid matter. The white solid matter is separated,
washed with distilled water and dried to obtain the cyclic
compound (d).

[0067] Alternatively, the cyclic compound (A) is dissolved
or suspended in an aprotic solvent such as acetone, THF and
propylene glycol monomethyl ether acetate. After adding an
alkyl halide such as ethyl chloromethyl ether or an alkyl
halocarboxylate such as methyladamantyl bromoacetate, the
reaction is allowed to proceed in the presence of an alkali
catalyst such as potassium carbonate under atmospheric pres-
sure at 20 to 110° C. for 6 to 72 h. The reaction product liquid
is neutralized by an acid such as hydrochloric acid and poured
into distilled water to precipitate a white solid matter. The
white solid matter is separated, washed with distilled water
and dried to obtain the cyclic compound (d).

[0068] Theacid-dissociating functional group referred to in
the present invention is a characteristic group which gener-
ates an alkali-soluble group by dissociation in the presence of
an acid. Examples of the alkali-soluble group include phe-
nolic hydroxyl group, carboxyl group, sulfonic acid group,
and hexafluoroisopropyl group, with phenolic hydroxyl
group and carboxyl group being preferred and phenolic
hydroxyl group being particularly preferred. To form a pat-
tern with a high sensitivity and resolution, it is preferred that
the acid-dissociating functional group is dissociated succeed-
ingly by a chain reaction in the presence of acid.

[0069] The cyclic compound (A) is produced by the con-
densation reaction between at least one kind of the aromatic
carbonyl compound (A1) and at least one kind of the phenol
compound (A2).

[0070] The aromatic carbonyl compound (A1) is a benzal-
dehyde compound having 10 to 24 carbon atoms which has at
least one alicyclic or aromatic ring in addition to the aromatic
ring of the benzaldehyde moiety. Examples thereof include
cyclopropylbenzaldehyde, cyclobutanebenzaldehyde, cyclo-
pentanebenzaldehyde, cyclohexanebenzaldehyde, phenyl-
benzaldehyde, naphthylbenzaldehyde, adamantylbenzalde-
hyde, norbornylbenzaldehyde, and lactylbenzaldehyde, with
cyclohexylbenzaldehyde and phenylbenzaldehyde being pre-
ferred, and cyclohexylbenzaldehyde being more preferred.
The aromatic carbonyl compound (A1) may have a linear or
branched alkyl group having 1 to 4 carbon atoms, cyano
group, hydroxyl group, or a halogen atom as long as the effect
of the present invention is not adversely affected. The aro-
matic carbonyl compound (Al) may be used alone or in
combination of two or more.

[0071] Examples of the phenol compound (A2) include
phenol, catechol, resorcinol, hydroquinone, and pyrogallol,
with resorcinol and pyrogallol being preferred, and resorcinol
being more preferred. The phenol compound (A2) may have
a linear or branched alkyl group having 1 to 4 carbon atoms,
cyano group, hydroxyl group, or a halogen atom as long as the
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effect of the present invention is not adversely affected. The
phenol compound (A2) may be used alone or in combination
of two or more.

[0072] The cyclic compound (A) is produced by a known
method. For example, 1 mol of the aromatic carbonyl com-
pound (A1) and 0.1 to 10 mol of the phenol compound (A2)
are allowed to react in an organic solvent such as methanol
and ethanol in the presence of an acid catalyst (hydrochloric
acid, sulfuric acid, p-toluenesulfonic acid, etc.) at 60 to 150°
C. for about 0.5 to 20 h. After filtration, the collected precipi-
tates are washed with an alcohol such as methanol, washed
with water, and dried to obtain the cyclic compound (A).
Alternatively, the cyclic compound (A) may be obtained by
the same reaction except for using a basic catalyst (sodium
hydroxide, barium hydroxide, 1,8-diazabicyclo[5.4.0]unde-
cane 7, etc.) in place of the acid catalyst. In addition, the cyclic
compound (A) may be produced by converting the aromatic
carbonyl compound (A1) to a dihalide using a hydrogen
halide or halogen gas and allowing the isolated dihalide to
react with the phenol compound (A2).

[0073] The cyclic compound (A) may be purified to reduce
the amount of residual metal, if necessary. If the acid catalyst
and co-catalyst remain, the storage stability of the radiation-
sensitive composition is generally lowered. If the basic cata-
lyst remains, the sensitivity of the radiation-sensitive compo-
sition is generally lowered. Therefore, the cyclic compound
(A) may be purified to reduce the remaining amount of such
catalytic compounds. The purification may be carried out by
any of known methods without limitation as long as the cyclic
compound (A) is not unfavorably changed, for example, by
washing with water, washing with an acidic aqueous solution,
washing with a basic aqueous solution, treating with an ion
exchange resin, and treating with a silica gel column chroma-
tography. The purification is preferably conducted in a com-
bination of two or more of the above methods. The acidic
aqueous solution, basic aqueous solution, ion exchange resin
and silica gel column may be suitably selected taking the
amounts and kinds of the metal, acidic compound and basic
compound to be removed and the kind of the cyclic com-
pound (A) to be purified into consideration. For example,
hydrochloric acid, an aqueous solution of nitric acid and an
aqueous solution of acetic acid, each having a concentration
01'0.01 to 10 mol/L, are used as the acidic aqueous solution,
an aqueous ammonia solution having a concentration of 0.01
to 10 mol/L is used as the basic aqueous solution, and a cation
exchange resin such as Amberlyst 15J-HG Dry manufactured
by Organo Corporation is used as the ion exchange resin. The
purified product may be dried by aknown method such as, but
not limited to, a vacuum drying and a hot-air drying under the
conditions not changing the cyclic compound (A).

[0074] It is preferred that the cyclic compound (d) shows a
low sublimation ability under atmospheric pressure at 100° C.
or lower, preferably at 120° C. or lower, more preferably at
130° C. or lower, still more preferably at 140° C. or lower,
particularly preferably at 150° C. or lower. The low sublima-
tion ability referred to herein means that the weight loss after
a thermogravimetric analysis wherein a sample is kept at
predetermined temperature for 10 min is 10% or less, prefer-
ably 5% or less, more preferably 3% or less, still more pref-
erably 1% or less, and particularly preferably 0.1% or less. If
the sublimation ability is low, the contamination of the expo-
sure apparatus by the outgas generated in the exposing pro-
cess is prevented. In addition, a fine pattern with small LER is
obtained.

[0075] The cyclic compound (d) preferably satisfies the
requirement of F<3.0 wherein F is (total number of atoms)/
(total number of carbon atoms-total number of oxygen
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atoms), and more preferably F<2.5. By satisfying the above
requirements, the dry-etching resistance is improved.

[0076] The cyclic compound (d) dissolves in a solvent at
23° C. preferably in 1% by weight or more, more preferably
in 3% by weight or more, still more preferably in 5% by
weight or more, and particularly preferably in 10% by weight
or more when measured using the solvent having the highest
dissolving power to the cyclic compound (d) among propy-
lene glycol monomethyl ether acetate, propylene glycol
monomethyl ether, 2-heptanone, anisole, butyl acetate, ethyl
propionate, and ethyl lactate. With such solubility, the safety
solvent acceptable in the semiconductor factory can be used.
[0077] Thecyclic compound (d) is made into an amorphous
film by a spin-coating and applicable to a general semicon-
ductor production process.

[0078] The dissolving speed of the amorphous film of the
cyclic compound (d) in a 2.38 mass % aqueous solution of
TMAH at 23° C. is preferably 5 A/sec or less, more preferably
0.05 to 5 A/sec, and still more preferably 0.0005 to 5 A/sec. If
being 5 A/sec or less, the cyclic compound (d) is insoluble in
an alkali developing solution to form a resist. If being 0.0005
A/sec or more, the resolution may be improved in some cases.
This may be because that the micro surface of the cyclic
compound (d) is dissolved to reduce LER. In addition, the
number of defects is reduced.

[0079] The cyclic compound (AO) which is generated by
the dissociation of the acid-dissociating functional group of
the cyclic compound (d) preferably has an ability of forming
an amorphous film by a spin coating. The dissolving speed of
the amorphous film of the cyclic compound (AO) in a 2.38
mass % aqueous solution of TMAH at 23° C. is preferably 10
M/sec or more, more preferably 10 to 10000 A/sec, and still
more preferably 100 to 1000 A/sec. If being 10 A/sec or more,
the cyclic compound (A0) dissolves in an alkali developing
solution to leave a resist pattern. If being 10000 A/sec or less,
the resolution may be improved in some cases. This may be
because that the contrast at the interface between the exposed
portion soluble in an alkali developing solution and the non-
exposed portion insoluble in an alkali developing solution is
enhanced by the change of solubility due to the dissociation of
the acid-dissociating group of the cyclic compound (d). In
addition, LER is reduced and the number of defects is
reduced.

[0080] The solid component of the radiation-sensitive com-
position is formed into an amorphous film by a spin coating.
The dissolving speed of the amorphous film in a 2.38 mass %
aqueous solution of TMAH at 23° C. is preferably 5 A/sec or
less. After exposing the amorphous film to a radiation such as
KrF excimer lasers, extreme ultraviolet rays, electron beams
and X-rays and optionally heating at 20 to 250° C., the dis-
solving speed of the treated amorphous film in a 2.38 mass %
aqueous solution of TMAH at 23° C. is preferably 10 A/sec or
more. By satisfying the above requirements, a pattern with a
good shape can be obtained in good yields.

[0081] The glass transition temperature of the cyclic com-
pound (d) is preferably 100° C. or higher, more preferably
120° C. or higher, still more preferably 140° C. or higher, and
particularly preferably 150° C. or higher. Within the above
ranges, a heat resistance enough to maintain the shape of
pattern in the semiconductor lithography process is obtained,
thereby increasing the resolution.

[0082] The crystallization heat of the cyclic compound (d)
is preferably less than 20 J/g when measured by a differential
scanning calorimetry of the glass transition temperature. The
difference, (crystallization temperature)—(glass transition
temperature), is preferably 70° C. or higher, more preferably
80° C. or higher, still more preferably 100° C. or higher, and
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particularly preferably 130° C. or higher. Ifthe crystallization
heat is less than 20 J/g or the difference, (crystallization
temperature)—(glass transition temperature), is within the
above ranges, the radiation-sensitive composition is easily
made into an amorphous film by a spin coating and the film-
forming properties required for the resist can be maintained
for a long period of time, thereby improving the resolution.

[0083] In the present invention, the crystallization heat,
crystallization temperature and glass transition temperature
are measured by a differential scanning calorimetry using
DSC/TA-SOWS manufactured by Shimadzu Corporation as
described below. A sample (about 10 mg) placed in a non-
sealed aluminum container is heated to a temperature higher
than the melting point at a temperature rising rate of 20°
C./min in a nitrogen gas flow (50 ml/min). After rapid cool-
ing, the sample is again heated to a temperature higher than
the melting point at a temperature rising rate of 20° C./min in
a nitrogen gas flow (30 ml/min). After rapid cooling, the
sample is again heated to 400° C. at a temperature rising rate
01'20° C./min in a nitrogen gas flow (30 ml/min). The middle
point of the region at which the base line turns discontinuous
(the point at which the specific heat reduces to half) is taken
as the glass transition temperature (Tg) and the temperature
of the exothermic peak appearing after the discontinuous
region is taken as the crystallization temperature. The crys-
tallization heat is determined by the area of the region which
is surrounded by the exothermic peak and the base line.

(e) Cyclic compound represented by the following formula
(13-0) or (13):

(13-0)

13)

: (O)[;L;COOR?

Xz X
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wherein R4 is a substituted methyl group having 2 to 20
carbon atoms, a 1-substituted ethyl group having 3 to 20
carbon atoms, a 1-substituted n-propyl group having 4 to 20
carbon atoms, a 1-branched alkyl group having 3 to 20 carbon
atoms, a silyl group having 1 to 20 carbon atoms, an acyl
group having 2 to 20 carbon atoms, a 1-substituted alkoxy-
alkyl group having 2 to 20 carbon atoms, a cyclic ether group
having 2 to 20 carbon atoms, an alkoxycarbonyl group having
2 to 20 carbon atoms, and an alkoxycarbonylalkyl group
having 2 to 20 carbon atoms; and X,, L., I, and m are the same
as defined in the formula (4-0).

[0084] Examples of the substituted methyl group having 2
to 20 carbon atoms, the 1-substituted ethyl group having 3 to
20 carbon atoms, the 1-substituted n-propyl group having 4 to
20 carbon atoms, the 1-branched alkyl group having 3 to 20
carbon atoms, the silyl group having 1 to 20 carbon atoms, the
acyl group having 2 to 20 carbon atoms, the 1-substituted
alkoxyalkyl group having 2 to 20 carbon atoms, the cyclic
ether group having 2 to 20 carbon atoms, the alkoxycarbonyl
group having 2 to 20 carbon atoms and the alkoxycarbonyla-
Ikyl group having 2 to 20 carbon atoms may be selected from
the acid-dissociating functional groups mentioned above
with respect to R*.

[0085] More preferably, the cyclic compound (e)is selected
from the compounds represented by the following formula
(14):

(14)

R3*400CL,1(0) (O)[;L;COOR?

R3*400CL, 1(0) (O)[;L;COOR?

R300CL,,1(0) OH (O)I,L;COOR™

R3*400CL, 1(0) Ol

wherein R**, X,, L, and I, are the same as defined above.
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[0086] Particularly preferably, the cyclic compound (e) is
selected from the compounds represented by the following
formula (15):
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-continued

RMO0CH,CO, OH OCH,COOR3

34,
R*MOOCH,CO Ol

herein X, and R** are the same as defined above.

[0087] R>* is more preferably an acid-dissociating func-
tional group having a structure selected from a cycloalkane
having 3 to 20 carbon atoms, lactone and an aromatic ring
having 6 to 12 carbon atoms. The cycloalkane having 3 to 20
carbon atoms may be a monocyclic or polycyclic alkane and
preferably a polycylic alkane, such as a monocycloalkane, a
bicycloalkane, a tricycloalkane, and a tetracycloalkane.
Examples thereof include a monocycloalkane such as cyclo-
propane, cyclobutane, cyclopentane, and cyclohexane, and a
polycycloalkane such as adamantane, norbornane, isobor-
nane, tricyclodecane, and tetracyclodecane, with adaman-
tane, tricyclodecane, and tetracyclodecane being preferred,
and adamantane and tricyclodecane being particularly pre-
ferred. The cycloalkane having 3 to 20 carbon atoms is
optionally substituted. Examples of the lactone include buty-
rolactone and a cycloalkane (3 to 20 carbon atoms) having a
lactone group. Example of the aromatic ring having 6 to 12
carbon atoms include benzene ring, naphthalene ring,
anthracene ring, phenanthrene ring, and pyrene ring, with
benzene ring and naphthalene ring being preferred, naphtha-
lene ring being more preferred, and an acid-dissociating func-
tional group represented by the following formula (16) being
still more preferred. The acid-dissociating functional group
improves the resolution of the resist pattern to be obtained and
reduces LER.

(16)

o

ST

-~/ )

2
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[0088] In the formula (16), R®, R, n,, n,, and n, are the
same as defined above.

[0089] The cyclic compound (e) may be also produced by a
water-eliminating condensation reaction of the cyclic com-
pound (A0) having a carboxyl group with a compound having
an alcoholic hydroxyl group.

[0090] The cyclic compound (e) may be also produced by
an ester exchange reaction between a compound having an
alcoholic hydroxyl group and a cyclic compound (AOa)
which corresponds to a compound obtained by changing the
carboxyl group of'the cyclic compound (A0) to an ester group
of'the following formula (17). The ester exchange reaction is
conducted by a known manner. The compound having an
alcoholic hydroxyl group may be a primary, secondary or
tertiary alcohol, with a secondary or tertiary alcohol being
preferred and a tertiary alcohol being particularly preferred.

an
(€]

C—O0—T7R’

[0091] In the formula (17), R*% is a linear alkyl group hav-
ing 1 to 20 carbon atoms, a branched alkyl group having 3 to
20 carbon atoms, a cycloalkyl group having 3 to 20 carbon
atoms or an aryl group having 6 to 20 carbon atoms.

[0092] Examples of the linear alkyl group having 1 to 20
carbon atoms, preferably 1 to 12 carbon atoms include methyl
group, ethyl group, n-propyl group, n-butyl group, n-pentyl
group, n-octyl group, and n-dodecyl group.

[0093] Examplesofthe branched alkyl group having 3 to 20
carbon atoms, preferably 3 to 10 carbon atoms include iso-
propyl group, t-butyl group, isopentyl group, and neopentyl
group, with t-butyl group being preferred.

[0094] The aliphatic ring of the cycloalkyl group having 3
to 20 carbon atoms, preferably 6 to 14 carbon atoms may be
monocyclic or polycyclic and preferably polycyclic.
Examples thereof include a monocycloalkane, a bicycloal-
kane, a tricycloalkane, and a tetracycloalkane, specifically,
the monocycloalkane such as cyclopropane, cyclobutane,
cyclopentane, and cyclohexane, and the polycycloalkane
such as adamantane, norbornane, isobornane, tricyclodecane,
and tetracyclodecane, with adamantane, tricyclodecane, and
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tetracyclodecane being preferred, and adamantane and tricy-
clodecane being particularly preferred.

[0095] Examples of the aryl group having 6 to 20 carbon
atoms include phenyl group, tolyl group, xylyl group, and
naphthyl group.

[0096] The cyclic compound (e) may be produced by the
reaction between the cyclic compound (A0) having a car-
boxyl group and a compound (A3) having a halomethyl ether
group. For example, the cyclic compound (A0) having a
carboxyl group is dissolved or suspended in an aprotic solvent
such as acetone, THF and propylene glycol monomethyl
ether acetate. After adding the compound (A3) having a
halomethyl ether group, the reaction is allowed to proceed
under atmospheric pressure at 0 to 110° C. for 1 to 72 hin the
presence of an alkali catalyst such as pyridine, triethylamine,
diazabicycloundecene and potassium carbonate in an amount
of'0.5 to 4 equivalent, preferably 0.9 to 1.1 equivalent, more
preferably 1.0 equivalent based on the carboxyl group of the
cyclic compound (A0). After washing with an alcohol such as
methanol, washing with water and filtering, the separated
matter is dried to obtain the cyclic compound (B0), which
may be purified by a column chromatography, etc., if neces-
sary.

[0097] The molecular weight of the cyclic compound (e) is
800 to 5000, preferably 1000 to 2500, and more preferably
1500 to 2000. Within the above ranges, the resolution is
improved while maintaining the film-forming properties
required for the resist.

Radiation-Sensitive Composition and Cyclic Compound for
Use Therein

[0098] The present invention relates to a radiation-sensitive
composition containing any of the cyclic compounds of the
formulae (1) and (a) to (e) and a solvent.

[0099] The present invention also relates to a radiation-
sensitive composition wherein the cyclic compound has a
molecular weight of 700 to 5000 and is synthesized by the
condensation reaction between a compound having 2 to 59
carbon atoms and 1 to 4 formyl groups (aldehyde compound
(A1)) and a compound having 6 to 15 carbon atoms and 1 to
3 phenolic hydroxyl groups (phenol compound (A2)).

Radiation-Sensitive Composition A

[0100] Theradiation-sensitive composition preferably con-
tains the cyclic compound (B) having at least one phenolic
hydroxyl group into which the acid-dissociating functional
group is introduced and having a molecular weight of 800 to
5000.

[0101] Namely, a preferred radiation-sensitive composi-
tion of the invention contains 1 to 80% by weight of a solid
component and 20 to 99% by weight of a solvent, wherein the
solid component contains the cyclic compound (B) in an
amount of 50 to 99.999% by weight of a total weight of the
solid component, and wherein the cyclic compound (B) has
(a) a structure which is derived by introducing the acid-dis-
sociating functional group into at least one phenolic hydroxyl
group of the cyclic compound (A) which is synthesized by a
condensation reaction of a benzaldehyde compound having 7
to 24 carbon atoms and having neither hydroxyl group nor
t-butyl group with a compound having 6 to 15 carbon atoms
and 1 to 3 phenolic hydroxyl groups and (b) a molecular
weight of 800 to 5000.

[0102] Another preferred radiation-sensitive composition
of the invention contains 1 to 80% by weight of a solid
component and 20 to 99% by weight of a solvent, wherein the
solid component contains the cyclic compound (B) in an
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amount of 50% by weight or more of a total weight of the solid
component, and wherein the cyclic compound (B) has (a) a
structure which is derived by introducing an acid-dissociating
functional group into at least one phenolic hydroxyl group of
the cyclic compound (A) which is synthesized by a conden-
sation reaction of a benzaldehyde compound having 10 to 24
carbon atoms and a substituent having an aliphatic or aro-
matic ring with a compound having 6 to 15 carbon atoms and
1to 3 phenolic hydroxyl groups and (b) a molecular weight of
800 to 5000.

[0103] The cyclic compound (B) has a structure derived by
introducing an acid-dissociating functional group into at least
one phenolic hydroxyl group of the cyclic compound (A)
which is synthesized by a condensation reaction of a benzal-
dehyde compound having 10 to 24 carbon atoms and a sub-
stituent having an aliphatic or aromatic ring or a benzalde-
hyde compound having 7 to 24 carbon atoms and having
neither hydroxyl group nor t-butyl group (each being referred
to as “aromatic carbonyl compound (A1)”) with a compound
having 6 to 15 carbon atoms and 1 to 3 phenolic hydroxyl
groups (referred to as “phenol compound (A2)”). The
molecular weight of the cyclic compound (B) is 800 to 5000.

[0104] The cyclic compound (A) is synthesized by a con-
densation reaction of at least one aromatic carbonyl com-
pound (A1) with at least one phenol compound (A2).

[0105] The aromatic carbonyl compound (A1) is a benzal-
dehyde compound having 7 to 24 carbon atoms and having
neither hydroxyl group nor t-butyl group or a benzaldehyde
compound having 10 to 24 carbon atoms and a substituent
having an aliphatic or aromatic ring. Examples thereof
include benzaldehyde, methylbenzaldehyde, dimethylben-
zaldehyde, ethylbenzaldehyde, propylbenzaldehyde, butyl-
benzaldehyde (exclusive of t-butylbenzaldehyde), ethylm-
ethylbenzaldehyde, isopropylmethylbenzaldehyde,
diethylbenzaldehyde,  anisaldehyde,  naphthaldehyde,
anthraldehyde, cyclopropylbenzaldehyde, cyclobutaneben-
zaldehyde, cyclopentanebenzaldehyde, cyclohexanebenzal-
dehyde, phenylbenzaldehyde, naphthylbenzaldehyde, ada-
mantylbenzaldehyde, norbornylbenzaldehyde,
lactylbenzaldehyde, isopropylbenzaldehyde, n-propylben-
zaldehyde, bromobenzaldehyde, and dimethylaminobenzal-
dehyde, with isopropylbenzaldehyde, n-propylbenzalde-
hyde, bromobenzaldehyde, dimethylaminobenzaldehyde,
cyclohexylbenzaldehyde, and phenylbenzaldehyde being
preferred, and cyclohexylbenzaldehyde, 4-isopropylbenzal-
dehyde and 4-n-propylbenzaldehyde being more preferred.

[0106] The aromatic carbonyl compound (A1) may include
a linear or branched alkyl group having 1 to 4 carbon atoms,
cyano group and a halogen atom as long as the effect of the
present invention is not adversely affected. The aromatic
carbonyl compound (A1) may be used alone or in combina-
tion of two or more.

[0107] Examples of the phenol compound (A2) include
phenol, catechol, resorcinol, hydroquinone, and pyrogallol,
with resorcinol and pyrogallol being preferred, and resorcinol
being more preferred. The phenol compound (A2) may
include a linear or branched alkyl group having 1 to 4 carbon
atoms, cyano group, hydroxyl group, and a halogen atom as
long as the effect of the present invention is not adversely
affected. The phenol compound (A2) may be used alone or in
combination of two or more.

[0108] The details of the cyclic compound (A) are as
described above with respect to the formulae (4), (5) and (6).
[0109] The use of two or more kinds of the aromatic car-
bonyl compounds (A1) and/or two or more kinds of the phe-
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nol compounds (A2) is preferred, because the solubility of the
cyclic compound (A) to be obtained in semiconductor safety
solvents is increased.

[0110] The cyclic compound (A) is made into an amor-
phous film by a spin coating and can be applied to a general
semiconductor production process.

[0111] The dissolving speed of the amorphous film of the
cyclic compound (A) at 23° C. in a 2.38 mass % aqueous
solution of tetramethylammonium hydroxide (TMAH) is
preferably 10 A/sec or more, more preferably 10 to 10000
A/sec, and still more preferably 100 to 1000 A/sec. Ifbeing 10
A/sec or more, the amorphous film dissolves in an alkali
developing solution to form a resist pattern. If being 10000
A/sec or less, the resolution may be improved in some cases.
In addition, LER and the number of defects are reduced.
[0112] The acid-dissociating functional group is suitably
selected from those proposed as the groups for hydroxysty-
rene resins and (meth)acrylic acid resins which are used in the
chemical-amplified resist composition for KrF and ArF.
Examples thereof include a substituted methyl group, a
1-substituted ethyl group, a 1-substituted n-propyl group, a
1-branched alkyl group, silyl group, an acyl group, a 1-sub-
stituted alkoxymethyl group, a cyclic ether group, and an
alkoxycarbonyl group. An acid-dissociating functional group
having no crosslinkable functional group is preferred.
[0113] The molecular weight of the cyclic compound (B) is
800 to 5000, preferably 800 to 2000, and more preferably
1000 to 2000. Within the above ranges, the resolution is
improved while maintaining the film-forming properties nec-
essary for the resists.

[0114] The cyclic compound of the invention may be a
cis-isomer, a trans-isomer or a mixture thereof. In view of
forming a highly uniform resist film, an isomerically pure
compound consisting of one of the cis-isomer and the trans-
isomer is preferred for the resist component of a radiation-
sensitive composition. The cyclic compound of only one of
the cis-isomer and the trans-isomer may be obtained by a
known method, for example, the separation by column chro-
matography and preparative liquid chromatography and the
optimization of the reaction solvent, reaction temperature,
etc.

[0115] In an embodiment of the present invention, the
cyclic compound (B) is preferably represented by the follow-
ing formula (18):

(18)

LR,

wherein R* is hydrogen atom, an alkyl group having 1 to 20
carbon atoms (exclusive of t-butyl group), a cycloalkyl group
having 3 to 20 carbon atoms, an aryl group having 6 to 20
carbon atoms, an alkoxyl group having 1 to 20 carbon atoms,
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cyano group, nitro group, a heterocyclic group, a halogen
atom, carboxyl group, an alkylsilyl group having 1 to 20
carbon atoms, and a functional group selected from deriva-
tives of the preceding groups, L, R*, R and p are the same as
defined in the formula (1), and at least one R' is an acid-
dissociating functional group.

[0116] The cyclic compound (B) is preferably represented
by the following formula (19) or (19-0), and more preferably
represented by the following formula (19-1) or (10-0-1):

(19)

IR,
wherein L, R', R* and p are the same as defined above;

(19-0)

(R4/)p ( RIO{M

wherein R', R*, p and m are the same as defined above;

(10-0-1)
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-continued -continued
1

and

(19-1)

wherein R', R* and p are the same as defined above.

[0117] More preferably, the cyclic compound (B) is
selected from the compounds represented by the following
formula (20) or (21):

20)
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-continued

wherein R” is the same as defined in the formula (18).
[0118] In the formulae (20) and (21), R' is independently
hydrogen atom or an acid-dissociating functional group
selected from the group consisting of a substituted methyl
group having 2 to 20 carbon atoms, a 1-substituted ethyl
group having 3 to 20 carbon atoms, a 1-substituted n-propyl
group having 4 to 20 carbon atoms, a 1-branched alkyl group
having 3 to 20 carbon atoms, a silyl group having 1 to 20
carbon atoms, an acyl group having 2 to 20 carbon atoms, a
1-substituted alkoxyalkyl group having 2 to 20 carbon atoms,
a cyclic ether group having 2 to 20 carbon atoms, and an
alkoxycarbonyl group and alkoxycarbonylalkyl group each
having 2 to 20 carbon atoms. At least one R' is preferably the
acid-dissociating functional group.

[0119] Thedetails of the acid-dissociating functional group
selected from the group consisting of the substituted methyl
group, the 1-substituted ethyl group having 3 to 20 carbon
atoms, the 1-substituted n-propyl group having 4 to 20 carbon
atoms, the 1-branched alkyl group having 3 to 20 carbon
atoms, the silyl group having 1 to 20 carbon atoms, the acyl
group having 2 to 20 carbon atoms, the 1-substituted alkoxy-
alkyl group having 2 to 20 carbon atoms, the cyclic ether
group having 2 to 20 carbon atoms, and the alkoxycarbonyl
group and alkoxycarbonylalkyl group each having 2 to 20
carbon atoms are the same as described above.

[0120] Of the above acid-dissociating functional groups,
preferred are the substituted methyl group, the 1-substituted
ethyl group, the 1-substituted alkoxymethyl group, the cyclic
ether group, the alkoxycarbonyl group, and the alkoxycarbo-
nylalkyl group; more preferred are the substituted methyl
group, the 1-substituted ethyl group, the alkoxycarbonyl
group and the alkoxycarbonylalkyl group because a high
sensitivity is obtained; and still more preferred are acid-dis-
sociating functional groups having a structure selected from a
cycloalkane having 3 to 12 carbon atoms, lactone and an
aromatic ring having 6 to 12 carbon atoms. The cycloalkane
having 3 to 12 carbon atoms may be a monocyclic or poly-
cyclic compound such as a monocycloalkane, a bicycloal-
kane, a tricycloalkane, and a tetracycloalkane, and preferably
apolycyclic compound. Examples thereof include the mono-
cycloalkane such as cyclopropane, cyclobutane, cyclopen-
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tane, and cyclohexane, and the polycycloalkane such as ada-
mantane, norbornane, isobornane, tricyclodecane, and
tetracyclodecane, with adamantane, tricyclodecane, and tet-
racyclodecane being preferred and adamantane and tricyclo-
decane being particularly preferred. The cycloalkane having
310 12 carbon atoms may have a substituent. Examples of the
lactone include butyrolactone and a cycloalkane having 3 to
12 carbon atoms and a lactone group. Examples of the aro-
matic ring having 6 to 12 carbon atoms include benzene ring,
naphthalene ring, anthracene ring, phenanthrene ring, and
pyrene ring, with benzene ring and naphthalene ring being
preferred, and naphthalene ring being particularly preferred.
[0121] The acid-dissociating functional group represented
by the following formula (22) is particularly preferred
because a high resolution is obtained.

) )

o o

o/ @

22)

RS

d /
%\4: (RS2
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-continued

[0122] Inthe formula (22), R’ is hydrogen atom or a linear
or branched alkyl group having 1 to 4 carbon atoms; R is
hydrogen atom, a linear or branched alkyl group having 1 to
4 carbon atoms, cyano group, intro group, a heterocyclic
group, a halogen atom, or carboxyl group; n, is an integer of
0to 4; n, is an integer of 1 to 5; and n,, is an integer of 0 to 4.

[0123] In the cyclic compound (B), the ratio of the number
of halogen atoms to the total number of constituent atoms is
preferably 0.1 to 60%, more preferably 0.1 to 40%, still more
preferably 0.1 to 20%, particularly preferably 0.1 to 10%, and
most preferably 1 to 5%. Within the above ranges, the film-
forming properties can be maintained while increasing the
sensitivity to radiation. In addition, the solubility in safety
solvents is increased.

[0124] Theratio ofthe number of nitrogen atoms to the total
number of constituent atoms is preferably 0.1 to 40%, more
preferably 0.1 to 20%, still more preferably 0.1 to 10%, and
particularly preferably 0.1 to 5%. Within the above ranges,
the film-forming properties can be maintained while reducing
the line edge roughness of the resist pattern to be obtained.
The nitrogen atom constituting a secondary or tertiary amine
is preferred and the nitrogen atom constituting a tertiary
amine is more preferred.

[0125] The acid-dissociating group referred to in the
present invention is a characteristic group which generates an
alkali-soluble group by dissociation in the presence of an
acid. Examples of the alkali-soluble group include phenolic
hydroxyl group, carboxyl group, sulfonic acid group, and
hexafluoroisopropyl group, with the phenolic hydroxyl group
and carboxyl group being preferred and the phenolic
hydroxyl group being particularly preferred. To form a pat-
tern with a high sensitivity and resolution, it is preferred that
the acid-dissociating group is successively dissociated in the
presence of acid.

[0126] Irrespective of its low molecular weight, the cyclic
compound (B) of the formula (20) or (21) is excellent in the
film-forming properties, heat resistance, and dry-etching
resistance and is of low outgas, therefore, preferably used as
aresist component of a radiation-sensitive composition. With
a radiation-sensitive composition containing the cyclic com-
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pound (B) of the formula (20) or (21), ahigh resolution, a high
sensitivity, and a small line edge roughness are obtained.
[0127] The cyclic compound (B) may be used as the main
component of a positive-type radiation-sensitive composition
or may be added to a radiation-sensitive composition as an
additive for increasing the sensitivity and etching resistance
in place of using as the main component. When used as an
additive, the cyclic compound (B) is used in an amount of 1 to
49.999% by weight of the total weight of the solid compo-
nent.

[0128] The cyclic compound (B) is made into an amor-
phous film by a spin coating and applicable to a general
semiconductor production process.

[0129] An acid-non-dissociating functional group may be
introduced into at least one phenolic hydroxyl group of the
cyclic compound (B), as long as the effect of the present
invention is not adversely affected. The acid-non-dissociating
functional group is a characteristic group which is not disso-
ciated in the presence of acid, thereby failing to generate an
alkali-soluble group. Examples thereof include a group
which is not dissociated by the action of acid such as a C,_,,
alkyl group, a C;_,, cycloalkyl group, a C, ,, aryl group, a
C, o alkoxyl group, cyano group, nitro group, hydroxyl
group, a heterocyclic group, a halogen atom, carboxyl group,
a C, ,, alkylsilyl group, and functional groups derived from
derivatives of the preceding groups.

[0130] A naphthoquinonediazido ester group may be intro-
duced into at least one phenolic hydroxyl group of the cyclic
compound (B). The cyclic compound (B) having at least one
phenolic hydroxyl group into which the naphthoquinonedi-
azido ester group is introduce may be used as the main com-
ponent of a positive-type radiation-sensitive composition, or
may be added to a radiation-sensitive composition as an acid
generator or additive.

[0131] An acid-generating functional group which gener-
ates an acid upon the irradiation with radiation may be intro-
duced into at least one phenolic hydroxyl group of the cyclic
compound (B). The cyclic polyphenol compound obtained by
introducing the acid-generating functional group into at least
one phenolic hydroxyl group of the cyclic compound (B) may
be used as the main component of a positive-type radiation-
sensitive composition, or may be added to a radiation-sensi-
tive composition as an acid generator or additive.

[0132] The dissolving speed of the amorphous film of the
cyclic compound (B) in a 2.38 mass % aqueous solution of
TMAH at 23° C. is preferably 5 A/sec or less, more preferably
0.05 to 5 A/sec, and still more preferably 0.0005 to 5 A/sec. If
being 5 A/sec or less, the amorphous film is insoluble in an
alkali developing solution to form a resist. If being 0.0005
A/sec or more, the resolution may be improved in some cases.
This may be because that the micro surface of the cyclic
compound (B) is dissolved to reduce LER. In addition, the
number of defects is reduced.

[0133] It is preferred that the cyclic compound (A) gener-
ated by the dissociation of the acid-dissociating functional
group of the cyclic compound (B) is also capable of forming
an amorphous film by a spin coating. The dissolving speed of
the amorphous film of the cyclic polyphenol compound (A) in
a 2.38 mass % aqueous solution of TMAH at 23° C. is pref-
erably 10 A/sec or more, more preferably 10 to 10000 A/sec,
and still more preferably 100 to 1000 A/sec. If being 10 A/sec
or more, the amorphous film dissolves in an alkali developing
solution to form a resist pattern. If being 10000 A/sec or less,
the resolution may be improved in some cases. This may be
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because that the contrast at the interface between the exposed
portion soluble in an alkali developing solution and the non-
exposed portion insoluble in an alkali developing solution is
enhanced by the change of solubility due to the dissociation of
the acid-dissociating functional group of the cyclic com-
pound (B). In addition, LER and the number of defects are
reduced.

[0134] The solid component of the radiation-sensitive com-
position is made into an amorphous film by a spin coating.
The dissolving speed of the amorphous film of the solid
component of the radiation-sensitive composition in a 2.38
mass % aqueous solution of TMAH at 23° C. is preferably 5
A/sec or less. After exposing the amorphous film to a radia-
tion such as KrF excimer lasers, extreme ultraviolet rays,
electron beams and X-rays in a desired pattern and optionally
heating at 20 to 250° C., the dissolving speed of the treated
amorphous film in a 2.38 mass % aqueous solution of TMAH
at 23° C. is preferably 10 A/sec or more. By satisfying the
above requirements, a pattern with a good shape can be
obtained in good yields.

[0135] The radiation-sensitive composition of the inven-
tion comprises preferably 1 to 80% by weight of the solid
component and 20 to 99% by weight of the solvent, more
preferably 1 to 50% by weight of the solid component and the
50 to 99% by weight of the solvent, still more preferably 2 to
40% by weight of the solid component and 60 to 98% by
weight of the solvent, and particularly preferably 2 to 10% by
weight of the solid component and 90 to 98% by weight of the
solvent. The content of the cyclic compound (B) is 50% by
weight or more, preferably 65% by weight or more, and more
preferably 81% by weight or more, each based on the total
weight of the solid component. Within the above ranges, a
high resolution is obtained and the line edge roughness is
reduced.

[0136] The composition of the invention preferably con-
tains at least one kind of acid generator (C) which generates
an acid directly or indirectly by the irradiation with radiation
which is selected from visible lights, ultraviolet rays, excimer
lasers, electron beams, extreme ultraviolet rays (EUV),
X-rays, and ion beams. The amount of the acid generator (C)
to be used is preferably 0.001 to 50% by weight, more pref-
erably 1 to 40% by weight, and still more preferably 3 to 30%
by weight based on the total weight of the solid component
(total of the cyclic polyphenol compound (B) and the optional
solid component such as the acid generator (C), low molecu-
lar weight solubilizer (D), acid-diffusion controller (E) and
other components (F), the same being applied below). Within
the above ranges, a high sensitivity and a pattern profile with
a small line edge roughness is obtained. In the present inven-
tion, the acid can be generated by any method as long as the
acid is suitably generated within the system. The use of exci-
mer lasers in place of ultraviolet rays such as g-rays and i-rays
enables a finer processing. If high-energy rays such as elec-
tron beams, extreme ultraviolet rays, X-rays and ion beams
are used, the resist composition can be still more finely pro-
cessed.

[0137] The acid generator (C) is preferably at least one
compound selected from the group consisting of the com-
pounds represented by the following formulae (23-1) to (23-
8).

Jul. 5,2012

(23-1)

Rl3 Rl3
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[0138] In the formula (23-1), plural R'? are the same or
different, and each independently hydrogen atom, a linear,
branched or cyclic alkyl group, a linear, branched or cyclic
alkoxy group, hydroxyl group or a halogen atom; and X~ is a
sulfonic acid ion having an alkyl group, an aryl group, a
haloalkyl group or a haloaryl group or a halide ion.

[0139] The compound ofthe formula (23-1) is preferably at
least one compound selected from the group consisting of
triphenylsulfonium trifluoromethanesulfonate, triphenylsul-
fonium nonafluoro-n-butanesulfonate, diphenyltolylsulfo-
nium nonafluoro-n-butanesulfonate, triphenylsulfonium per-
fluoro-n-octanesulfonate, diphenyl-4-
methylphenylsulfonium trifftuoromethanesulfonate, di-2,4,6-
trimethylphenylsulfonium triffuoromethanesulfonate,
diphenyl-4-t-butoxyphenylsulfonium triffuoromethane-
sulfonate, diphenyl-4-t-butoxyphenylsulfonium nonafluoro-
n-butanesulfonate, diphenyl-4-hydroxyphenylsulfonium tri-
fluoromethanesulfonate, bis(4-fluorophenyl)-4-
hydroxyphenylsulfonium trifluoromethanesulfonate,
diphenyl-4-hydroxyphenylsulfonium nonafluoro-n-butane-
sulfonate, bis(4-hydroxyphenyl)-phenylsulfonium trifluo-
romethanesulfonate, tri(4-methoxyphenyl)sulfonium trifluo-
romethanesulfonate, tri(4-fluorophenyl)sulfonium
trifluoromethanesulfonate, triphenylsulfonium p-toluene-
sulfonate, triphenylsulfonium benzenesulfonate, diphenyl-2,
4,6-trimethylphenyl-p-toluenesulfonate, diphenyl-2.4,6-tri-
methylphenylsulfonium 2-trifluoromethylbenzenesulfonate,
diphenyl-2.4,6-trimethylphenylsulfonium 4-triffuoromethyl-
benzenesulfonate, diphenyl-2.4,6-trimethylphenylsulfonium
2,4-difluorobenzenesulfonate, diphenyl-2.4,6-trimethylphe-
nylsulfonium hexafluorobenzenesulfonate, diphenylnaphth-
ylsulfonium trifluoromethanesulfonate, diphenyl-4-hydrox-
yphenylsulfonium p-toluenesulfonate, triphenylsulfonium
10-camphorsulfonate, diphenyl-4-hydroxyphenylsulfonium
10-camphorsulfonate, and cyclo(1,3-perfluoropropanedisul-
fon)imidate.

(23-2)
R14 Rl4
RM\/:|_ X _|=\/R14
T
Rl4<\/\\_‘/>7 \ /<> R4

[0140] In the formula (23-2), plural R'* are the same or
different, and each independently hydrogen atom, a linear,
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branched or cyclic alkyl group, a linear, branched or cyclic
alkoxy group, hydroxyl group or a halogen atom, and X~ is
the same as defined above.

[0141] The compound ofthe formula (23-2) is preferably at
least one compound selected from the group consisting of
bis(4-t-butylphenyl)iodonium trifluoromethanesulfonate, bis
(4-t-butylphenyl)iodonium  nonafluoro-n-butanesulfonate,
bis(4-t-butylphenyl)iodonium perfluoro-n-octanesulfonate,
bis(4-t-butylphenyl)iodonium p-toluenesulfonate, bis(4-t-
butylphenyl)iodonium benzenesulfonate, bis(4-t-butylphe-
nyl)iodonium 2-trifluoromethylbenzenesulfonate, bis(4-t-
butylphenyl)iodonium  4-trifluoromethylbenzenesulfonate,
bis(4-t-butylphenyl)iodonium 2,4-difluorobenzenesulfonate,
bis(4-t-butylphenyl)iodonium hexafluorobenzenesulfonate,
bis(4-t-butylphenyl)iodonium 10-camphorsulfonate, diphe-
nyliodonium trifluoromethanesulfonate, diphenyliodonium
nonafluoro-n-butanesulfonate, diphenyliodonium pertluoro-
n-octanesulfonate, diphenyliodonium p-toluenesulfonate,
diphenyliodonium benzenesulfonate, diphenyliodonium
10-camphorsulfonate, diphenyliodonium 2-triffuoromethyl-
benzenesulfonate, diphenyliodonium 4-trifluoromethylben-
zenesulfonate, diphenyliodonium  2,4-difluorobenzene-
sulfonate, diphenyliodonium hexafluorobenzenesulfonate,
di(4-trifluoromethylphenyl)iodonium triffuoromethane-
sulfonate, di(4-trifluoromethylphenyl)iodonium nonafluoro-
n-butanesulfonate, di(4-trifluoromethylphenyl)iodonium
perfluoro-n-octanesulfonate, di(4-trifluoromethylphenyl)io-
donium p-toluenesulfonate, di(4-trifluoromethylphenyl)io-
donium benzenesulfonate, and di(4-trifluoromethylphenyl)
iodonium 10-camphorsulfonate.

(23-3)
o
ﬂ ﬁ
TN A DhIs
Q\C/N o ﬁ R
I 0
o

[0142] In the formula (23-3), Q is an alkylene group, an
arylene group or an alkoxylene group, and R'® is an alkyl
group, an aryl group, a haloalkyl group or a haloaryl group.
[0143] The compound ofthe formula (23-3) is preferably at
least one compound selected from the group consisting of
N-(trifluoromethylsulfonyloxy)succinimide, N-(trifluorom-
ethylsulfonyloxy)phthalimide, N-(triffuoromethylsulfony-
loxy)diphenylmaleimide, N-(trifluoromethylsulfonyloxy)bi-
cyclo[2.2.1]hept-5-ene-2,3-dicarboximide,
N-(trifluoromethylsulfonyloxy)naphthylimide, N-(10-cam-
phorsulfonyloxy)succinimide, N-(10-camphorsulfonyloxy)
phthalimide, N-(10-camphorsulfonyloxy)diphenylmaleim-
ide, N-(10-camphorsulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,
3-dicarboximide, N-(10-camphorsulfonyloxy)
naphthylimide, N-(n-octanesulfonyloxy)bicyclo[2.2.1]hept-
5-ene-2,3-dicarboximide, N-(n-octanesulfonyloxy)
naphthylimide, N-(p-toluenesulfonyloxy)bicyclo[2.2.1]
hept-5-ene-2,3-dicarboximide,  N-(3-toluenesulfonyloxy)
naphthylimide, N-(2-trifluoromethylbenzenesulfonyloxy)
bicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, N-(2-
trifluoromethylbenzenesulfonyloxy)naphthylimide, N-(4-
trifluoromethylbenzenesulfonyloxy)bicyclo[2.2.1 |hept-5-
ene-2,3-dicarboximide, N-(4-
trifluoromethylbenzenesulfonyloxy)naphthylimide,
N-(perfluorobenzenesulfonyloxy)bicyclo[2.2.1]hept-5-ene-
2,3-dicarboximide, N-(perfluorobenzenesulfonyloxy)naph-
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thylimide, N-(1-naphthalenesulfonyloxy)bicyclo[2.2.1]
hept-5-ene-2,3-dicarboximide, N-(1-
naphthalenesulfonyloxy)naphthylimide, N-(nonafluoro-n-
butanesulfonyloxy )bicyclo[2.2.1]hept-5-ene-2,3-
dicarboximide, N-(nonafluoro-n-butanesulfonyloxy)
naphthylimide, N-(perfluoro-n-octanesulfonyloxy)bicyclo
[2.2.1]hept-5-ene-2,3-dicarboximide, and N-(perfluoro-n-
octanesulfonyloxy)naphthylimide.

(23-4)
O O

R!6—S—8—RI®

O O

[0144] In the formula (23-4), plural R'¢ are the same or
different, and each independently an optionally substituted
linear, branched or cyclic alkyl group, an optionally substi-
tuted aryl group, an optionally substituted heteroaryl group or
an optionally substituted aralkyl group.

[0145] The compound ofthe formula (23-4) is preferably at
least one compound selected from the group consisting of
diphenyl disulfone, di(4-methylphenyl)disulfone, dinaphthyl
disulfone, di(4-tert-butylphenyl)disulfone, di(4-hydroxyphe-
nyl)disulfone, di(3-hydroxynaphthyl)disulfone, di(4-fluo-
rophenyl)disulfone, di(2-fluorophenyl)disulfone, and di(4-
trifluoromethylphenyl)disulfone.

(23-5)

[0146] In the formula (23-5), plural R'7 are the same or
different, and each independently an optionally substituted
linear, branched or cyclic alkyl group, an optionally substi-
tuted aryl group, an optionally substituted heteroaryl group or
an optionally substituted aralkyl group.

[0147] The compound of the formula (23-5) is at least one
compound selected from the group consisting of a.-(methyl-
sulfonyloxyimino)phenylacetonitrile,  o-(methylsulfony-
loxyimino)-4-methoxyphenylacetonitrile, a-(trifluorometh-
ylsulfonyloxyimino)phenylacetonitrile,
a-(trifluoromethylsulfonyloxyimino)-4-methoxyphenylac-
etonitrile, a-(ethylsulfonyloxyimino)-4-methoxyphenylac-
etonitrile, o~(propylsulfonyloxyimino)-4-methylphenylac-
etonitrile, and a-(methylsulfonyloxyimino)-4-
bromophenylacetonitrile.

(23-6)

[0148] In the formula (23-6), plural R'® are the same or
different, and each independently a haloalkyl group having
one or more chlorine atoms and one or more bromine atoms.
The haloalkyl group preferably has 1 to 5 carbon atoms.



US 2012/0171379 Al
. (23-7)
(LIQO)p Y
4
<> \ JlQ_(lj_YIQ
I
R, = Y
N (23-8)
L),
4 20
N
/ X20
R0}, =
[0149] In the formulae (23-7) and (23-8), R*® and R*° are

each independently an alkyl group having 1 to 3-carbon
atoms such as methyl group, ethyl group, n-propyl group, and
isopropyl group; a cycloalkyl group such as cyclopentyl
group and cyclohexyl group; an alkoxy group having 1 to 3
carbon atoms such as methoxy group, ethoxy group, and
propoxy group; or an aryl group such as phenyl group, tolyl
group, and naphthyl group, preferably an aryl group having 6
to 10 carbon atoms. L'® and L?° are each independently an
organic group having a 1,2-naphthoquinonediazido group,
preferred examples thereof including 1,2-quinonediazidosul-
fonyl groups such as 1,2-naphthoquinonediazido-4-sulfonyl
group, 1,2-naphthoquinonediazido-5-sulfonyl group, and
1,2-naphthoquinonediazido-6-sulfonyl group, with 1,2-
naphthoquinonediazido-4-sulfonyl group and 1,2-naphtho-
quinonediazido-5-sulfonyl group being particularly pre-
ferred. Subscript p is an integer of 1 to 3, and q is an integer of
0to 4, satisfying 1=p+q=5. ' is a single bond, a polymeth-
ylene group having 1 to 4 carbon atoms, a cycloalkylene
group, phenylene group, or a group represented by the fol-
lowing formula (23-7-1); Y'° is hydrogen atom, an alkyl
group or an aryl group; and each X*° is independently a group
represented by the following formula (23-8-1).

(23-7-1)
N
QT_
CH;

(23-8-1)
\// \/\(Rzz)r
4 A\ OH
c—z*
ZZZ ZZZ

[0150] In the formula (23-8-1), each Z*? is independently
an alkyl group, a cycloalkyl group or an aryl group, R** is an
alkyl group, a cycloalkyl group or an alkoxy group, and ris an
integer of 0 to 3.

[0151] Examples of other acid generators include bissulfo-
nyldiazomethanes such as bis(p-toluenesulfonyl)diaz-
omethane, bis(2,4-dimethylphenylsulfonyl)diazomethane,
bis(tert-butylsulfonyl)diazomethane,  bis(n-butylsulfonyl)
diazomethane, bis(isobutylsulfonyl)diazomethane, bis(iso-
propylsulfonyl)diazomethane,  bis(n-propylsulfonyl)diaz-
omethane,  bis(cyclohexylsulfonyl)diazomethane,  bis
(isopropylsulfonyl)diazomethane, 1,3-bis
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(cyclohexylsulfonylazomethylsulfonyl)propane, 1,4-bis
(phenylsulfonylazomethylsulfonyl)butane, 1,6-bis
(phenylsulfonylazomethylsulfonyl)hexane, and 1,10-bis

(cyclohexylsulfonylazomethylsulfonyl)decane; and
halotriazine derivatives such as 2-(4-methoxyphenyl)-4,6-
(bistrichloromethyl)-1,3,5-triazine, 2-(4-methoxynaphthyl)-
4,6-(bistrichloromethyl)-1,3,5-triazine, tris(2,3-dibromopro-

pyD)-1,3,5-triazine, and tris(2,3-dibromopropyl)
isocyanurate.
[0152] Of the above acid generators, preferred is an acid

generator having an aromatic ring, and more preferred is an
acid generator represented by the formula (23-1) or (23-2).
Still more preferred is an acid generator of the formula (23-1)
or (23-2) wherein X~ is a sulfonic acid ion having an aryl
group or a haloaryl group, still further more preferred is an
acid generator having a sulfonic acid ion having an aryl
group, and particularly preferred is diphenyltrimethylphenyl-
sulfonium p-toluenesulfonate, triphenylsulfonium p-toluene-
sulfonate, triphenylsulfonium trifluoromethanesulfonate,
triphenylsulfonium nonafluoromethanesulfonate. The use of
such acid generators reduces LER.

[0153] The acid generator (C) may be used alone or in
combination of two or more.

[0154] The low molecular weight solubilizer (D)
adequately increases the dissolving speed of the cyclic com-
pound (B) in an alkali or other developing solutions by
increasing the solubility, if the solubility is excessively low,
and may be used as long as the effect of the invention is not
adversely affected. Examples of the solubilizer include low
molecular weight phenol compounds such as bisphenols and
tristhydroxyphenyl)methane. The solubilizer may be used
alone or in combination of two or more. The blending amount
of'the solubilizer varies depending upon the kind of the cyclic
compound (B), and the solubilizer is blended so that the total
weight of the cyclic compound (B) and the low molecular
weight solubilizer (D) is 50 to 99.999% by weight, preferably
60 to 99% by weight, more preferably 70 to 99% by weight,
and still more preferably 80 to 99% by weight, each based on
the total weight of the solid component.

[0155] The low molecular weight solubilizer (D) is prefer-
ably selected from the cyclic compounds (A) mentioned
above. Considering its low molecular weight, the cyclic com-
pound (A) is highly heat-resistant, highly amorphous, and
highly compatible with the cyclic compound (B), and pro-
vides a uniform resist film with a high resolution and small
LER. The cyclic compound (A) for use as the low molecular
weight solubilizer (D) is preferably the same as the cyclic
compound (A) which is used to produce the cyclic compound
(B), because the compatibility between the cyclic compound
(B) and the low molecular weight solubilizer (D) is more
enhanced to enable the formation of a more uniform resist
film with a high resolution and small LER.

[0156] The radiation-sensitive composition may contain an
acid-diffusion controller (E) which prevents the undesirable
chemical reactions in the unexposed areas by controlling the
diffusion of the acid, which is generated from the acid gen-
erator upon the irradiation of radiation, throughout the resist
film. Using the acid-diffusion controller (E), the resolution is
improved and the change of line width of resist patterns due to
the change in the process time-delay before the irradiation of
electron beams and the change in the process time-delay after
the irradiation of electron beams is prevented, to ensure the
stable production. In addition, the storage stability of the
radiation-sensitive composition is improved. Examples of the
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acid-diffusion controller (E) include basic compounds
decomposable by the irradiation of electron beams such as
nitrogen-containing basic compounds, basic sulfonium com-
pounds, and basic iodonium compounds. The acid-diffusion
controller may be used alone or in combination of two or
more.

[0157] The acid-diffusion controller may be a nitrogen-
containing compound or a basic compound which is decom-
posable upon the exposure to lights. Examples of the nitro-
gen-containing compound include a compound of the
formula (24) (nitrogen-containing compound (I)):

(24)

a diamino compound having two nitrogen atoms in its mol-
ecule (nitrogen-containing compound (II)), a polyamino
compound having three or more nitrogen atoms or its polymer
(nitrogen-containing compound (I1I)), an amido group-con-
taining compound, an urea compound, and a nitrogen-con-
taining heterocyclic compound. The acid-diffusion controller
may be used alone or in combination of two or more.

[0158] Inthe formula (24), R®', R and R® are each inde-
pendently hydrogen atom, a linear, branched or cyclic alkyl
group, an aryl group, or an aralkyl group. The alkyl group,
aryl group, and aralkyl group may be non-substituted or sub-
stituted by another functional group such as hydroxyl group.
The linear, branched or cyclic alkyl group has 1 to 15 carbon
atoms and preferably 1 to 10 carbon atoms. Examples thereof
include methyl group, ethyl group, n-propyl group, isopropyl
group, n-butyl group, isobutyl group, sec-butyl group, t-butyl
group, n-pentyl group, neopentyl group, n-hexyl group,
thexyl group, n-heptyl group, n-octyl group, n-ethylhexyl
group, n-nonyl group, and n-decyl group. The aryl group may
include a C4_, , group such as phenyl group, tolyl group, xylyl
group, cumenyl group, and 1-naphthyl group. The aralkyl
group may include a C,_, group, preferably a C,_,; group
such as benzyl group, a-methylbenzyl group, phenethyl
group, and naphthylmethyl group.

[0159] Examples of the nitrogen-containing compound (1)
include mono(cyclo)alkylamines such as n-hexylamine,
n-heptylamine, n-octylamine, n-nonylamine, n-decylamine,
n-dodecylamine, and cyclohexylamine; di(cyclo)alky-
lamines such as di-n-butylamine, di-n-pentylamine, di-n-
hexylamine, di-n-heptylamine, di-n-octylamine, di-n-nony-
lamine, di-n-decylamine, methyl-n-dodecylamine, di-n-
dodecylmethyl, cyclohexylmethylamine, and
dicyclohexylamine; tri(cyclo)alkylamines such as triethy-
lamine, tri-n-propylamine, tri-n-butylamine, tri-n-penty-
lamine, tri-n-hexylamine, tri-n-heptylamine, tri-n-octy-
lamine, tri-n-nonylamine, tri-n-decylamine, dimethyl-n-
dodecylamine, di-n-dodecylmethylamine,
dicyclohexylmethylamine, and tricyclohexylamine; alkano-
lamines such as monoethanolamine, diethanolamine, and tri-
ethanolamine; and aromatic amines such as aniline, N-me-
thylaniline, N,N-dimethylaniline, 2-methylaniline,
3-methylaniline, 4-methylaniline, 4-nitroaniline, dipheny-
lamine, triphenylamine, and 1-naphthylamine.

[0160] Examples of the nitrogen-containing compound (II)
include ethylenediamine, N,N,N',N'-tetramethylethylenedi-
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amine, NLN,N',N'-tetrakis(2-hydroxypropypethylenedi-
amine, tetramethylenediamine, hexamethylenediamine, 4,4'-
diaminodiphenylmethane, 4,4'-diaminodiphenyl ether, 4,4'-
diaminobenzophenone, 4,4'-diaminodiphenylamine, 2,2-bis
(4-aminophenyl)propane, 2-(3-aminophenyl)-2-(4-

aminophenyl)propane, 2-(4-aminophenyl)-2-(3-
hydroxyphenyl)propane, 2-(4-aminophenyl)-2-(4-
hydroxyphenyl)propane, 1,4-bis[1-(4-aminophenyl)-1-
methylethyl]benzene, and 1,3-bis[1-(4-aminophenyl)-1-
methylethyl]benzene.

[0161] Examples of the nitrogen-containing compound
(III) include polyethyleneimine, polyarylamine, and polymer
of N-(2-dimethylaminoethyl)acrylamide.

[0162] Examples of the amido group-containing com-
pound include formamide, N-methylformamide, N,N-dim-
ethylformamide, acetamide, N-methylacetamide, N,N-dim-
ethylacetamide, propionamide, benzamide, pyrrolidone, and
N-methylpyrrolidone.

[0163] Examples of the urea compound include urea,
methylurea, 1,1-dimethylurea, 1,3-dimethylurea, 1,1,3,3-tet-
ramethylurea, 1,3-diphenylurea, and tri-n-butylthiourea.
[0164] Examples of the nitrogen-containing heterocyclic
compound include imidazoles such as imidazole, benzimida-
zole, 4-methylimidazole, 4-methyl-2-phenylimidazole, and
2-phenylbenzimidazole; pyridines such as pyridine, 2-meth-
ylpyridine, 4-methylpyridine, 2-ethylpyridine, 4-ethylpyri-
dine, 2-phenylpyridine, 4-phenylpyridine, 2-methyl-4-phe-
nylpyridine, nicotine, nicotinic acid, nicotinic amide,
quinoline, 8-oxyquinoline, and acridine; and pyrazine, pyra-
zole, pyridazine, quinoxaline, purine, pyrrolidine, piperidine,
morpholine, 4-methylmorpholine, piperazine, 1,4-dimeth-
ylpiperazine, and 1,4-diazabicyclo[2.2.2]octane.

[0165] Examples of the basic compound which is decom-
posable upon the exposure to lights include the sulfonium
compounds represented by the following formula (25-1):

(25-1)

and the iodonium compounds represented by the following
formula (25-2):

R74 — R75.
_/ - L/

[0166] In the formulae (25-1) and (25-2), R”*, R7*, R™,
R™, and R”’ are each independently hydrogen atom, a C,
alkyl group, a C,_, alkoxyl group, hydroxyl group or a halo-
gen atom. Z~ is HO™, R—OOO™ wherein R is a C, 4 alkyl

(25-2)
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group, a C, ¢ aryl group or a C,_¢ alkaryl group, or an anion
represented by the following formula (25-3):

(25-3)
oH

COO".

[0167] Examples of the basic compound which is decom-
posable upon the exposure to lights include triphenylsulfo-
nium hydroxide, triphenylsulfonium acetate, triphenylsulfo-
nium  salicylate,  diphenyl-4-hydroxyphenylsulfonium
hydroxide, diphenyl-4-hydroxyphenylsulfonium acetate,
diphenyl-4-hydroxyphenylsulfonium salicylate, bis(4-t-bu-
tylphenyl)iodonium hydroxide, bis(4-t-butylphenyl)iodo-
nium acetate, bis(4-t-butylphenyl)iodonium hydroxide, bis
(4-t-butylphenyl)iodonium acetate, bis(4-t-butylphenyl)
iodonium salicylate, 4-t-butylphenyl-4-
hydroxyphenyliodonium  hydroxide, 4-t-butylphenyl-4-
hydroxyphenyliodonium acetate, and 4-t-butylphenyl-4-
hydroxyphenyliodonium salicylate.

[0168] The blending amount of the acid-diffusion control-
ler (E) is preferably 0 to 10% by weight, more preferably
0.001 to 5% by weight, and still more preferably 0.001 to 3%
by weight, each based on the total weight of the solid com-
ponent. Within the above ranges, the lowering of resolution
and the deterioration of pattern profiles and dimension accu-
racy are prevented. In addition, the unfavorable change of the
upper profile of pattern is prevented even if the process time
delay between the irradiation of radiation and the post-irra-
diation heating is prolonged. If being 10% by weight or less,
the sensitivity and developability of the unexposed area can
be prevented from being reduced. Further, the use of the
acid-diffusion controller improves the storage stability of the
radiation-sensitive composition, improves the sensitivity, and
prevents the change of line width of resist patterns due to the
change in the process time delay before the irradiation of
electron beams and the change in the process time delay after
the irradiation of electron beams, to ensure the stable produc-
tion.

[0169] The radiation-sensitive composition of the inven-
tion may contain, if necessary, one or more kinds of other
component (F), for example, additives such as a solubility
controller, a sensitizer, a surfactant, an organic carboxylic
acid and its derivatives, and a phosphorus-containing oxoacid
and its derivatives, as long as the effect of the invention is not
adversely affected.

(1) Solubility Controller

[0170] The solubility controller is a component for
adequately reducing the dissolving speed of the cyclic com-
pound (B) in an alkali or other type of developing solution in
the developing operation by lowering the solubility in the
developing solution, if the solubility is excessively high. It is
preferred that the solubility controller is not chemically
changed in the step of baking the resist film, irradiating radia-
tion and developing.

[0171] Examples of the solubility controller include aro-
matic hydrocarbons such as naphthalene, phenanthrene,
anthracene, and acenaphthene; ketones such as acetophe-
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none, benzophenone, and phenyl naphthyl ketone; and sul-
fones such as methyl phenyl sulfone, diphenyl sulfone, and
dinaphthyl sulfone. These solubility controllers may be used
alone or in combination of two or more.

[0172] The blending amount of the solubility controller
varies depending upon the kind of the cyclic compound (B) to
be used, and preferably 30 parts by weight or less and more
preferably 10 parts by weight or less, each based on 100 parts
by weight of the cyclic compound (B).

(2) Sensitizer

[0173] The sensitizer is a component for increasing the
generation of acid by absorbing the energy of irradiated radia-
tion and transferring the absorbed energy to the acid generator
(C), thereby increasing the apparent sensitivity of the resist.
Examples of the sensitizer include, but not limited to, ben-
zophenones, biacetyls, pyrenes, phenothiazines, and fluo-
renes.

[0174] The sensitizer may be used alone or in combination
of two or more. The blending amount of the sensitizer is
preferably 30 parts by weight or less and more preferably 10
parts by weight or less, each based on 100 parts by weight of
the cyclic compound (B).

(3) Surfactant

[0175] The surfactant is a component for improving the
coating properties and striation of the radiation-sensitive
composition and the developability of the resist, etc. The
surfactant may be anionic, cationic, nonionic or ampholytic,
with nonionic surfactants being preferred because they are
more effective due to a good affinity to the solvents to be used
for the production of the radiation-sensitive composition.
Examples of the nonionic surfactant include, but not limited
to, polyoxyethylene higher alkyl ethers, polyoxyethylene
higher alkyl phenyl ethers, and higher fatty acid diesters of
polyethylene glycol, which are commercially available under
the tradename of: “EFTOP” of Jemco Inc.; “MEGAFACE” of
Dai-Nippon Ink & Chemicals, Inc.; “FLUORAD” of Sumi-
tomo 3M Ltd.; “ASAHIGUARD” and “SURFLON” of Asahi
Glass Co., Ltd.; “PEPOL” of Toho Chemical Industry Co.,
Ltd.; “KP” of Shin-Etsu Chemical Co., Ltd.; and “POLY-
FLOW?” of Kyoeisha Chemical Co., Ltd.

[0176] The blending amount of the surfactant, based on the
effective component, is preferably 2 parts by weight or less
per 100 parts by weight of the cyclic compound (B).

(4) Organic Carboxylic Acid, Phosphorus-Containing
Oxoacid and their Derivative

[0177] To prevent the deterioration of sensitivity and
improve the profile of resist pattern and the process lag sta-
bility, an organic carboxylic acid, a phosphorus-containing
oxoacid or a derivative thereof may be optionally added to the
radiation-sensitive composition. These additives may be
combinedly used with the acid-diffusion controller or may be
used alone. Preferred examples of the organic carboxylic acid
include malonic acid, citric acid, malic acid, succinic acid,
benzoic acid, and salicylic acid. Examples of the phosphorus-
containing oxoacid and its derivatives include phosphoric
acid and its ester derivatives such as phosphoric acid, di-n-
butyl phosphate and diphenyl diphenyl; phosphonic acid and
its ester derivatives such as phosphonic acid, dimethyl phos-
phonate, di-n-butyl phosphonate, phenyl phosphonate,
diphenyl phosphonate, and dibenzyl phosphonate; and phos-
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phinic acid and its ester derivatives such as phosphinic acid
and phenyl phosphite, with phosphoric acid being particu-
larly preferred.

[0178] The organic carboxylic acid, phosphorus-contain-
ing oxoacid and their derivatives may be used alone or in
combination of two or more. The blending amount is prefer-
ably 0to 50% by weight, more preferably 0 to 20% by weight,
still more preferably 0 to 5% by weight, and particularly
preferably 0 to 1% by weight, each based on the total weight
of the solid component.

(5) Additives Other than Solubility Controller, Sensitizer,
Surfactant, Organic Carboxylic Acid, Phosphorus-Contain-
ing Oxoacid and their Derivatives

[0179] The radiation-sensitive composition may contain, if
necessary, one or more kinds of additives other than the
solubility controller, sensitizer, and surfactant. Examples
thereofinclude a dye, a pigment and an adhesive. The dye and
pigment visualize the latent image of the exposed area to
reduce the influence of the halation during exposure. The
adhesive improves the adhesion of a resist film to a substrate.
Other additives may include a halation inhibitor, a storage
stabilizer, a defoaming agent and a shape improver, for
example, 4-hydroxy-4'-methylchalcone.

[0180] The radiation-sensitive composition is prepared just
before use by dissolving the components in a solvent into a
uniform solution and, if necessary, filtering the solution
through a filter with about 0.2 um pore size.

[0181] Examples of the solvent for preparing the radiation-
sensitive composition include, but not limited to, ethylene
glycol monoalkyl ether acetates such as ethylene glycol
monomethyl ether acetate, ethylene glycol monoethyl ether
acetate, ethylene glycol mono-n-propyl ether acetate, and
ethylene glycol mono-n-butyl ether acetate; ethylene glycol
monoalkyl ethers such as ethylene glycol monomethyl ether
and ethylene glycol monoethyl ether; propylene glycol
monoalkyl ether acetates such as propylene glycol monom-
ethyl ether acetate, propylene glycol monoethyl ether acetate,
propylene glycol mono-n-propyl ether acetate, and propylene
glycol mono-n-butyl ether acetate; propylene glycol
monoalkyl ethers such as propylene glycol monomethyl ether
and propylene glycol monoethyl ether; lactic esters such as
methyl lactated, ethyl lactate, n-propyl lactate, n-butyl lac-
tate, and n-amyl lactate; aliphatic carboxylic esters such as
methyl acetate, ethyl acetate, n-propyl acetate, n-butyl
acetate, n-amyl acetate, n-hexyl acetate, methyl propionate,
and ethyl propionate; other esters such as methyl 3-methox-
ypropionate, ethyl 3-methoxypropionate, methyl 3-ethox-
ypropionate, ethyl 3-ethoxypropionate, methyl 3-methoxy-2-
methylpropionate, 3-methoxybutyl acetate, 3-methyl-3-
methoxybutyl acetate, butyl 3-methoxy-3-methylpropionate,
butyl 3-methoxy-3-methyl butyrate, methyl acetoacetate,
methyl pyruvate, and ethyl pyruvate; aromatic hydrocarbons
such as toluene and xylene; ketones such as 2-heptanone,
3-heptanone, 4-heptanone, and cyclohexanone; amides such
as N,N-dimethylformamide, N-methylacetamide, N,N-dim-
ethylacetamide, and N-methylpyrrolidone; and lactones such
as y-lactone. These solvents may be use alone or in combina-
tion of two or more.

[0182] The radiation-sensitive composition may contain a
resin soluble in an aqueous alkali solution, as long as the
effect of the invention is not adversely affected. Examples of
the resin soluble in an aqueous alkali solution include novolak
resins, polyvinylphenols, polyacrylic acid, polyvinyl alcohol,
styrene-maleic anhydride resins, polymers containing the
monomer units derived from acrylic acid, vinyl alcohol or
vinylphenol, and their derivatives. The blending amount of
the resin soluble in an aqueous alkali solution varies depend-
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ing upon the kind of the resist compound to be used, and
preferably 30 parts by weight or less, more preferably 10 parts
by weight or less, still more preferably 5 parts by weight or
less, and particularly preferably O part by weight, each based
on 100 parts by weight the cyclic compound (B).

Radiation-Sensitive Composition B

[0183] The present invention further relates to a radiation-
sensitive composition containing the cyclic compound (BO)
having a molecular weight of 700 to 5000 and a solvent,
wherein the aldehyde compound (A1) having 2 to 59 carbon
atoms and 1 to 4 formyl groups is an aldehyde compound
(Alc) having an acid-dissociating functional group and the
cyclic compound (BO) is synthesized by the condensation
reaction of the aldehyde compound (A1c) with a phenol com-
pound (A2) having 6 to 15 carbon atoms and 1 to 3 phenolic
hydroxyl groups. The details of the method of synthesizing
the cyclic compound (B0) will be described in the production
method (1) of the cyclic compound (BO).

[0184] The cyclic compound (BO) is also produced by the
reaction of a cyclic compound (A0) having a carboxyl group
with a compound (A3) having a halomethyl ether group.
Since the carboxyl group of the cyclic compound (AO) is
highly reactive with the halogen of the compound (A3), the
reaction proceeds predominantly over the side reactions such
as the reaction between the phenolic hydroxyl group of the
cyclic compound (AO) and the halogen of the compound
(A3), and the cyclic compound (B0) having a carboxyl group
into which an acid-dissociating functional group is intro-
duced is selectively produced in high yields and high produc-
tion efficiency.

[0185] The cyclic compound (AO) is a cyclic compound
having a molecular weight ot 800 to 5000 and 1 to 8 carboxyl
groups, which is synthesized by the condensation reaction of
a compound having 2 to 59 carbon atoms, 1 to 2 carboxyl
groups or ester groups, and 1 to 4 formyl groups (aldehyde
compound (A1d)) with a compound having 6 to 15 carbon
atoms and 1 to 3 phenolic hydroxyl groups (phenol com-
pound (A2)).

[0186] Examplesofthealdehyde compound (Ald)include,
but not limited to, an aliphatic aldehyde compound having 1
to 2 carboxyl groups or ester groups, an alicyclic aldehyde
compound having 1 to 2 carboxyl groups or ester groups, and
an aromatic aldehyde compound having 1 to 2 carboxyl
groups or ester groups.

[0187] Examples of the aliphatic aldehyde compound hav-
ing 1 to 2 carboxyl groups or ester groups include Ra-HO
wherein Ra is an alkyl group having 1 to 2 carboxyl groups or
ester groups and the alkyl group optionally has a substituent
having 1 to 20 carbon atoms, OHC—Rb-CHO wherein Rb is
an alkylene group having 1 to 2 carboxyl groups or ester
groups and the alkylene group optionally has a substituent
having 1 to 20 carbon atoms, Re-(CHO); wherein Rc is a
trivalent organic group having 1 to 2 carboxyl groups or ester
groups and the trivalent organic group optionally has a sub-
stituent having 2 to 20 carbon atoms, and Rd-(CHO), wherein
Rd is a tetravalent organic group having 1 to 2 carboxyl
groups and the tetravalent organic group optionally has a
substituent having 2 to 20 carbon atoms. In the above, the
substituent is an alkyl group, a cycloalkyl group, an aryl
group, an alkoxyl group, cyano group, nitro group, hydroxyl
group, a heterocyclic group, a halogen atom, carboxyl group,
an alkylsilyl group, or a functional group selected from
derivatives of the preceding groups.

[0188] Examples of the alicyclic aldehyde compound
include carboxycyclohexane carbaldehyde, and carboxycy-
clohexane carbaldehyde, carboxycyclooctane carbaldehyde,
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carboxynorbornane carbaldehyde, carboxyadamantane car-
baldehyde, carboxyfurfural, carboxydiformylcyclohexane,
carboxydiformylcyclooctane, carboxydiformylnorbornane,
carboxydiformyladamantane, carboxytriformylcyclohexane,
carboxytriformylcyclooctane, carboxytriformylnorbornane,
carboxytriformyladamantane, carboxytriformylcyclohex-
ane, carboxytetraformylcyclooctane, carboxytetraformyl-
norbornane, and carboxytetraformyladamantane, each
optionally having a substituent having 2 to 20 carbon atoms.
In the above, the substituent is an alkyl group, a cycloalkyl
group, an aryl group, an alkoxyl group, cyano group, nitro
group, hydroxyl group, a heterocyclic group, a halogen atom,
an alkylsilyl group, or a functional group selected from
derivatives of the preceding groups.

[0189] Examples of the aromatic aldehyde compound
include carboxybenzaldehyde, carboxytolylaldehyde, and
carboxybenzaldehyde, carboxyanisaldehyde, carboxynaph-
thaldehyde, carboxyanthraldehyde, carboxybiphenylalde-
hyde, carboxyformylfluorene, carboxyformylbiphenyl, car-
boxyformylanthracene, carboxyformylphenanthrene,
carboxyformylphenothiazine, carboxyformylpyrene, car-
boxyformylbenzopyrene, carboxyformylindacene, carboxy-
formylphenacene, carboxyformylacenaphthylene, carboxy-
formylnaphthacene, carboxyformylpentacene,
carboxyformyltriphenylene, carboxyformylpyridine, car-
boxyformylovalene, carboxydiformylbenzene, carboxydi-
formyltoluene, carboxydiformylxylene, carboxydiformyl-
naphtharene, carboxydiformylbiphenyl,
carboxydiformylterphenyl, carboxydiformylanthracene, car-
boxydiformylphenanthrene, carboxydiformylpyrene, car-
boxydiformylindacene, carboxydiformylphenalene, car-
boxydiformylacenaphthylene, carboxydiformylphenalene,
carboxydiformylnaphthacenei, carboxydiformylpentacene,
carboxydiformyltriphenylene, carboxydiformylpyridine,
carboxydiformylimidazole, carboxydiformylfuran, carboxy-
diformylthiazole, carboxydiformylfiavone, carboxydi-
formylisoflavone, carboxytriformylbenzene, carboxytri-
formyltoluene, carboxytriformylxylene,
carboxytriformylnaphtharene,  carboxytriformylbiphenyl,
carboxytriformylterphenyl, carboxytriformylanthracene,
carboxytriformylphenanthrene, carboxytriformylpyrene,
carboxytriformylindacene, carboxytriformylphenalene, car-
boxytriformylacenaphthylene, carboxytriformylphenalene,
carboxytriformylnaphthacene, carboxytriformylpentacene,
carboxytriformyltriphenylene, carboxytriformylterpyridine,
carboxytriformylimidazole, carboxytriformylfuran, carbox-
ytriformylthiazole, carboxytriformylflavone, carboxytri-
formylisoflavone, carboxytetraformylbenzene, carboxytet-
raformylnaphtharene, carboxytetraformylbiphenyl,
carboxytetraformylterphenyl, carboxytetraformylan-
thracene, carboxytetraformylphenanthrene, carboxytet-
raformylpyrene, carboxytetraformylindacene, carboxytet-
raformylphenalene, carboxytetraformylacenaphthylene,
carboxytetraformylphenalene, carboxytetraformylnaph-
thacene, carboxytetraformylpentacene, carboxytet-
raformyltetraphenylene, carboxytetraformylquaterpyridine,
carboxytetraformylimidazole, carboxytetraformylfuran, car-
boxytetraformylthiazole, carboxytetraformylfiavone, and
carboxytetraformylisoflavone, each optionally having a sub-
stituent having 2 to 20 carbon atoms. In the above, the sub-
stituent is alkyl group, cycloalkyl group, aryl group, alkoxyl
group, cyano group, nitro group, hydroxyl group, boronic
acid group, heterocyclic group, halogen atom, carboxyl
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group, alkylsilyl group, or a functional group selected from
derivatives of the preceding groups.

[0190] Examples of heterocyclic aldehyde compound
include carboxyfurfural, carboxynicotinealdehyde, carboxy-
2-tetrahydrofuran carbaldehyde, and 2-thiophene carbalde-
hyde.

[0191] Examples of the aldehyde compound having 1 to 2
ester groups include compounds which are derived from the
aldehyde compound having 1 to 2 carboxyl groups by a
water-eliminating condensation with an alcohol to convert
the 1 to 2 carboxyl groups to the ester group as shown by the
formula (17).

[0192] In the formula (17), examples of the linear alkyl
group having 1 to 20 carbon atoms, preferably 1 to 12 carbon
atoms include methyl group, ethyl group, n-propyl group,
n-butyl group, n-pentyl group, n-octyl group, and n-dodecyl
group.

[0193] Examples ofthe branched alkyl group having 3 to 20
carbon atoms, preferably 3 to 10 carbon atoms include iso-
propyl group, t-butyl group, isopentyl group, and neopentyl
group, with t-butyl group being preferred.

[0194] The cycloalkyl group has 3 to 20 carbon atoms,
preferably 6 to 14 carbon atoms. The aliphatic ring in the
cycloalkyl group may be a monocyclic or polycyclic ring,
preferably a polycyclic ring, for example, a monocycloal-
kane, a bicycloalkane, a tricycloalkane, and a tetracycloal-
kane, particularly, a monocycloalkane such as cyclopropane,
cyclobutane, cyclopentane, and cyclohexane or a polycy-
cloalkane such as adamantane, norbornane, isobornane, tri-
cyclodecane, and tetracyclodecane. Preferred are adaman-
tane, tricyclodecane, and tetracyclodecane, and particularly
preferred are adamantane and tricyclodecane.

[0195] The aldehyde compound having 1 to 2 ester groups
may be commercially available as a reagent or may be syn-
thesized by a known method. For example, an aldehyde com-
pound having 1 to 2 carboxyl groups is dissolved or sus-
pended in an organic solvent such as acetone and then a base
such as potassium carbonate is added. Thereafter, the alde-
hyde compound is allowed to react with 0.5 to 4 equivalent of
a compound represented by the following formula (27) at O to
100° C. for 1 to 72 h. After removing the base such as potas-
sium carbonate by filtration, the aimed compound is obtained
by removing the solvent, optionally followed by purification
such as column chromatography.

@7
(€]

)26
X—C —C—O0—R*

[0196] In the formula (27), X is a halogen atom and R34 is
the same as defined above.

[0197] The halogen atom include fluorine, chlorine, bro-
mine, and iodine, with chlorine, bromine, and iodine being
preferred, bromine and iodine being more preferred, and bro-
mine being still more preferred.

[0198] Of the above compounds, an aromatic aldehyde
having 1 to 2 carboxyl groups or ester groups and 1 to 4
formyl groups is preferred in view of the etching resistance;
an aromatic aldehyde having 1 to 2 carboxyl groups or ester
groups and 1 to 2 formyl groups is preferred in view of
forming fine patterns; and an aromatic aldehyde having 1 to 2
carboxyl groups or ester groups and one formyl group is more
preferred because the aromatic aldehyde and the cyclic com-
pound (A) are produced in high yields and high purity.
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[0199] The aromatic aldehyde compound having 1 to 2
carboxyl groups or ester groups is preferably the compound
represented by the following formula (28-0) or (28):

(28-0)
COOH COOR
((|))11_L1 ((l))n_Ll
(Xz‘)_/\ (Xz‘)_/\
CHO CHO

wherein X, is hydrogen atom or a halogen atom, preferably
hydrogen atom, fluorine, chlorine, bromine, or iodine, more
preferably hydrogen atom, chlorine, bromine, or iodine, still
more preferably hydrogen atom, bromine, or iodine, and par-
ticularly preferably bromine, m is an integer of 1 to 4,and L,
11, and R are the same as defined above; and

(28)
COOH COOR?
((|))11—L1 ((|))11—L1
Z =
XZ__/ | XZ__/ |
x N
CHO CHO

wherein X,, L, I,, and R* are the same as defined above.

[0200] Other preferred compounds are those represented
by the following formulae (28-1) to (28-4):

(28-1)

COOH COORM
o—CH2 o—CH2
(Xﬁ_\‘j (Xﬁ_Hj
CHO CHO
COOH COOR
- -
Ko || e
X .
CHO CHO

(28-2)
COOH TOORM
(|) —_— (lez (|) —CH,
= =
B | (Brﬁm—/\ |
x AN
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-continued
COOH COOR
~ ~
B | (Brﬁ— |
A
CHO
COOH COOR?

—CH, O—CH,

| e

/N_O

CHO CHO
COOH COOR?

A
(I‘)_;\J (I‘)m_;\J
S
CHO

wherein m and R** are the same as defined above;

N

/

(28-3)
OCH,COOH OCH,COOR COOH
/
Y
CHO CHO CHO
COOR OCH,COOH OCH,COOR
/
AN
CHO CHO CHO
COOH COOR*
7 =
— I_
x A
CHO CHO
wherein R is the same as defined above; and
(28-4)
OCH,COOH OCH,COCR*
Br i
CHO CHO
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-continued
COOH COOR3 OCH,COOH
Bro i Bry i I, i
CHO CHO CHO
OCH,COOR COOH COOR

1. i 1. i 1. i
CHO CHO CHO

wherein R is the same as defined above.

[0201] The aldehyde compound (A 1d) may be used alone
or in combination of two or more, preferably used alone in
view of the uniformity of the solid component in resist films.
[0202] Examples of the phenol compound (A2) include
phenol, catechol, resorcinol, hydroquinone, and pyrogallol,
with resorcinol and pyrogallol being preferred and resorcinol
being more preferred. The phenol compound (A2) may have
a substituent selected from the group consisting of a halogen
atom, an alkyl group, a cycloalkyl group, an aryl group, an
aralkyl group, an alkoxyl group, an alkenyl group, carboxyl
group, an acyl group, an alkoxycarbonyl group, an alkyloy-
loxy group, an aryloyloxy group, cyano group, nitro group, a
heterocyclic group, an alkylsilyl group, a substituted methyl
group, a 1-substituted ethyl group, a 1-substituted n-propyl
group, a 1-branched alkyl group, silyl group, a 1-substituted
alkoxyalkyl group, a cyclic ether group, and an alkoxycarbo-
nylalkyl group, as long as the effect of the present invention is
not adversely affected. The purity of the phenol compound
(A2) is, but not particularly limited, generally 95% by weight
or more and preferably 99% by weight or more. The phenol
compound (A2) may be used alone or in combination of two
ormore and preferably used alone in view of the uniformity of
the solid component in resist films.

[0203] The cyclic compound (A0) having a carboxyl group
is produced, for example, by the following method. In an
organic solvent such as methanol, ethanol, and acetonitrile, 1
mol of the aldehyde compound (A1d) is allowed to react with
0.1 to 10 mol of the phenol compound (A2) in the presence of
an acid catalyst (hydrochloric acid, sulfuric acid, p-toluene-
sulfonic acid, etc.) at 60 to 150° C. for about 0.5 to 20 h. After
filtering, washing with alcohol such as methanol and washing
with water, the solid matter is separated by filtration and dried
to obtain the cyclic compound (A0), which may be purified by
column chromatography, if necessary.

[0204] Ifanalcohol such as methanol and ethanol is used as
the reaction solvent or if an aliphatic aldehyde compound
having an ester group is used as the aldehyde compound
(A1d), a cyclic compound (Aa) in which the carboxyl groups
are partly or completely esterified is obtained by the reaction
in some cases. In this case, the reaction product solution is
stirred at 10 to 100° C. for about 0.5 to 20 h in the presence of
abase such as sodium hydroxide to hydrolyze the ester group.
Then, the obtained solution is shaken with an organic solvent
such as diethyl ether in a separatory funnel. After drawing off
the aqueous layer, the organic layer is neutralized by an acid
such as hydrochloric acid, and then, the precipitated solid
matter is recovered by filtration to obtain the cyclic com-
pound (A0) having the carboxyl groups not esterified.
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[0205] The molecular weight of the cyclic compound (A0)
is 700 to 5000, preferably 1000 to 2500, and more preferably
1500 to 2000. Within the above ranges, the resolution is
improved while maintaining the film-forming properties
required for the resists.

[0206] The cyclic compound of the invention may be a
cis-isomer, a trans-isomer or a mixture thereof. In view of
forming a highly uniform resist film, an isomerically pure
compound consisting of one of the cis-isomer and the trans-
isomer is preferred for the resist component of a radiation-
sensitive composition. The cyclic compound of only one of
the cis-isomer and the trans-isomer may be obtained by a
known method, for example, the separation by column chro-
matography and preparative liquid chromatography and the
optimization of the reaction solvent, reaction temperature,
etc.

[0207] The cyclic compound (A0) having a carboxyl group
is preferably selected from the compounds represented by the
following formula (29-0) or (29):

(29-0)
X2m X2

3 (0)1,1,CO0H
Y

\
HOOCL, II(O)/\L /

(XZ)m

HOOCL,1(0)

\
HOOCLIII(O)/\L/ A0 (O)[,L;COOH, and

X2)m OH Xm
29

X5 X5

HOOCL, 1(0)~t" \ \\\\/(O)IILICOOH

HO OH
/\ e~
HOOCL;[(0)=_ y o e (O),L,COOH



US 2012/0171379 Al Jul. 5,2012

29
-continued -continued
31
% oo % €39
HOOCL1(0)~1_ / N ©oy,L,cooH
[
HO OH
\ I
HOOCL [ 1(O)~"% \I(O)IILICOOH

X5 OH X5

wherein X, is hydrogen atom or a halogen atom, L, is a single
bond or a divalent organic group selected from linear or
branched alkylene groups having 1 to 4 carbon atoms, I, is 0
or 1, mis aninteger of 1 to 4, m; is an integer of 1 to 2, and m,
is 1.

[0208] The cyclic compound (A0) having a carboxyl group
is more preferably selected form the compounds represented
by the following formula (30) or (31):

wherein X, is the same as defined above.

[0209] Examples of the compound (A3) having a halom-
ethyl ether group include, but not particularly limited, an
aliphatic compound having 1 to 2 halomethyl groups, an
alicyclic compound having 1 to 2 halomethyl groups, and an
aromatic compound having 1 to 2 halomethyl groups. Pre-
ferred is a compound represented by the following formula
(32):

(32)
(X;—CH;—O0375—Rg

wherein R, is a linear alkyl group having 1 to 20 carbon
atoms, a branched alkyl group having 3 to 20 carbon atoms, a
cycloalkyl group having 3 to 20 carbon atoms, or an aryl
group having 6 to 20 carbon atoms, X, is a halogen atom, and
I,is lor2.

[0210] The linear alkyl group having 1 to 20 carbon atoms
is preferably one having 1 to 12 carbon atoms, and examples
thereof include methyl group, ethyl group, n-propyl group,
n-butyl group, n-pentyl group, n-octyl group, and n-dodecyl
group.

[0211] The branched alkyl group having 3 to 20 carbon
atoms is preferably one having 3 to 10 carbon atoms, and
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examples thereof include isopropyl group, t-butyl group, iso-
pentyl group, and neopentyl group.

[0212] The cycloalkyl group having 3 to 20 carbon atoms is
preferably one having 6 to 14 carbon atoms. The aliphatic ring
of'the cycloalkyl group may be monocyclic or polycyclic and
preferably polycyclic. Examples thereof include a monocy-
cloalkane, a bicycloalkane, a tricycloalkane, and a tetracy-
cloalkane, specifically, the monocycloalkane such as cyclo-
propane, cyclobutane, cyclopentane, and cyclohexane, and
the polycycloalkane such as adamantane, norbornane, isobor-
nane, tricyclodecane, and tetracyclodecane, with adaman-
tane, tricyclodecane, and tetracyclodecane being preferred,
and adamantane and tricyclodecane being particularly pre-
ferred.

[0213] The halogen atom may be fluorine, chlorine, bro-
mine, or iodine, with chlorine, bromine; and iodine being
preferred, bromine and iodine being more preferred, and bro-
mine being still more preferred.

[0214] 1,is 1 or 2, and preferably 1.

[0215] The compound (A3) having a halomethyl ether
group is produced, for example, by the following method. An
alcohol such as cyclohexanol is dissoleve in an organic sol-
vent such as n-hexane, and then, paraformaldehyde is added
to the solution. Then a hydrogen halide such as hydrogen
chloride gas is blown into the solution in an amount of 2.0 to
3.0 equivalent to the alcohol to allow the reaction to proceed
at 0 to 100° C. After the reaction, the product is isolated by a
vacuum distillation to obtain the aimed compound (A3) hav-
ing a halomethyl ether group.

[0216] The compound (A3) having a halomethyl ether
group is preferably represented by the following formula
(32-1):

(32-1)

<R6>n \
R,

A ﬁ—d\\(}

R6>n2

Wherein X,R>, R® n,, n,, and n, are the same as defined in the
formulae (22) and (27).

[0217] The cyclic compound (BO) is produced by the reac-
tion of the cyclic compound (A0) having a carboxyl group
and the compound (A3) having a halomethy] ether group. For
example, the cyclic compound (A0) having a carboxyl group
is dissolved or suspended in an aprotic solvent such as
acetone, THF, and propylene glycol monomethyl ether
acetate and then the compound (A3) having a halomethyl
ether group is added. The reaction is allowed to proceed under
atmospheric pressure at 0 to 110° C. for 1 to 72 h in the
presence of an alkali catalyst such as pyridine, triethylamine,
diazabicycloundecene, and potassium carbonate in an
amount of 0.5 to 4 equivalent, preferably 0.9 to 1.1 equivalent,
and more preferably 1.0 equivalent to the carboxyl group in
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the cyclic compound (A0) having a carboxyl group. After
washing with an alcohol such as methanol and washing with
water, the solid product is separated by filtration and dried to
obtain the cyclic compound (B0), which may be purified by
column chromatography.

[0218] The molecular weight of the cyclic compound (BO)
is 800 to 5000, preferably 1000 to 2500, and more preferably
1500 to 2000. Within the above ranges, the resolution is
improved while maintaining the film-forming properties
required for resists.

[0219] The cyclic compound (BO) is preferably selected

from the compounds represented by the following formula
(33-0) or (33):

(33-0)

X2Im Xm X2)m

A (O)L,COORM

HO OH
KaFmy
Tt Xo)m,
HO OH
.
R*00CL, 1(0) ¢ \\ y | T (O COORM
K (o
(XZ)m OH Xm

34, \
R300CL, 1(0)~§ \\/

Kl OH X2

whereinR>#, X,,,L,, I,, m, m,, and m, are the same as defined
in the formula (13-0), and

33)
X, X2

R3*400CL;,1(0)~L \\\\ (O)[;L;COOR?

N
\J\ (O)I;L;COOR™
X, X2
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-continued

[
’\g,\ (O)[;L;COOR?
X2 oH X2

wherein R*, X, L,, and I, are the same as defined in the
formula (13).

[0220] The cyclic compound (BO) is more preferably rep-
resented by the following formula (34):

(34)

(O)[;L;COOR?

(O)[;L,COOR?

(O)[;L;COOR?

R3*400CL,,1(0) (O)[;L;COOR?

wherein R**, X,, L, and I, are the same as defined above.
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[0221] Thecyclic compound (BO) is particularly preferably

represented by the following formula (35):

OCH,COOR?
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-continued

wherein R** and X) are the same as defined above.

[0222] R>* is more preferably an acid-dissociating func-
tional group having a structure selected from a cycloalkane
having 3 to 20 carbon atoms, lactone and an aromatic ring
having 6 to 12 carbon atoms. The cycloalkane having 3 to 12
carbon atoms may be a monocyclic or polycyclic alkane and
preferably a polycyclic alkane, such as a monocycloalkane, a
bicycloalkane, a tricycloalkane, and a tetracycloalkane.
Examples thereof include a monocycloalkane such as cyclo-
propane, cyclobutane, cyclopentane, and cyclohexane, and a
polycycloalkane such as adamantane, norbornane, isobor-
nane, tricyclodecane, and tetracyclodecane, with adaman-
tane, tricyclodecane, and tetracyclodecane being preferred,
and adamantane and tricyclodecane being particularly pre-
ferred. The cycloalkane having 3 to 12 carbon atoms is
optionally substituted. Examples of the lactone include buty-
rolactone and a cycloalkane (3 to 12 carbon atoms) having a
lactone group. Example of the aromatic ring having 6 to 12
carbon atoms include benzene ring, naphthalene ring,
anthracene ring, phenanthrene ring, and pyrene ring, with
benzene ring and naphthalene ring being preferred, and naph-
thalene ring being more preferred.

[0223] Particularly, an acid-dissociating functional group
represented by the following formula (36) is preferred. The
acid-dissociating functional group improves the resolution of
the resist pattern to be obtained and reduces LER.

(36)

S
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[0224] In the formula (36), R®, R, n,, n,, and n, are the
same as defined above.

[0225] The cyclic compound (BO) is also produced by the
water-eliminating condensation reaction of the cyclic com-
pound (A0) having a carboxyl group and a compound having
an alcoholic hydroxyl group.

[0226] The cyclic compound (BO) is also produced by the
ester exchange reaction between the cyclic compound (AOa)
which is derived by converting the carboxyl group of the
cyclic compound (AO) to the ester group as represented by the
formula (17) and the compound having an alcoholic hydroxyl
group. The ester exchange reaction is conducted by a known
manner. The compound having an alcoholic hydroxyl group
may be a primary, secondary or tertiary alcohol, preferably a
secondary or tertiary alcohol, and particularly preferably a
tertiary alcohol.

[0227] The compound (A3) having a halomethyl ether
group is produced, for example, by the following method. An
alcohol such as cyclohexanol is dissolved in an organic sol-
vent such as n-hexane, and then, paraformaldehyde is added
to the solution. Then a hydrogen halide such as hydrogen
chloride gas is blown into the solution in an amount of 2.0 to
3.0 equivalent to the alcohol to allow the reaction to proceed
at 0 to 100° C. After the reaction, the product is isolated by a
vacuum distillation to obtain the aimed compound (A3) hav-
ing a halomethyl ether group.

[0228] The cyclic compound (BO) is produced by the reac-
tion of the cyclic compound (A0) having a carboxyl group
and the compound (A3) having a halomethy] ether group. For
example, the cyclic compound (A0) having a carboxyl group
is dissolved or suspended in an aprotic solvent such as
acetone, THF, and propylene glycol monomethyl ether
acetate and then the compound (A3) having a halomethyl
ether group is added. The reaction is allowed to proceed under
atmospheric pressure at 0 to 110° C. for 1 to 72 h in the
presence of an alkali catalyst such as pyridine, triethylamine,
diazabicycloundecene, and potassium carbonate in an
amount of 0.5 to 4 equivalent, preferably 0.9to 1.1 equivalent,
and more preferably 1.0 equivalent to the carboxyl group in
the cyclic compound (A0) having a carboxyl group. After
washing with an alcohol such as methanol and washing with
water, the solid product is separated by filtration and dried to
obtain the cyclic compound (B0), which may be purified by
column chromatography.
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[0229] The cyclic compound (B0) may be purified to
reduce the amount of residual metal, if necessary. If the acid
catalyst and co-catalyst remain, the storage stability of the
radiation-sensitive composition is generally lowered. If the
basic catalyst remains, the sensitivity of the radiation-sensi-
tive composition is generally lowered. Therefore, the cyclic
compound (B0) may be purified to reduce the remaining
amount of such catalytic compounds. The purification may be
carried out by any of known methods without limitation as
long as the cyclic compound (BO) is not unfavorably changed,
for example, by washing with water, washing with an acidic
aqueous solution, washing with a basic aqueous solution,
treating with an ion exchange resin, and treating with a silica
gel column chromatography. The purification is preferably
conducted in a combination of two or more of the above
methods.

[0230] The acidic aqueous solution, basic aqueous solu-
tion, ion exchange resin and silica gel column may be suitably
selected by taking the amounts and kinds of the metal, acidic
compound and basic compound to be removed and the kind of
the cyclic compound (BO) to be purified into consideration.
For example, hydrochloric acid, an aqueous solution of nitric
acid and an aqueous solution of acetic acid, each having a
concentration of 0.01 to 10 mol/L, are used as the acidic
aqueous solution; an aqueous ammonia solution having a
concentration 0£'0.01 to 10 mol/L is used as the basic aqueous
solution; and a cation exchange resin such as Amberlyst 15]-
HG Dry manufactured by Organo Corporation is used as the
ion exchange resin. The purified product may be dried by a
known method such as, but not limited to, a vacuum drying
and a hot-air drying under the conditions not changing the
cyclic compound (BO).

[0231] Inthecyclic compound (BO), the ratio ofthe number
of halogen atoms to the total number of constituent atoms is
preferably 0.1 to 60%, more preferably 0.1 to 40%, still more
preferably 0.1 to 20%, particularly preferably 0.1 to 10%, and
most preferably 1 to 5%. Within the above ranges, the film-
forming properties can be maintained while increasing the
sensitivity to radiation. In addition, the solubility in safety
solvents is increased.

[0232] Theratio ofthe number of nitrogen atoms to the total
number of constituent atoms is preferably 0.1 to 40%, more
preferably 0.1 to 20%, still more preferably 0.1 to 10%, and
particularly preferably 0.1 to 5%. Within the above ranges,
the film-forming properties can be maintained while reducing
the line edge roughness of the resist pattern to be obtained.
The nitrogen atom constituting a secondary or tertiary amine
is preferred and the nitrogen atom constituting a tertiary
amine is more preferred.

[0233] The solid component of the radiation-sensitive com-
position and the cyclic compound (B0O) are made into an
amorphous film by spin coating and applicable to a general
semiconductor production process.

[0234] The dissolving speed of the amorphous film of the
cyclic compound (BO) in a 2.38 mass % aqueous solution of
tetramethylammonium hydroxide (TMAH) at 23° C. is pref-
erably 5 A/sec or less, more preferably 0.05 to 5 A/sec, and
still more preferably 0.0005 to 5 A/sec. If being 5 A/sec or
less, the amorphous film is insoluble in an alkali developing
solution to form a resist. If being 0.0005 A/sec or more, the
resolution may be improved in some cases. This may be
because that the micro surface of the cyclic compound (BO) is
dissolved to reduce LER. In addition, the number of defects is
reduced.
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[0235] It is preferred that the cyclic compound generated
by the dissociation of the acid-dissociating functional group
of the cyclic compound (BO) is also capable of forming an
amorphous film by spin coating. The dissolving speed of the
amorphous film of the cyclic compound (A3) in a 2.38 mass
% aqueous solution of TMAH at 23° C. is preferably 10 A/sec
or more, more preferably 10 to 10000 A/sec, and still more
preferably 100 to 1000 A/sec. If being 10 A/sec or more, the
amorphous film dissolves in an alkali developing solution to
form a resist pattern. If being 10000 A/sec or less, the reso-
Iution may be improved in some cases. This may be because
that the contrast at the interface between the exposed portion
soluble in an alkali developing solution and the non-exposed
portion insoluble in an alkali developing solution is enhanced
by the change of solubility due to the dissociation of the
acid-dissociating functional group of the cyclic compound
(B0). In addition, LER is reduced and the number of defects
is reduced.

[0236] The dissolving speed of the amorphous film of the
solid component of the radiation-sensitive composition in a
2.38 mass % aqueous solution of TMAH at 23° C. is prefer-
ably 5 A/sec or less. After exposing the amorphous film to a
radiation such as KrF excimer lasers, extreme ultraviolet rays,
electron beams and X-rays in a desired pattern and optionally
heating at 20 to 250° C., the dissolving speed of the treated
amorphous film in a 2.38 mass % aqueous solution of TMAH
at 23° C. is preferably 10 A/sec or more. By satisfying the
above requirements, a pattern with a good shape can be
obtained in good yields.

[0237] The glass transition temperature of the cyclic com-
pound (BO) is preferably 100° C. or higher, more preferably
120° C. or higher, still more preferably 140° C. or higher, and
particularly preferably 150° C. or higher. Within the above
ranges, a heat resistance enough to maintain the shape of
pattern in the semiconductor lithography process is obtained,
thereby increasing the resolution.

[0238] The crystallization heat of the cyclic compound (d)
is preferably less than 20 J/g when measured by a differential
scanning calorimetry of the glass transition temperature. The
difference, (crystallization temperature)—(glass transition
temperature), is preferably 70° C. or higher, more preferably
80° C. or higher, still more preferably 100° C. or higher, and
particularly preferably 130° C. or higher. Ifthe crystallization
heat is less than 20 J/g or the difference, (crystallization
temperature)—(glass transition temperature), is within the
above ranges, the radiation-sensitive composition is easily
made into an amorphous film by spin coating and the film-
forming properties required for the resist can be maintained
for a long period of time, thereby improving the resolution.
[0239] The cyclic compound (BO) may be used as the main
component of a positive-type radiation-sensitive composition
or may be added to a radiation-sensitive composition as an
additive for increasing the sensitivity and etching resistance
in place of using as the main component. When used as an
additive, the cyclic compound (BO) is used in an amount of 1
to 50% by weight of the total weight of the solid component.
[0240] The radiation-sensitive composition of the inven-
tion comprises preferably 1 to 80% by weight of the solid
component and 20 to 99% by weight of the solvent, more
preferably 1 to 50% by weight of the solid component and the
50 to 99% by weight of the solvent, still more preferably 2 to
40% by weight of the solid component and 60 to 98% by
weight of the solvent, and particularly preferably 2 to 10% by
weight of the solid component and 90 to 98% by weight of the
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solvent. The content of the cyclic compound (BO) is prefer-
ably 50% by weight or more, more preferably 60 to 95% by
weight, still more preferably 65 to 90% by weight, and par-
ticularly preferably 70 to 85% by weight, each based on the
total weight of the solid component. Within the above ranges,
a high resolution is obtained and the line edge roughness is
reduced. The solvent is selected from those described above
with respect to the radiation-sensitive composition A.

[0241] An acid-non-dissociating functional group may be
introduced into at least one phenolic hydroxyl group of the
cyclic compound (BO0), as long as the effect of the present
invention is not adversely affected. The acid-non-dissociating
functional group is a characteristic group which is not disso-
ciated in the presence of acid, thereby failing to generate an
alkali-soluble group. Examples thereof include a group
which is not dissociated by the action of acid such as a C,_,,
alkyl group, a C;_,, cycloalkyl group, a Cg_,, aryl group, a
C, o alkoxyl group, cyano group, nitro group, hydroxyl
group, a heterocyclic group, a halogen atom, carboxyl group,
a C,_,, alkylsilyl group, and a functional group derived from
derivatives of the preceding groups.

[0242] A naphthoquinonediazido ester group may be intro-
duced into at least one phenolic hydroxyl group of the cyclic
compound (BO). The cyclic compound (B0) having at least
one phenolic hydroxyl group into which the naphthoquino-
nediazido ester group is introduced may be used as the main
component of a positive-type radiation-sensitive composi-
tion, or may be added to a radiation-sensitive composition as
an acid generator or additive.

[0243] An acid-generating functional group which gener-
ates an acid upon the irradiation with radiation may be intro-
duced into at least one phenolic hydroxyl group of the cyclic
compound (B0). The cyclic polyphenol compound obtained
by introducing the acid-generating functional group into at
least one phenolic hydroxyl group of the cyclic compound
(BO) may be used as the main component of a positive-type
radiation-sensitive composition, or may be added to a radia-
tion-sensitive composition as an acid generator or additive.

[0244] The composition of the invention preferably con-
tains at least one kind of acid generator (C) which generates
an acid directly or indirectly by the irradiation with radiation
selected from visible lights, ultraviolet rays, excimer lasers,
electron beams, extreme ultraviolet rays (EUV), X-rays, and
ion beams. The amount of the acid generator (C) to be added
is preferably 0.001 to 50% by weight, more preferably 1 to
40% by weight, and still more preferably 3 to 30% by weight
based on the total weight of the solid components (total of the
cyclic compound (BO), the acid generator (C), the low
molecular weight solubilizer (D), the acid-diffusion control-
ler (E) and other components (F), the same being applied
below). Within the above ranges, a high sensitivity and a
pattern profile with a small edge roughness is obtained. In the
present invention, the acid can be generated by any method as
long as the acid is suitably generated within the system. The
use of excimer lasers in place of ultraviolet rays such as g-rays
and f-rays enables a finer processing. Ifhigh-energy rays such
as electron beams, extreme ultraviolet rays, X-rays and ion
beams are used, the resist composition can be still more finely
processed.

[0245] The acid generator (C) is used particularly prefer-
ably in an amount of 15 to 25% by weight of the total weight
of the solid component. Within the above range, a high sen-
sitivity is obtained.
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[0246] The radiation-sensitive composition is prepared just
before use by dissolving the components in a solvent into a
uniform solution and, if necessary, filtering the solution
through a filter with about 0.2 pm pore size.

[0247] The radiation-sensitive composition may contain a
resin soluble in an aqueous alkali solution, as long as the
effect of the invention is not adversely affected. Examples of
the resin soluble in an aqueous alkali solution include novolak
resins, polyvinylphenols, polyacrylic acid, polyvinyl alcohol,
styrene-maleic anhydride resins, polymers containing the
monomer units derived from acrylic acid, vinyl alcohol or
vinylphenol, and their derivatives. The blending amount of
the resin soluble in an aqueous alkali solution varies depend-
ing upon the kind of the resist compound to be used, and
preferably 30 parts by weight or less, more preferably 10 parts
by weight or less, still more preferably 5 parts by weight or
less, and particularly preferably O part by weight, each based
on 100 parts by weight the cyclic compound (BO).

Radiation-Sensitive Composition C

[0248] The present invention further relates to a radiation-
sensitive composition comprising any one of the cyclic com-
pounds of formulae (1) and (a) to (e), and a solvent.

[0249] The present invention further relates to a radiation-
sensitive composition wherein the cyclic compound is a
cyclic compound (A) having a molecular weight of 700 to
5000 which is synthesized by the condensation reaction of a
compound having 2 to 59 carbon atoms and 1 to 4 formyl
groups (aldehyde compound (A1)) with a compound having 6
to 15 carbon atoms and 1 to 3 phenolic hydroxyl groups
(phenol compound (A2)).

[0250] Namely, another preferred radiation-sensitive com-
position of the present invention comprises 1 to 80% by
weight of a solid component and 20 to 99% by weight of a
solvent, wherein the solid component contains a cyclic com-
pound (A) having a molecular weight of 700 to 5000 in an
amount of 50% by weight or more of the total weight of the
solid component, and wherein the cyclic compound (A) is
synthesized by the condensation reaction of a benzaldehyde
compound having 7 to 24 carbon atoms and having neither
hydroxyl group nor t-butyl group with a compound having 6
to 15 carbon atoms and 1 to 3 phenolic hydroxyl groups.
[0251] Still another preferred radiation-sensitive composi-
tion of the present invention comprises 1 to 80% by weight of
a solid component and 20 to 99% by weight of a solvent,
wherein the solid component comprises a cyclic compound
(A) having a molecular weight of 700 to 5000 in an amount of
50% by weight or more of the total weight of the solid com-
ponent, an acid generator (C) which generates an acid directly
or indirectly upon the irradiation with radiation selected from
the group consisting of visible lights, ultraviolet rays, excimer
lasers, electron beams, extreme ultraviolet rays (EUV),
X-rays, and ion beams, an acid crosslinking agent (G), and an
acid-diffusion controller (E), and wherein the cyclic com-
pound (A) is synthesized by the condensation reaction of a
benzaldehyde compound having 10 to 24 carbon atoms and
having a substituent containing an alicyclic or aromatic ring
with a compound having 6 to 15 carbon atoms and 1 to 3
phenolic hydroxyl groups.

[0252] The radiation-sensitive composition contains the
cyclic polyphenol compound (A) in an amount of 50% by
weight or more of the total weight of the solid components.
[0253] The cyclic compound (A) has a molecular weight of
700 to 5000 which is synthesized by the condensation reac-
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tion of a benzaldehyde compound having 10 to 24 carbon
atoms and having a substituent containing an alicyclic or
aromatic ring or a benzaldehyde compound having 7 to 24
carbon atoms and having neither hydroxyl group nor t-butyl
group (aromatic carbonyl compound (A1)) with a compound
having 6 to 15 carbon atoms and 1 to 3 phenolic hydroxyl
groups (phenol compound (A2)).

[0254] The cyclic compound (A) enhances the film-form-
ing properties, heat resistance, alkali developability, and etch-
ing resistance.

[0255] The cyclic compound (A) is produced by the con-
densation reaction of at least one compound selected from the
aromatic carbonyl compound (Al) with at least one com-
pound selected from the phenol compound (A2).

[0256] The aromatic carbonyl compound (A1) is a benzal-
dehyde compound having 10 to 24 carbon atoms and a sub-
stituent containing an aliphatic or aromatic ring, or a benzal-
dehyde compound having 7 to 24 carbon atoms and having
neither hydroxyl group nor t-butyl group. Examples thereof
include benzaldehyde, methylbenzaldehyde, dimethylben-
zaldehyde, trimethylbenzaldehyde, ethylbenzaldehyde, pro-
pylbenzaldehyde, butylbenzaldehyde (exclusive of t-butyl-
benzaldehyde), ethylmethylbenzaldehyde,
isopropylmethylbenzaldehyde, diethylbenzaldehyde, anisal-
dehyde, cyclopropylbenzaldehyde, cyclobutanebenzalde-
hyde, cyclopentanebenzaldehyde, cyclohexanebenzalde-
hyde, phenylbenzaldehyde, naphthylbenzaldehyde,
adamantylbenzaldehyde, norbornylbenzaldehyde, lactylben-
zaldehyde, isopropylbenzaldehyde, n-propylbenzaldehyde,
bromobenzaldehyde, and dimethylaminobenzaldehyde, with
isopropylbenzaldehyde, n-propylbenzaldehyde, bromoben-
zaldehyde, dimethylaminobenzaldehyde, cyclohexylbenzal-
dehyde, and phenylbenzaldehyde being preferred, and 4-iso-
propylbenzaldehyde, cyclohexylbenzaldehyde and 4-n-
propylbenzaldehyde being more preferred.

[0257] The aromatic carbonyl compound (A1) may have a
linear or branched alkyl group having 1 to 4 carbon atoms,
cyano group, hydroxyl group, or a halogen atom, as long as
the effect of the present invention is not adversely affected.
The aromatic carbonyl compound (A1) may be used alone or
in combination of two or more.

[0258] Examples of the phenol compound (A2) include
phenol, catechol, resorcinol, hydroquinone, and pyrogallol,
with resorcinol and pyrogallol being preferred and resorcinol
being more preferred. The phenol compound (A2) may have
a linear or branched alkyl group having 1 to 4 carbon atoms,
cyano group, hydroxyl group, or a halogen atom, as long as
the effect of the present invention is not adversely affected.
The phenol compound (A2) may be used alone or in combi-
nation of two or more.

[0259] The cyclic compound (A) may have a crosslinking
group which causes a crosslinking reaction induced by the
irradiation with visible lights, ultraviolet rays, excimer lasers,
electron beams, extreme ultraviolet rays (EUV), X-rays, or
ion beams. The crosslinking group is introduced into the
cyclic compound (A), for example, by a reaction with a
crosslinking group-introducing agent in the presence of a
base catalyst. Examples of the crosslinking group include a
carbon-carbon multiple bond, an epoxy group, an azide
group, a halogenate phenyl group, and chloromethyl group.
Examples of the crosslinking group-introducing agent
include an acid, an acid halide, an acid anhydride, a derivative
of carboxylic acid such as dicarbonate, and an alkyl halide. A
resist composition containing the cyclic compound (A) hav-
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ing a crosslinking group is also effective as a solvent-soluble,
non-polymeric radiation-sensitive composition with a high
resolution and heat resistance.

[0260] The cyclic compound (A) may be used as the main
component of a negative-type radiation-sensitive composi-
tion or may be added to a radiation-sensitive composition as
an additive for increasing the sensitivity and etching resis-
tance in place of using as the main component. When used as
an additive, the cyclic compound (BO) is used in an amount of
1 to 49.999% by weight of the total weight of the solid
component.

[0261] The cyclic compound (A) is useful as a negative-
type resist material which is made sparingly soluble in an
alkali developing solution upon the irradiation of KrF exci-
mer lasers, extreme ultraviolet rays, electron beams or
X-rays. It is recognized that the irradiation of KrF excimer
lasers, extreme ultraviolet rays, electron beams or X-rays
induces a condensation reaction between the cyclic com-
pounds (A) to form a compound sparingly soluble in an alkali
developing solution. The resist pattern thus obtained has a
very small LER.

[0262] An acid-non-dissociating functional group may be
introduced into at least one phenolic hydroxyl group of the
cyclic compound (A), as long as the effect of the present
invention is not adversely affected. The acid-non-dissociating
functional group is a characteristic group which is not disso-
ciated in the presence of acid, thereby failing to generate an
alkali-soluble group. Examples thereof include a group
which is not dissociated by the action of acid such as a C, 5,
alkyl group, a C;_,, cycloalkyl group, a C, ,, aryl group, a
C, .50 alkoxyl group, cyano group, nitro group, hydroxyl
group, a heterocyclic group, a halogen atom, carboxyl group,
a C,_,, alkylsilyl group, and a functional group derived from
derivatives of the preceding groups.

[0263] A naphthoquinonediazido ester group may be intro-
duced into at least one phenolic hydroxyl group of the cyclic
compound (A). The cyclic compound (A) having at least one
phenolic hydroxyl group into which the naphthoquinonedi-
azido ester group is introduced may be used as the main
component of a negative/positive-type radiation-sensitive
composition or a positive-type radiation-sensitive composi-
tion, or may be added to a radiation-sensitive composition as
an acid generator or additive.

[0264] An acid-generating functional group which gener-
ates an acid upon the irradiation with radiation may be intro-
duced into at least one phenolic hydroxyl group of the cyclic
compound (A). The cyclic polyphenol compound obtained by
introducing the acid-generating functional group into at least
one phenolic hydroxyl group of the cyclic compound (A) may
be used as the main component of a negative/positive-type
radiation-sensitive composition or a positive-type radiation-
sensitive composition, or may be added to a radiation-sensi-
tive composition as an acid generator or additive.

[0265] The cyclic compound (A) is produced by a known
method. For example, 1 mol of the aromatic carbonyl com-
pound (A1) and 0.1 to 10 mol of the phenol compound (A2)
are allowed to react in an organic solvent such as methanol
and ethanol in the presence of an acid catalyst (hydrochloric
acid, sulfuric acid, p-toluenesulfonic acid, etc.) at 60 to 150°
C. for about 0.5 to 20 h. After filtration, the collected precipi-
tates are washed with an alcohol such as methanol, washed
with water, and dried to obtain the cyclic compound (A).
Alternatively, the cyclic compound (A) may be obtained by
the same reaction except for using a basic catalyst (sodium
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hydroxide, barium hydroxide, 1,8-diazabicyclo[5.4.0]unde-
cane 7, etc.) in place of the acid catalyst. In addition, the cyclic
polyphenol compound (A) may be produced by converting
the aromatic carbonyl compound (A1) to a dihalide using a
hydrogen halide or halogen gas and allowing the isolated
dihalide to react with the phenol compound (A2).

[0266] In the production of the cyclic compound (A), the
use of two or more kinds of the aromatic carbonyl compounds
(A1) and/or two or more kinds of the phenol compounds (A2)
is preferred, because the solubility of the cyclic compound
(A) to be obtained in semiconductor safety solvents is
increased.

[0267] The cyclic compound (A) may be purified to reduce
the amount of residual metal, if necessary. If the acid catalyst
and co-catalyst remain, the storage stability of the radiation-
sensitive composition is generally lowered. If the basic cata-
lyst remains, the sensitivity of the radiation-sensitive compo-
sition is generally lowered. Therefore, the cyclic compound
(A) may be purified to reduce the remaining amount of such
catalytic compounds. The purification may be carried out by
any of known methods without limitation as long as the cyclic
compound (A) is not unfavorably changed, for example, by
washing with water, washing with an acidic aqueous solution,
washing with a basic aqueous solution, treating with an ion
exchange resin, and treating with a silica gel column chroma-
tography. The purification is preferably conducted in a com-
bination of two or more of the above methods. The acidic
aqueous solution, basic aqueous solution, ion exchange resin
and silica gel column may be suitably selected by taking the
amounts and kinds of the metal, acidic compound and basic
compound to be removed and the kind of the cyclic com-
pound (A) to be purified into consideration. For example,
hydrochloric acid, an aqueous solution of nitric acid and an
aqueous solution of acetic acid, each having a concentration
01'0.01 to 10 mol/L, are used as the acidic aqueous solution;
an aqueous ammonia solution having a concentration of 0.01
to 10 mol/L is used as the basic aqueous solution; and a cation
exchange resin such as Amberlyst 15J-HG Dry manufactured
by Organo Corporation is used as the ion exchange resin. The
purified product may be dried by aknown method such as, but
not limited to, a vacuum drying and a hot-air drying under the
conditions not changing the cyclic compound (A).

[0268] Itis preferred thatthe cyclic compound (d) has a low
sublimation ability under atmospheric pressure at 100° C. or
lower, preferably at 120° C. or lower, more preferably at 130°
C. or lower, still more preferably at 140° C. or lower, and
particularly preferably at 150° C. or lower. The low sublima-
tion ability referred to herein means that the weight loss after
a thermogravimetric analysis wherein a sample is kept at
predetermined temperature for 10 min is 10% or less, prefer-
ably 5% or less, more preferably 3% or less, still more pref-
erably 1% or less, and particularly preferably 0.1% or less. If
the sublimation ability is low, the contamination of the expo-
sure apparatus by the outgas generated in the exposing pro-
cess is prevented. In addition, a fine pattern with small LER is
obtained.

[0269] The cyclic compound (A) preferably satisfies the
requirement of F<3.0 wherein F is (total number of atoms)/
(total number of carbon atoms-total number of oxygen
atoms), and more preferably F<2.5. By satisfying the above
requirements, the dry-etching resistance is improved.

[0270] The cyclic compound (A) dissolves in a solvent at
23° C. preferably in 1% by weight or more, more preferably
in 3% by weight or more, still more preferably in 5% by
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weight or more, and particularly preferably in 10% by weight
or more when measured using the solvent having the highest
dissolving power to the cyclic polyphenol compound (A)
among propylene glycol monomethyl ether acetate, propy-
lene glycol monomethyl ether, 2-heptanone, anisole, butyl
acetate, ethyl propionate, and ethyl lactate. With such solu-
bility, the safety solvent acceptable in the semiconductor
factory can be used.

[0271] The crystallization heat of the cyclic compound (d)
is preferably less than 20 J/g when measured by a differential
scanning calorimetry of the glass transition temperature. The
difference, (crystallization temperature)—(glass transition
temperature), is preferably 70° C. or higher, more preferably
80° C. or higher, still more preferably 100° C. or higher, and
particularly preferably 130° C. or higher. Ifthe crystallization
heat is less than 20 J/g or the difference, (crystallization
temperature)—(glass transition temperature), is within the
above ranges, the radiation-sensitive composition is easily
made into an amorphous film by spin coating and the film-
forming properties required for the resist can be maintained
for a long period of time, thereby improving the resolution.

[0272] In the present invention, the crystallization heat,
crystallization temperature and glass transition temperature
are measured by a differential scanning calorimetry using
DSC/TA-SOWS manufactured by Shimadzu Corporation as
described below. A sample (about 10 mg) placed in a non-
sealed aluminum container is heated to a temperature higher
than the melting point at a temperature rising rate of 20°
C./min in a nitrogen gas flow (50 ml/min) After rapid cooling,
the sample is again heated to a temperature higher than the
melting point at a temperature rising rate of 20° C./min in a
nitrogen gas flow (30 ml/min). After rapid cooling, the sample
is again heated to 400° C. at a temperature rising rate of 20°
C./min in a nitrogen gas flow (30 ml/min). The middle point
of the region at which the base line turns discontinuous (the
point at which the specific heat reduces to half) is taken as the
glass transition temperature (Tg) and the temperature of the
exothermic peak appearing after the discontinuous region is
taken as the crystallization temperature. The crystallization
heat is determined by the area of the region which is sur-
rounded by the exothermic peak and the base line.

[0273] The molecular weight of the cyclic compound (A) is
700 to 5000, preferably 800 to 2000, and more preferably 900
to 1500. Within the above ranges, the resolution is improved
while maintaining the film-forming properties necessary for
the resists.

[0274] The cyclic compound of the invention may be a
cis-isomer, a trans-isomer or a mixture thereof. In view of
forming a highly uniform resist film, an isomerically pure
compound consisting of one of the cis-isomer and the trans-
isomer is preferred for the resist component of a radiation-
sensitive composition. The cyclic compound of only one of
the cis-isomer and the trans-isomer may be obtained by a
known method, for example, the separation by column chro-
matography and preparative liquid chromatography and the
optimization of the reaction solvent, reaction temperature,
etc.

[0275] In an embodiment of the present invention, the
cyclic compound (A) is preferably represented by the follow-
ing formula (37), (37-1) or (37-2):
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37

wherein R* is hydrogen atom, an alkyl group having 1 to 20
carbon atoms (exclusive of t-butyl group), a cycloalkyl group
having 3 to 20 carbon atoms, an aryl group having 6 to 20
carbon atoms, an alkoxyl group having 1 to 20 carbon atoms,
cyano group, nitro group, an heterocyclic group, a halogen
atom, carboxyl group, an alkylsilyl group having 1 to 20
carbon atoms, and a functional group selected from deriva-
tives of the preceding groups, L is the same as defined above,
and p is an integer of 0 to 5;

(37-1)
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-continued
OH

in the formulae (37-1) and (37-2), X, is hydrogen atom or a
halogen atom, m is an integer of 1 to 4, m; is an integer of 1 to
2, m, is 1, and R* and p are the same as defined above.
[0276] The cyclic compound (A) is more preferably repre-
sented by the following formula (38):

(39)

wherein R* and p are the same as defined above.
[0277] The cyclic compound (A) is still more preferably
represented by the following formula (39):

(39)
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-continued -continued

[0278] Also, the cyclic compound (A) is preferably repre-
sented by the following formula (40), and more preferably by wherein R” is independently hydrogen atom, a linear alkyl

the following formula (41): group having 1 to 12 carbon atoms, a halogen atom, cyano
group, hydroxyl group, an alkoxyl group or an ester group,
and

(40)
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-continued

[0279] In the above formulae, the repeating unit repre-
sented by the following formula (42-1) may intervene
between the hydrogen atom and the oxygen atom of the
hydroxyl group or the hydrogen atom of the hydroxyl group
may be replaced by the terminal group represented by the
following formula (42-2):

42-1)
(R¥)ns
~
N
| /]
<
(O)ns

%L \ /(R3)n s
)

(OH)ng.

, and

(42-2)

[0280] Inthe formulae (42-1)and (42-2), L is a single bond,
methylene group, ethylene group or carbonyl group. Plural L
are the same or different. n, is an integer of 0 to 4 and n, is an
integer of 1 to 3, satisfying 1 =n.+n,=5.x is an integer of O to
3. Plural ng, n, and x are the same or different, respectively. R>
is a substituent selected from the group consisting of halogen
atom, an alkyl group, a cycloalkyl group, an aryl group, an
aralkyl group, an alkoxyl group, an aryloxy group, an alkenyl
group, an acyl group, an alkoxycarbonyl group, an alkyloy-
loxy group, an aryloyloxy group, cyano group, and nitro
group. The halogen atom may include fluorine atom, chlorine
atom, bromine atom and iodine atom. The alkyl group has 1 to
4 carbon atoms and may include methyl group, ethyl group,
propyl group, n-propyl group, n-butyl group, isobutyl group,
sec-butyl group, and tert-butyl group. The cycloalkyl group
may include cyclohexyl group, norbornyl group, and ada-
mantyl group. The aryl group may include phenyl group, tolyl
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group, xylyl group, and naphthyl group. The aralkyl group
may include benzyl group, hydroxybenzyl group, and dihy-
droxybenzyl group. The alkoxyl group has 1 to 4 carbon
atoms and may include methoxy group, ethoxy group,
hydroxyethoxy group, propoxy group, hydroxypropoxy
group, isopropoxy group, n-butoxy group, isobutoxy group,
sec-butoxy group, and tert-butoxy group. The aryloxy group
may include phenoxy group. The alkenyl group has 2 to 4
carbon atoms and may include vinyl group, propenyl group,
allyl group, and butenyl group. The acyl group may include an
aliphatic acyl group having 1 to 6 carbon atoms such as
formyl group, acetyl group, propionyl group, butyryl group,
valeryl group, isovaleryl group, and pivaloyl group and an
aromatic acyl group such as benzoyl group and toluoyl group.
The alkoxycarbonyl group has 2 to 5 carbon atoms and may
include methoxycarbonyl group, ethoxycarbonyl group, pro-
poxycarbonyl group, isopropoxycarbonyl group, n-butoxy-
carbonyl group, isobutoxycarbonyl group, sec-butoxycarbo-
nyl group, and tert-butoxycarbonyl group. The alkyloyloxy
group may include acetoxy group, propionyloxy group,
butyryloxy group, isobutyryloxy group, valeryloxy group,
isovaleryloxy group, and pivaloyloxy group. The aryloyloxy
group may include benzoyloxy group. Plural R? are the same
or different.

[0281] Inthe cyclic compound (A), the ratio of the number
otf'halogen atoms to the total number of constituent atoms is
preferably 0.1 to 60%, more preferably 0.1 to 40%, still more
preferably 0.1 to 20%, particularly preferably 0.1 to 10%, and
most preferably 1 to 5%. Within the above ranges, the film-
forming properties can be maintained while increasing the
sensitivity to radiation. In addition, the solubility in safety
solvents is increased.

[0282] Theratio ofthe number of nitrogen atoms to the total
number of constituent atoms is preferably 0.1 to 40%, more
preferably 0.1 to 20%, still more preferably 0.1 to 10%, and
particularly preferably 0.1 to 5%. Within the above ranges,
the line edge roughness of the resist pattern to be obtained is
reduced. The nitrogen atom constituting a secondary or ter-
tiary amine is preferred and the nitrogen atom constituting a
tertiary amine is more preferred.

[0283] The cyclic compound (A) is made into an amor-
phous film by spin coating and can be applied to a general
semiconductor production process.

[0284] The dissolving speed of the amorphous film of the
cyclic compound (A) at 23° C. in a 2.38 mass % aqueous
solution of tetramethylammonium hydroxide (TMAH) is
preferably 10 A/sec or more, more preferably 10 to 10000
AM/sec, and still more preferably 100 to 1000 ksec. If being
10 A/sec or more, the amorphous film dissolves in an alkali
developing solution to form a resist pattern. If being 10000
Asec or less, the resolution may be improved in some cases.
This may be because that the contrast at the interface between
the non-exposed portion soluble in an alkali developing solu-
tion and the exposed portion insoluble in an alkali developing
solution is enhanced by the change of solubility before and
after exposing the cyclic compound (A) to radiation. In addi-
tion, LER and the number of defects are reduced.

[0285] The solid component of the radiation-sensitive com-
position is formed into an amorphous film by spin coating.
The dissolving speed of the amorphous film in a 2.38 mass %
aqueous solution of TMAH at 23° C. is preferably 10 A/sec or
more, more preferably 10 to 10000 A/sec, and still more
preferably 100 to 1000 A/sec. If being 10 A/sec or more, the
amorphous film dissolves in an alkali developing solution to
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form a resist pattern. If being 10000 A/sec or less, the reso-
Iution may be improved in some cases. This may be because
that the contrast at the interface between the non-exposed
portion soluble in an alkali developing solution and the
exposed portion insoluble in an alkali developing solution is
enhanced by the change of solubility before and after expos-
ing the cyclic compound (A) to radiation. In addition, LER
and the number of defects are reduced.

[0286] After exposing an amorphous film formed by spin-
coating the solid component of the radiation-sensitive com-
position to radiation such as KrF excimer lasers, extreme
ultraviolet rays, electron beams and X-rays, the dissolving
speed of the exposed area in a 2.38 mass % aqueous solution
of TMAH at 23° C. is preferably 5 A/sec or less, more pref-
erably 0.05 to 5 A/sec, and still more preferably 0.0005 to 5
A/sec. If being 5 A/sec or less, the exposed area is insoluble
in an alkali developing solution to form a resist. If being
0.0005 A/sec or more, the resolution may be improved in
some cases. This may be because that the micro surface of the
cyclic compound (A) is dissolved to reduce LER. In addition,
the number of defects is reduced.

[0287] The radiation-sensitive composition of the inven-
tion comprises preferably 1 to 80% by weight of the solid
component and 20 to 99% by weight of the solvent, more
preferably 1 to 50% by weight of the solid component and the
50 to 99% by weight of the solvent, still more preferably 2 to
40% by weight of the solid component and 60 to 98% by
weight of the solvent, and particularly preferably 2 to 10% by
weight of the solid component and 90 to 98% by weight of the
solvent. The content of the cyclic polyphenol compound (A)
is 50% by weight or more, preferably 65% by weight or more,
and more preferably 81% by weight or more, each based on
the total weight of the solid component. Within the above
ranges, a high resolution is obtained and the line edge rough-
ness is reduced.

[0288] The composition of the invention preferably con-
tains at least one kind of acid generator (C) which generates
an acid directly or indirectly by the irradiation with radiation
which is selected from visible lights, ultraviolet rays, excimer
lasers, electron beams, extreme ultraviolet rays (EUV),
X-rays, and ion beams. The amount of the acid generator (C)
to be used is preferably 0.001 to 50% by weight, more pref-
erably 1 to 40% by weight, and still more preferably 3 to 30%
by weight based on the total weight of the solid component
(total of'the cyclic polyphenol compound (A) and the optional
solid component such as the acid generator (C), acid
crosslinking agent (G), acid-diffusion controller (E) and other
components (F), the same being applied below). Within the
above ranges, a high sensitivity and a pattern profile with a
small line edge roughness is obtained. In the present inven-
tion, the acid can be generated by any method as long as the
acid is suitably generated within the system. The use of exci-
mer lasers in place of ultraviolet rays such as g-rays and i-rays
enables a finer processing. If high-energy rays such as elec-
tron beams, extreme ultraviolet rays, X-rays and ion beams
are used, the resist composition can be still more finely pro-
cessed.

[0289] The acid generator (C) is selected from those
described above with respect to the radiation-sensitive com-
position A.

[0290] The radiation-sensitive composition of the present
invention preferably contains at least one kind of the acid
crosslinking agent (G). The acid crosslinking agent (G)
referred to herein is a compound capable of crosslinking the
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cyclic compound (A) intramolecularly or intermolecularly in
the presence of the acid generated from the acid generator
(C). The acid crosslinking agent (G) may include, for
example, a compound having at least one group crosslinkable
to the cyclic compound (A) (crosslinkable group).

[0291] Examples of the crosslinkable groups include (i) a
hydroxyalkyl group or a group derived therefrom such as a
hydroxy(C1-C6 alkyl) group, a C1-C6 alkoxy(C1-C6 alkyl)
group, and an acetoxy(C1-C6 alkyl) group; (ii) a carbonyl
group or a group derived therefrom such as formyl group and
a carboxy(C1-C6 alkyl) group; (iii) a group having a nitro-
gen-containing group such as dimethylaminomethyl group,
diethylaminomethyl group, dimethylolaminomethyl group,
diethylolaminomethyl group, and morpholinomethyl group;
(iv) a group having a glycidyl group such as glycidyl ether
group, glycidyl ester group, and glycidylamino group; (v) a
group derived from an aromatic group, for example, a C1-C6
aryloxy(C1-C6 alkyl) group and a C1-C6 aralkyloxy(C1-C6
alkyl) group such as benzyloxymethyl group and benzoy-
loxymethyl group; and (vi) a group having a polymerizable
multiple bond such as vinyl group and isopropenyl group. The
crosslinkable group of the acid crosslinking agent (G) is
preferably the hydroxyalkyl group and the alkoxyalkyl group
and particularly preferably the alkoxymethyl group.

[0292] Examples ofthe acid crosslinking agent (G) having
the crosslinkable group include (i) a methylol group-contain-
ing compound such as a methylol group-containing
melamine compound, a methylol group-containing ben-
zoguanamine compound, a methylol group-containing urea
compound, a methylol group-containing glycoluril com-
pound, and a methylol group-containing phenol compound;
(i1) an alkoxyalkyl group-containing compound such as an
alkoxyalkyl group-containing melamine compound, an
alkoxyalkyl group-containing benzoguanamine compound,
an alkoxyalkyl group-containing urea compound, an alkoxy-
alkyl group-containing glycoluril compound, and an alkoxy-
alkyl group-containing phenol compound; (iii) a carboxym-
ethyl group-containing compound such as a carboxymethyl
group-containing melamine compound, a carboxymethyl
group-containing benzoguanamine compound, a carboxym-
ethyl group-containing urea compound, a carboxymethyl
group-containing glycoluril compound, and a carboxymethyl
group-containing phenol compound; and (iv) an epoxy com-
pound such as a bisphenol A-based epoxy compound, a
bisphenol F-based epoxy compound, a bisphenol S-based
epoxy compound, a novolak resin-based epoxy compound, a
resol resin-based epoxy compound, and a poly(hydroxysty-
rene)-based epoxy compound.

[0293] Other examples of the acid crosslinking agent (G)
include a crosslinkable compound or resin which is obtained
by introducing the crosslinkable group into the acidic func-
tional group of'a compound having a phenolic hydroxyl group
or an alkali-soluble resin. The crosslinkable group is intro-
duced in an amount of generally 5 to 100 mol %, preferably 10
to 60 mol %, and still more preferably 15 to 40 mol %, each
based on the total acidic functional groups of the compound
having a phenolic hydroxyl group and the alkali-soluble
resin. Within the above range, the crosslinking reaction pro-
ceeds sufficiently, the percentage film remaining is reduced,
and the swelling and serpentine of patterns are prevented.
[0294] The acid crosslinking agent (G) preferred for the
radiation-sensitive composition is an alkoxyalkylated urea
compound or its resin or an alkoxyalkylated glycoluril com-
pound or its resin. Particularly preferred as the acid crosslink-
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ing agents () are the compound represented by the following
formula (43) and an alkoxymethylated melamine compound
(acid crosslinking agent (G1)).

43)
(43-1)
0
ot N B
R’'0—cC C —OR
~n N
RS Rll
2
R X R0
(43-2)
R'0O—CH, H,C—OR’
\ /
N N
O=< :[ %O
N N
/ \
R’0—CH, H,C—OR”
(43-3)
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\Il\I Ir/
CH, CH,
e
7
RO SoRr?

[0295] In the formula (43), R” is independently hydrogen
atom, an alkyl group or an acyl group; R® to R'! are each
independently hydrogen atom, hydroxyl group, an alkyl
group, or an alkoxyl group; and X? is a single bond, methyl-
ene group, or oxygen atom.

[0296] Inthe formula (43), R” is preferably hydrogen atom,
an alkyl group having 1 to 6 carbon atoms or an acyl group
having 2 to 6 carbon atoms. An alkyl group having 1 to 3
carbon atoms such as methyl group, ethyl group, and propyl
group is more preferred. An acyl group having 2 to 4 carbon
atoms such as acetyl group and propionyl group is more
preferred. R® to R'' are each preferably hydrogen atom,
hydroxyl group, an alkyl group having 1 to 6 carbon atoms,
and an alkoxyl group having 1 to 6 carbon atoms. An alkyl
group having 1 to 3 carbon atoms such as methyl group, ethyl
group, and propyl group is more preferred. An alkoxyl group
having 1 to 3 carbon atoms such as methoxy group, ethoxy
group, and propoxy group is more preferred. X is a single
bond, methylene group or oxygen, and preferably a single
bond or methylene group. The groups representing R” to R**
and X* may be substituted by an alkyl group such as methyl
group and ethyl group, an alkoxyl group such as methoxy
group and ethoxy group, hydroxyl group, or a halogen atom.
Plural R7, R® to R'* are the same or different, respectively.
[0297] Examples of the compound of the formula (43-1)
include the following compounds.

A
g

H 2
C —OCH;

H;CO—C'_ _
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[0298] Examples of the compound of the formula (43-2)
include N,N,N,N-tetra(methoxymethyl)glycoluril, N,N,N,
N-tetra(ethoxymethyl)glycoluril, N,N,N,N-tetra(n-pro-
poxymethyl)glycoluril, N,N,N,N-tetra(isopropoxymethyl)
glycoluril, N,N,N,N-tetra(n-butoxymethyl)glycoluril, and
N,N,N,N-tetra(t-butoxymethyl)glycoluril, with N,N,N,N-
tetra(methoxymethyl)glycoluril being particularly preferred.
[0299] Examples of the compound of the formula (43-3)
include the following compounds.

O
H H
C C
HO/ \/N N/ \OH
Ho—Cl O
O
H H
C
HCO/ \N N/ \OCH
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[0300] Examples of the alkoxymethylated melamine com-
pound include N,N,N,N,N,N-hexa(methoxymethyl)
melamine,  N,N,N,N,N,N-hexa(ethoxymethyl)melamine,
N,N,N,N,N,N-hexa(n-propoxymethyl)melamine, N,N,N,N,
N,N-hexa(isopropoxymethyl)melamine, N,N,N,N,N,N-hexa
(n-butoxymethyl)melamine, and N,N,N,N,N,N-hexa(t-bu-
toxymethyl)melamine, with N,N,N,N,N,N-hexa
(methoxymethyl)melamine being particularly preferred.

[0301] The acid crosslinking agent (G1) is produced as
follows. First, a methylol group is introduced into a urea
compound or a glycoluril compound by the condensation
reaction with formalin. The obtained product is then etheri-
fied by a lower alcohol such as methyl alcohol, ethyl alcohol,
propyl alcohol, and butyl alcohol. After cooling the reaction
product liquid, the precipitated compound or resin is recov-
ered. Also, the acid crosslinking agent (G1) is commercially

OH
LY i 12

NHCO

NHCONHPh
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HO | HO |
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OH
LS L’
Ll \ L6
/
HO OH

L2 L’
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AN

13

| OH |
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available under tradename of Cymel (manufactured by Mitsui
Cyanamid, Inc.) and Nikalac (manufactured by Sanwa
Chemical Co., Ltd.).

[0302] Another preferred acid crosslinking agent (G) is a
phenol derivative (acid crosslinking agent (G2)) having in its
molecule 1 to 6 benzene rings and two or more hydroxyalkyl
group and/or alkoxyalkyl group in total which are bonded to
any of the benzene rings. Preferred is a phenol derivative
having a molecular weight of 1500 or less and having in its
molecule 1 to 6 benzene rings and two or more hydroxyalkyl
group and/or alkoxyalkyl group in total which are bonded to
any one or more of the benzene rings.

[0303] Preferred examples of the hydroxyalkyl group to be
bonded to the benzene ring include those having 1 to 6 carbon
atoms such as hydroxymethyl group, 2-hydroxyethyl group,
and 2-hydroxyl-propyl group. Preferred examples of the
alkoxyalkyl group to be bonded to the benzene ring include
those having 2 to 6 carbon atoms such as methoxymethyl
group, ethoxymethyl group, n-propoxymethyl group, isopro-
poxymethyl group, n-butoxymethyl group, isobutoxymethyl
group, sec-butoxymethyl group, t-butoxymethyl group,
2-methoxyethyl group, and 2-methoxy-1-propyl group.
[0304] Particularly preferred phenol derivatives are listed
below.

NHCOPh

on oH oH on
Ll LZ Ll LZ Ll LZ Ll LZ
—< CH,
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[0305] In the above formulae, L' to L® are the same or
different and each independently hydroxymethyl group,
methoxymethyl group or ethoxymethyl group. The phenol
derivative having a hydroxymethyl group is produced by the
reaction of a corresponding phenol compound having no
hydroxymethyl group (compound of the above formulae in
which L' to L® are each hydrogen atom) with formaldehyde in
the presence of a basic catalyst. The reaction is preferably
performed at 60° C. or lower to prevent the product from
being made resinous or gelated. For example, the phenol
derivative is produced by a method described in IP
6-282067A or IP 7-64285A.

L4
OH
L4
OH
L4
OH OH
L3
LS
OH
L7
L6
OH
LS
[0306] The phenol derivative having an alkoxymethyl

group is produced by the reaction of a corresponding phenol
derivative having hydroxymethyl group and an alcohol in the
presence of an acid catalyst. The reaction is preferably per-
formed at 100° C. or lower to prevent the product from being
made resinous or gelated. For example, the phenol derivative
is produced by a method described in EP 632003 A1.

[0307] The phenol derivative having hydroxymethyl group
and/or an alkoxymethyl group produced in the above manner
is excellent in the storage stability, and the phenol derivative
having an alkoxymethyl groups is particularly preferred in
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view of the storage stability. The acid crosslinking agent (G2)
may be used alone or in combination of two or more.

[0308] Still another preferred acid crosslinking agent (G)
(acid crosslinking agent (G3)) is a compound having at least
one a-hydroxyisopropyl group. The structure of such com-
pounds is not specifically limited as far as the compounds
have a-hydroxyisopropyl group. The hydrogen atom in the
hydroxyl group of a-hydroxyisopropyl group may be
replaced by at least one acid-dissociating group such as
R—COO— and R—SO,— wherein R is a group selected
from the group consisting of a linear hydrocarbon group
having 1 to 12 carbon atoms, a cyclic hydrocarbon group
having 3 to 12 carbon atoms, an alkoxy group having 1 to 12
carbon atoms, a 1-branched alkyl group having 3 to 12 carbon
atoms, and an aromatic hydrocarbon group having 6 to 12
carbon atoms. Examples of the compound having a.-hydroxy-
isopropyl group may be one or more kinds of compounds
selected from aromatic compounds, diphenyl compounds,
naphthalene compounds, and furan compounds, each being
substituted or non-substituted and having at least one c-hy-
droxyisopropyl group. Specific examples thereof are the
compound of the following formula (44-1) (benzene com-
pound (1)), the compound of the formula (44-2) (diphenyl
compound (2)), the compound of the formula (44-3) (naph-
thalene compound (3)), and the compound of the formula
(44-4) (furan compound (4)).

2 (44-1)
|
/ }
Az/\=|_
AZ
A2 A2 2
| |
{ Y= )
NS e
A? A?
A? A? e
e
WX,
A2 A2 .
/ \
RS 0 R*

[0309] Inthe formulae (44-1)to (44-4), each A? is indepen-
dently a-hydroxyisopropyl group or hydrogen atom, and at
least one A” is a-hydroxyisopropyl group. In the formula
(44-1), R®" is hydrogen atom, hydroxyl group, a linear or
branched alkylcarbonyl group having 2 to 6 carbon atoms, or
a linear or branched alkoxycarbonyl group having 2 to 6
carbon atoms. In the formula (44-2), R>* is a single bond, a
linear or branched alkylene group having 1 to 5 carbon atoms,
—0—,—CO—, or—COO—. Inthe formula (44-4), R>* and
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R>* are each independently hydrogen atom or a linear or
branched alkyl group having 1 to 6 carbon atoms.

[0310] Examples of the benzene compound (1) include
a-hydroxyisopropylbenzenes such as a-hydroxyisopropyl-
benzene, 1,3-bis(a-hydroxyisopropyl)benzene, 1,4-bis(a-
hydroxyisopropyl)benzene, 1,2,4-tris(a-hydroxyisopropyl)
benzene, and  1,3,5-tris(a-hydroxyisopropyl)benzene;
a-hydroxyisopropylphenols such as 3-c-hydroxyisopropy-
Iphenol, 4-a-hydroxyisopropylphenol, 3,5-bis(a-hydroxy-
isopropyl)phenol, and 2.4,6-tris(a-hydroxyisopropyl)phe-
nol; a-hydroxyisopropylphenyl alkyl ketones such as 3-a.-

hydroxyisopropylphenyl methyl ketone, 4-a-
hydroxyisopropylphenyl methyl ketone, 4-a-
hydroxyisopropylphenyl ethyl ketone, 4-a-
hydroxyisopropylphenyl n-propyl ketone, 4-a-
hydroxyisopropylphenyl isopropyl ketone, 4-a-
hydroxyisopropylphenyl n-butyl ketone, 4-a-
hydroxyisopropylphenyl t-butyl ketone, 4-a-
hydroxyisopropylphenyl n-pentyl ketone, 3,5-bis(a-
hydroxyisopropyl)phenyl = methyl ketone, 3,5-bis(a-

hydroxyisopropyl)phenyl ethyl ketone, and 2,4,6-tris(c-
hydroxyisopropyl)phenyl methyl ketone; and alkyl 4-a-
hydroxyisopropylbenzoates such as methyl 3-a-
hydroxyisopropylbenzoate, methyl 4-a-
hydroxyisopropylbenzoate, ethyl 4-a-

hydroxyisopropylbenzoate, n-propyl 4-a-
hydroxyisopropylbenzoate, isopropyl 4-a-
hydroxyisopropylbenzoate, n-butyl 4-a-
hydroxyisopropylbenzoate, t-butyl 4-a-
hydroxyisopropylbenzoate, n-pentyl 4-a-
hydroxyisopropylbenzoate, methyl 3,5-bis(at-

hydroxyisopropyl)benzoate, ethyl
hydroxyisopropyl)benzoate, and methyl
hydroxyisopropyl)benzoate.

[0311] Examples of the diphenyl compound (2) include
a-hydroxyisopropylbiphenyls such as 3-c.-hydroxyisopropy-
Ibiphenyl, 4-a-hydroxyisopropylbiphenyl, 3,5-bis(c-hy-
droxyisopropyl)biphenyl, 3,3'-bis(a-hydroxyisopropyl)bi-
phenyl, 3,4'-bis(a-hydroxyisopropyl)biphenyl, 4,4'-bis(ct-
hydroxyisopropyl)biphenyl, 2,4,6-tris(a-hydroxyisopropyl)
biphenyl, 3,3',5-tris(a-hydroxyisopropyl)biphenyl, 3.4',5-
tris(a-hydroxyisopropyl)biphenyl, 2,3'4,6-tetrakis(ct-
hydroxyisopropyl)biphenyl, 2,4.4' 6-tetrakis(at-
hydroxyisopropyl)biphenyl, 3,3',5,5 -tetrakis(a-
hydroxyisopropyl)biphenyl, 2,3'4,5" 6-pentakis(ct-
hydroxyisopropyl)biphenyl, and 2,2'4.4'.6,6'-hexakis(c-
hydroxyisopropyl)biphenyl;

a-hydroxyisopropyldiphenylalkanes such as 3-a-hydroxy-
isopropyldiphenylmethane, 4-a-hydroxyisopropyldiphenyl-
methane, 1-(4-a-hydroxyisopropylphenyl)-2-phenylethane,
1-(4-a-hydroxyisopropylphenyl)-2-phenylpropane, 2-(4-a.-

3,5-bis(at-
2,4,6-tris(ao-

hydroxyisopropylphenyl)-2-phenylpropane, 1-(4-a-hy-
droxyisopropylphenyl)-3-phenylpropane, 1-(4-a-hydroxy-
isopropylphenyl)-4-phenylbutane, 1-(4-a-
hydroxyisopropylphenyl)-5-phenylpentane, 3,5-bis(at-
hydroxyisopropyldiphenylmethane, 3,3"bis(at-
hydroxyisopropyl)diphenylmethane, 3,4'-bis(a-
hydroxyisopropyl)diphenylmethane, 4.4'-bis(a-
hydroxyisopropyl)diphenylmethane, 1,2-bis(4-at-
hydroxyisopropylphenyl)ethane, 1,2-bis(4-at-
hydroxypropylphenyl)propane, 2,2-bis(4-a-
hydroxypropylphenyl)propane, 1,3-bis(4-at-
hydroxypropylphenyl)propane, 2,4,6-tris(ao-
hydroxyisopropyl)diphenylmethane, 3,3" 5-tris(at-
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hydroxyisopropyl)diphenylmethane,
hydroxyisopropyl)diphenylmethane,
hydroxyisopropyl)diphenylmethane, 2,4,4' 6-tetrakis(ot-
hydroxyisopropyl)diphenylmethane, 3,3',5,5'-tetrakis(ot-
hydroxyisopropyl)diphenylmethane, 2,3'.4,5',6-pentakis(ct-
hydroxyisopropyl)diphenylmethane, and 2,2'.4,4',6,6'-
hexakis(a-hydroxyisopropyl)diphenylmethane;
a-hydroxyisopropyldiphenyl ethers such as 3-a-hydroxyiso-
propyldiphenyl ether, 4-a-hydroxyisopropyldiphenyl ether,
3,5-bis(a-hydroxyisopropyl)diphenyl ether, 3,3'-bis(a-hy-
droxyisopropyl)diphenyl ether, 3,4'-bis(a-hydroxyisopro-
pyDdiphenyl ether, 4,4'-bis(a-hydroxyisopropyl)diphenyl
ether, 2,4,6-tris(a-hydroxyisopropyl)diphenyl ether, 3,3',5-
tris(a-hydroxyisopropyl)diphenyl ether, 3,4',5-tris(c-hy-
droxyisopropyl)diphenyl ether, 2,3',4,6-tetrakis(a-hydroxy-
isopropyl)diphenyl ether, 2,4,4' 6-tetrakis(ot-
hydroxyisopropyl)diphenyl  ether,  3,3'.5,5'-tetrakis(ct-
hydroxyisopropyl)diphenyl ether, 2,3'4,5',6-pentakis(c-
hydroxyisopropyl)diphenyl ether, and 2,2'.4.4'.6,6'-hexakis
(o-hydroxyisopropyl)diphenyl ether;
a-hydroxyisopropyldiphenyl ketones such as 3-a-hydroxy-
isopropyldiphenyl ketone, 4-c-hydroxyisopropyldiphenyl
ketone, 3,5-bis(a-hydroxyisopropyl)diphenyl ketone, 3,3'-
bis(a-hydroxyisopropyl)diphenyl ketone, 3.4'-bis(a-hy-
droxyisopropyl)diphenyl ketone, 4,4'-bis(a-hydroxyisopro-
pyDdiphenyl ketone, 2,4,6-tris(a-hydroxyisopropyl)
diphenyl ketone, 3,3',5-tris(c-hydroxyisopropyl)diphenyl
ketone, 3,4',5-tris(a-hydroxyisopropyl)diphenyl ketone, 2,3',
4,6-tetrakis(a-hydroxyisopropyl)diphenyl ketone, 2.4.4'.6-
tetrakis(a-hydroxyisopropyl)diphenyl ketone, 3,3'.5,5'-tet-
rakis(a-hydroxyisopropyl)diphenyl  ketone, 2,3'.4,5',6-
pentakis(a-hydroxyisopropyl)diphenyl ketone, and 2,2',4,4',
6,6'-hexakis(a-hydroxyisopropyl)diphenyl  ketone; and
phenyl a-hydroxyisopropylbenzoates such as phenyl 3-a-
hydroxyisopropylbenzoate, phenyl 4-a-hydroxyisopropyl-
benzoate, 3-c-hydroxyisopropylphenyl benzoate, 4-c-hy-
droxyisopropylphenyl  benzoate, phenyl 3,5-bis(a-
hydroxyisopropyl)benzoate, 3-c-hydroxyisopropylphenyl
3-a-hydroxyisopropylbenzoate, 4-a-hydroxyisopropylphe-
nyl 3-a-hydroxyisopropylbenzoate, 3-a-hydroxyisopropy-
Iphenyl 4-a-hydroxyisopropylbenzoate, 4-a-hydroxyisopro-
pylphenyl  4-a-hydroxyisopropylbenzoate,  3,5-bis(a-
hydroxyisopropyl)phenyl benzoate, phenyl 2,4,6-tris(c-
hydroxyisopropyl)benzoate, 3-c-hydroxyisopropylphenyl
3,5-bis(a-hydroxyisopropyl)benzoate, 4-a-hydroxyisopro-
pylphenyl 3,5-bis(a-hydroxyisopropyl)benzoate, 3,5-bis(ct-
hydroxyisopropyl)phenyl  3-a-hydroxyisopropylbenzoate,
3,5-bis(a-hydroxyisopropyl)phenyl 4-c-hydroxyisopropyl-
benzoate, 2,4,6-tris(a-hydroxyisopropyl)phenyl benzoate,
3-a-hydroxyisopropylphenyl  2,4,6-tris(a-hydroxyisopro-
pyDbenzoate, 4-a-hydroxyisopropylphenyl 2,4,6-tris(c-hy-
droxyisopropyl)benzoate, 3,5-bis(a-hydroxyisopropyl)phe-
nyl 3,5-bis(a-hydroxyisopropyl)benzoate,  2,4,6-tris(ct-
hydroxyisopropyl)phenyl  3-a-hydroxyisopropylbenzoate,
2.,4,6-tris(a-hydroxyisopropyl)phenyl  4-a-hydroxyisopro-
pylbenzoate, 3,5-bis(c-hydroxyisopropyl)phenyl 2,4,6-tris
(a-hydroxyisopropyl)benzoate, 2.4,6-tris(a-hydroxyisopro-
pyDphenyl 3,5-bis(a-hydroxyisopropyl)benzoate, and 2.4,6-
tris(a-hydroxyisopropyl)phenyl 2,4,6-tris(at-
hydroxyisopropyl)benzoate.

[0312] Examples of the naphthalene compound (3) include
1-(a-hydroxyisopropyl)naphthalene, 2-(a-hydroxyisopro-
pyDnaphthalene, 1,3-bis(ci-hydroxyisopropyl)naphthalene,
1,4-bis(a-hydroxyisopropyl)naphthalene, 1,5-bis(a-hy-

3,4' 5-tris(a-
2,3'.4,6-tetrakis(ot-
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droxyisopropyl)naphthalene, 1,6-bis(ct-hydroxyisopropyl)
naphthalene, 1,7-bis(c-hydroxyisopropyl)naphthalene, 2,6-

bis(a-hydroxyisopropyl)naphthalene, 2,7-bis(at-
hydroxyisopropyl)naphthalene, 1,3,5-tris(a-
hydroxyisopropyl)naphthalene, 1,3,6-tris(a-
hydroxyisopropyl)naphthalene, 1,3,7-tris(a-
hydroxyisopropyl)naphthalene, 1,4,6-tris(o-
hydroxyisopropyl)naphthalene, 1,4,7-tris(a-

hydroxyisopropyl)naphthalene, and
hydroxyisopropyl)naphthalene.

[0313] Examples of the furan compound (4) include 3-(a-
hydroxyisopropyl)furan, 2-methyl-3-(a-hydroxyisopropyl)
furan, 2-methyl-4-(a-hydroxyisopropyl)furan, 2-ethyl-4-a.-
hydroxyisopropyl)furan, 2-n-propyl-4-(ct-
hydroxyisopropyl)furan, 2-isopropyl-4-a.-
hydroxyisopropyl)furan, 2-n-butyl-4-(a-hydroxyisopropyl)
furan, 2-t-butyl-4-a-hydroxyisopropyl)furan, 2-n-pentyl-4-
(a-hydroxyisopropyl)furan, 2,5-dimethyl-3-a.-
hydroxyisopropyl)furan, 2,5-diethyl-3-(at-
hydroxyisopropyl)furan, 3,4-bis(ca-hydroxyisopropyl)furan,
2,5-dimethyl-3,4-bis(a-hydroxyisopropyl)furan, and 2,5-di-
ethyl-3,4-bis(c-hydroxyisopropyl)furan.

[0314] The acid crosslinking agent (G3) is preferably the
compound having two or more free a-hydroxyisopropyl
groups, more preferably the benzene compound (1) having
two or more o.-hydroxyisopropyl groups, the diphenyl com-
pound (2) having two or more a-hydroxyisopropyl groups or
the naphthalene compound (3) having two or more a-hy-
droxyisopropyl groups, and particularly preferably the c-hy-
droxyisopropylbiphenyl compound having two or more
a-hydroxyisopropyl groups or the naphthalene compound (3)
having two or more a-hydroxyisopropyl groups.

[0315] The acid crosslinking agent (G2) is generally pro-
duced by a method in which an acetyl group-containing com-
pound such as 1,3-diacetylbenzene is methylated by a Grig-
nard reagent such as CH,MgBr and then hydrolyzed, or a
method in which an isopropyl group-containing compound
such as 1,3-diisopropylbenzene is converted into a peroxide
by the oxidation by oxygen, etc. and then the peroxide is
reduced.

[0316] Theblendingratio ofthe acid crosslinking agent (G)
is 0.5 to 70 parts by weight, preferably 0.5 to 40 parts by
weight, and still more preferably 1 to 30 parts by weight, each
based on 100 parts by weight of the cyclic compound (A). A
blending ratio of 0.5 parts by weight or more is preferred
because the effect of controlling the solubility of the resist
film in an alkali developing solution is enhanced, to prevent
the reduction of film residue and prevent the patterns from
being swelled and made serpentine. If the blending ratio is 70
parts by weight or less, the reduction of the resist in the heat
resistance is preferably prevented.

[0317] The blending ratio of at least one compound
selected from the acid crosslinking agent (G1), acid
crosslinking agent (G2), and acid crosslinking agent (G3) in
the acid crosslinking agent (G) is not limited, and suitably
determined according to the kind of substrate to be used in the
formation of resist patterns.

[0318] The content of the alkoxymethylated melamine
compound and/or the compounds of the formulae (43-1) to
(43-3) in the total acid crosslinking agent component is 50 to
99% by weight, preferably 60 to 99% by weight, more pref-
erably 70 to 98% by weight, and still more preferably 80 to
97% by weight. If being 50% by weight or more, the resolu-

1,3,5,7-tetrakis(ct-
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tion is preferably improved. If being 99% by weight or less,
the cross section of the patterns is easily made into a rectan-
gular shape.

[0319] The radiation-sensitive composition may contain
the acid-diffusion controller (E) which prevents the undesir-
able chemical reactions in the unexposed areas by controlling
the diffusion of the acid, which is generated from the acid
generator upon the irradiation of radiation, throughout the
resist film. Using the acid-diffusion controller (E), the storage
stability of the radiation-sensitive composition is improved.
In addition, the resolution is improved and the change of line
width of resist patterns due to the change in the process
time-delay before the irradiation of electron beams and the
change in the process time-delay after the irradiation of elec-
tron beams is prevented, to ensure the stable production.
Examples of the acid-diftfusion controller (E) include basic
compounds decomposable by the irradiation of electron
beams such as nitrogen-containing basic compounds, basic
sulfonium compounds, and basic iodonium compounds. The
acid-diffusion controller may be used alone or in combination
of two or more. Specific examples thereof are mentioned
above with respect to the radiation-sensitive composition A.
[0320] The blending amount of the acid-diffusion control-
ler (E) is preferably 0.001 to 10% by weight, more preferably
0.001 to 5% by weight, and still more preferably 0.001 to 3%
by weight, each based on the total weight of the solid com-
ponent. Within the above ranges, the lowering of resolution
and the deterioration of pattern profiles and dimension accu-
racy are prevented. In addition, the unfavorable change of the
upper profile of pattern is prevented even if the process-time
delay between the irradiation of radiation and the post-irra-
diation heating is prolonged. If being 10% by weight or less,
the sensitivity and developability of the unexposed area can
be prevented from being reduced. Further, the use of the
acid-diffusion controller improves the storage stability of the
radiation-sensitive composition, improves the sensitivity, and
prevents the change of line width of resist patterns due to the
change in the process-time delay before the irradiation of
electron beams and the change in the process-time delay after
the irradiation of electron beams, to ensure the stable produc-
tion.

[0321] The radiation-sensitive composition of the inven-
tion may contain, if necessary, one or more kinds of other
component (F), for example, additives such as a dissolution
promotor, a solubility controller, a sensitizer, a surfactant, an
organic carboxylic acid and its derivatives, and a phosphorus-
containing oxoacid and its derivatives, as long as the effect of
the invention is not adversely affected.

Low Molecular Weight Dissolution Promotor

[0322] The low molecular weight dissolution promotor is a
compound for adequately increasing the dissolving speed of
the cyclic compound (A) in an alkali or other developing
solutions by increasing its solubility in the developing solu-
tions, if the solubility is excessively low. The low molecular
weight dissolution promotor may be used in an amount which
does not adversely affect the effects of the present invention.
Examples of the dissolution promotor include a low-molecu-
lar weight phenol compound such as bisphenol and tris(hy-
droxyphenyl)methane. The dissolution promotor may be
used singly or in combination of two or more.

[0323] The blending amount of the dissolution promotor
varies depending upon the kind of the cyclic compound (A) to
be used. The total of the cyclic compound (A) and the low
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molecular weight dissolution promotor is 50 to 99.999% by
weight, preferably 60 to 99% by weight, more preferably 70
to 99% by weight, and still more preferably 80 to 99% by
weight, each base on the total weight of the solid component.
[0324] The additives such as the solubility controller, sen-
sitizer, surfactant, organic carboxylic acid, phosphorus-con-
taining oxoacid and derivatives thereof are as mentioned
above with respect to the radiation-sensitive composition A.
[0325] Inthe radiation-sensitive composition, the blending
ratio (cyclic compound (A)/acid generator (C)/acid crosslink-
ing agent (G)/acid-diffusion controller (E)/optional compo-
nent (F)) is, when expressed by weight percentages based on
solid, preferably 3-96.9/0.1-30/3-65/0.01-30/0-93.9, more
preferably 65-96.9/0.1-30/0.3-34.9/0.01-30/0-30, still more
preferably 65-96.9/0.1-30/0.3-34.9/0.01-30/0-10, particu-
larly preferably 65-96.9/0.1-30/0.6-34.9/0.01-30/0-5, and
most preferably 65-96.9/0.1-30/0.6-30/0.01-30/0. With the
above ratio, the sensitivity, resolution and alkali developabil-
ity are good.

[0326] If the optional component (F) is not contained, the
proportion of the solid components in the radiation-sensitive
composition is preferably (A): 3 to 96.9% by weight, (C): 0.1
to 30% by weight, (G): 0.3 to 96.9% by weight, and (E): 0.01
t0 30% by weight ((A)+(C)+(G)+(E)=100% by weight), more
preferably (A): 65 to 96.9% by weight, (C): 0.1 to 32% by
weight, (G): 0.3 to 34.9% by weight, and (E): 0.01 to 30% by
weight ((A)+(C)+(G)+(E)=100% by weight), still more pref-
erably (A): 7010 96.9% by weight, (C): 0.1 to 27% by weight,
(G): 3.0 t0 29.9% by weight, and (E): 0.01 to 30% by weight
((A)+(O)+G)+(E)=100% by weight), particularly preferably
(A): 80 10 96.9% by weight, (C): 0.1 to 17% by weight, (G):
3.0 to 19.9% by weight, and (E): 0.01 to 30% by weight
((A)+(O)+G)+(E)=100% by weight), and most preferably
(A): 9010 96.9% by weight, (C): 0.1 to 7% by weight, (G): 3.0
10 9.9% by weight, and (E): 0.01 to 30% by weight ((A)+(C)+
(G)+(E)=100% by weight). Within the above ranges, the sen-
sitivity, resolution and alkali developability are good.

[0327] The radiation-sensitive composition is prepared just
before use by dissolving the components in a solvent into a
uniform solution and, if necessary, filtering the solution
through a filter with about 0.2 pm pore size.

[0328] The solvent for use in the preparation of the radia-
tion-sensitive composition is selected from those mentioned
above with respect to the radiation-sensitive composition A.
[0329] The radiation-sensitive composition may contain a
resin soluble in an aqueous alkali solution, as long as the
effect of the invention is not adversely affected. Examples of
the resin soluble in an aqueous alkali solution include novolak
resins, polyvinylphenols, polyacrylic acid, polyvinyl alcohol,
styrene-maleic anhydride resins, polymers containing the
monomer units derived from acrylic acid, vinyl alcohol or
vinylphenol, and their derivatives. The blending amount of
the resin soluble in an aqueous alkali solution varies depend-
ing upon the kind of the resist compound to be used, and
preferably 30 parts by weight or less, more preferably 10 parts
by weight or less, still more preferably 5 parts by weight or
less, and particularly preferably O part by weight, each based
on 100 parts by weight the cyclic polyphenol compound (A).

Composition for Under Coat Film D and Under Coat Film

[0330] The present invention further relates to a composi-
tion for under coat film containing any of the radiation-sen-
sitive compositions C described above.
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[0331] The present invention still further relates to a com-
position for under coat film containing the cyclic compound
represented by the following formula (45):

(45)

HO. OH

HO

HO

HO OH

wherein R* is independently a linear, branched or cyclic alkyl
group having 1 to 20 carbon atoms, an aryl group having 6 to
24 carbon atoms, allyl group, a hydroxyalkyl group, a
cyanoalkyl group, a haloalkyl group, a hydroxyaryl group, a
cyanoaryl group, or a haloaryl group.

[0332] The above cyclic compound is highly heat-resistant
because of its glass transition point as high as 200° C. or
higher, excellent in the film-forming properties because of its
amorphous nature, and less sublimable. Although having
benzene structures, the above cyclic compound surprisingly
has a relatively low extinction coefficient for light at a wave-
length of 193 nm and a high refractive index.

[0333] In addition, the above cyclic compounds are practi-
cally very advantageous because the compounds can be pro-
duced in high yields by a condensation reaction with elimi-
nation of water in the presence of a non-metallic catalyst such
as hydrochloric acid while using various kinds of aldehydes
such as aromatic aldehydes and phenols such as resorcinol
and pyrogallol as the starting materials, each being industri-
ally produced and easily available.

[0334] Further, the above cyclic compounds are sparingly
soluble in propylene glycol monomethyl ether acetate (PG-
MEA) which is generally used as a resist solvent but soluble
in propylene glycol monomethyl ether (PGME) and cyclo-
hexanone, and therefore, the intermixing is prevented during
the production of a multi-layered resist.

[0335] Examples of R' in the formula (45) include a linear,
branched or cyclic alkyl group having 1 to 20 carbon atoms
such as methyl group, ethyl group, propyl group, butyl group,
pentyl group, hexyl group, heptyl group, octyl group, nonyl
group, decanyl group, cyclohexylethyl, and cyclohexylpro-
pyl; a linear, branched or cyclic hydroxyalkyl group having 1
to 20 carbon atoms such as hydroxymethyl group, hydroxy-
ethyl group, hydroxypropyl group, hydroxybutyl group,
hydroxypentyl group, hydroxyhexyl group, hydroxyheptyl
group, hydroxyoctyl group, hydroxynonyl group, hydroxy-
decanyl group, hydroxycyclohexylethyl, and hydroxycyclo-
hexylpropyl; a linear, branched or cyclic cyanoalkyl group
having 1 to 20 carbon atoms such as cyanomethyl group,
cyanoethyl group, cyanopropyl group, cyanobutyl group,
cyanopentyl group, cyanohexyl group, cyanoheptyl group,
cyanooctyl group, cyanononyl group, cyanodecanyl group,
cyanocyclohexylethyl, and cyanocyclohexylpropyl; a linear,
branched or cyclic haloalkyl group having 1 to 20 carbon
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atoms such as halomethyl group, haloethyl group, halopropyl
group, halobutyl group, halopentyl group, halohexyl group,
haloheptyl group, halooctyl group, halononyl group, halode-
canyl group, halocyclohexylethyl, and halocyclohexylpro-
pyl; an aryl group having 6 to 20 carbon atoms such as phenyl
group, naphthyl group, indanyl group, indenyl group, fluore-
nyl group, anthracenyl group, phenanthrenyl group, pyrenyl
group, biphenyl group, terphenyl group, tolyl group, eth-
ylphenyl group, isopropylphenyl group, n-propylphenyl
group, isbutylphenyl group, t-butylphenyl group, biphenyl
group, 4-cyclohexylphenyl group, 4-propyld-cyclohexylphe-
nyl group, 4-butyl4-cyclohexylphenyl group, 4-pentyl-4-cy-
clohexylphenyl group, 4-salicylphenyl group, 4-norbon-
lylphenyl group, 4-adamantylphenyl group,
4-dicyclopentadienylphenyl group, and 4-tricyclopentylphe-
nyl group; a cyanoaryl group such as 4-cyanophenyl group
and 4-cyanobiphenyl group; a haloaryl group such as
4-halophenyl group and 4-halobiphenyl group; and a
hydroxyaryl group such as 4-hydroxyphenyl group.

[0336] Particularly preferred are the aryl group having 6 to
24 carbon atoms, the hydroxyaryl group, the cyanoaryl group,
and the haloaryl group.

[0337] The cyclic compound of the invention may be a
cis-isomer, a trans-isomer or a mixture thereof. The cyclic
compound of only one of the cis-isomer and the trans-isomer
may be obtained by a known method, for example, the sepa-
ration by column chromatography and preparative liquid
chromatography and the optimization of the reaction solvent,
reaction temperature, etc.

[0338] The cyclic compound contained in the composition
for under coat film is preferably represented by the following
formula (46):

(46)

wherein R? is independently hydrogen atom, a linear,
branched or cyclic alkyl group having 1 to 12 carbon atoms,
a halogen atom, cyano group, hydroxyl group, an alkoxyl
group, or an ester group.

[0339] The cyclic compound having the structure repre-
sented by the formula (46) can be made into a novolak resin
by the reaction with an aldehyde compound such as formalin
and acetaldehyde, thereby further enhancing the etching
resistance. In addition, the intermixing is prevented without
using a relatively expensive crosslinking agent or photo acid
generator.
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[0340] R?in the formula (46) s a linear, branched or cyclic
alkyl group having 1 to 12 carbon atoms such as methyl
group, ethyl group, propyl group, isopropyl group, butyl
group, isobutyl group, t-butyl group, pentyl group, hexyl
group, heptyl group, octyl group, nonyl group, decanyl group,
cyclohexyl group, 4-methylcyclohexyl group, 4-ethylcyclo-
hexyl group, 4-n-propylcyclohexyl group, 4-n-butylcyclo-
hexyl group, 4-n-pentylcyclohexyl group, 4-n-hexylcyclo-
hexyl group, bicyclohexyl group, norbornyl group,
norbornenyl group, cyclopentanyl group, tricyclopentanyl
group, and adamantyl group; a halogen group such as fluoro
group, chloro group, bromo group and iodo group; cyano
group; hydroxyl group; an alkoxyl group such as methoxy
group, ethoxy group, propoxy group, and isopropoxy group;
and an ester group such as methyl ester group, ethyl ester
group, propyl ester group, isopropyl ester group, butyl ester
group, and isobutyl ester group.

[0341] Particularly preferred is a linear, branched or cyclic
alkyl group having 1 to 12 carbon atoms such as cyclohexyl
group, 4-methylcyclohexyl group, 4-ethylcyclohexyl group,
4-n-propylcyclohexyl group, 4-n-butylcyclohexyl group,
4-n-pentylcyclohexyl group, 4-n-hexylcyclohexyl group, and
norbornyl group, because a high refractive index and a mod-
erate extinction coefficient to 193 nm light are obtained.
[0342] The cyclic compound contained in the composition
for under coat film is more preferably represented by the
formula (2) or (3) mentioned above.

[0343] The cyclic compound of the formula (45) is pro-
duced by the condensation reaction of at least one compound
selected from the group consisting of an aliphatic aldehyde
having 1 to 20 carbon atoms and an aromatic aldehyde having
6 to 24 carbon atoms with a compound having a resorcinol
structure.

[0344] Examples of the aliphatic aldehyde having 1 to 20
carbon atoms and the aromatic aldehyde having 6 to 24 car-
bon atoms include a linear or branched aliphatic aldehyde
such as formaldehyde, actaldehyde, propanal, isopropanal,
1-butanal, isobutanal, 1-pentanal, isopentanal, neopentanal,
1-hexanal, isohexanal, 1-decanal, and 1-dodecanal; and an
aromatic aldehyde such as benzaldehyde, tolylaldehyde, eth-
ylbenzaldehyde, cuminaldehyde, n-propylbenzaldehyde,
isobutylaldehyde, t-butylaldehyde, phenylbenzaldehyde,
4-cyclohexylbenzaldehyde, 4-propyl4-cyclohexylbenzalde-
hyde, 4-butyl4-cyclohexylbenzaldehyde, 4-pentyl-4-cyclo-
hexylbenzaldehyde, 4-cyanobenzaldehyde, 4-halobenzalde-
hyde, 4-hydroxybenzaldehyde, 4-salicylbenzaldehyde,
4-norbornylbenzaldehyde, 4-adamantylbenzaldehyde, 4-di-
cyclopentadienylbenzaldehyde, 4-tricyclopentylbenzalde-
hyde, naphthaldehyde, phenanthrenealdehyde, anthralde-
hyde, and pyrenealdehyde.

[0345] Of the above, preferred are 4-propyl4-cyclohexyl-
benzaldehyde and 4-pentyl-4-cyclohexylbenzaldehyde, and
particularly preferred are 4-(trans-4-n-propylcyclohexyl)
benzaldehyde and 4-(trans-4-n-pentylcyclohexyl)benzalde-
hyde.

[0346] The cyclic compound of the formula (45) may be
produced by a known method. For example, 1 mol of a car-
bonyl compound such as aromatic aldehyde is allowed to
react with 1 mol to excess of a phenolic compound such as
phenol, o-cresol and resorcinol in an organic solvent such as
toluene, methanol and ethanol in the presence of thioacetic
acid or f-mercaptopropionic acid and an acid catalyst (hydro-
chloric acid, sulfuric acid or p-toluenesulfonic acid) at 60 to
150° C. for about 0.5 to 20 h. After the reaction, the reaction
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product solution is added with toluene, heated to 60 to 80° C.,
stirred for 0.5 to 2 h, and cooled to room temperature. Then,
the precipitate is separated by filtration and dried, to obtain
the cyclic compound.

[0347] The molecular weight of the cyclic compound is
preferably 400 to 2000, more preferably 600 to 2000, and still
more preferably 800 to 1500. Within the above ranges, a
material for under coat film which is excellent in the film-
forming properties and etching resistance and contains a
minimized quantity of sublimable component is obtained.
[0348] The cyclic compound may be a cis-isomer, a trans-
isomer or a mixture thereof.

[0349] The composition for under coat film may contain a
resin having the repeating units shown below, which is
obtained by the water-eliminating condensation reaction of
the above cyclic compound with an aldehyde compound.
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[0350] The aldehyde compound to be used may include
formaldehyde, trioxane, paraformaldehyde, and acetalde-
hyde, with formaldehyde being particularly preferred.
[0351] The repeating units are not limited to those shown in
the above formulae. Since the polyphenol compound is not
sublimable, the polyphenol compound is allowed to remain
unreacted. However, if Mw exceeds 50000, the spin coating
becomes difficult in some cases because of an excessively
large viscosity.

[0352] To prevent the intermixing, the composition for
under coat film may contain a crosslinking agent (G) and an
acid generator (C). Examples of the crosslinking agent
include a melamine compound, a guanamine compound, a
glycoluril compound and a urea compound, each being sub-
stituted by at least one group selected from the group consist-
ing of methylol group, an alkoxymethyl group and an acy-
loxymethyl group. Other examples include an epoxy
compound, a thioepoxy compound, an isocyanate compound,
an azide compound, and a compound having a group contain-
ing a double bond such as an alkenyl ether group. These
compounds may be used as additives or may be reacted with
a polymer to introduce a crosslinkable pendant group. A
compound having hydroxy group is also usable as the
crosslinking agent.

[0353] Examples of the epoxy compound include tris(2,3-
epoxypropyl)isocyanurate, trimethylolmethane triglycidyl
ether, trimethylolpropane triglycidyl ether, and trimethylole-
thane triglycidyl ether. Examples of the melamine compound
include hexamethylolmelamine, hexamethoxymeth-
ylmelamine, a compound obtained by methoxymethylating 1
to 6 methylol groups of hexamethylolmelamine or a mixture
thereof, hexamethoxyethylmelamine, hexaacyloxymeth-
ylmelamine, and a compound obtained by acyloxymethylat-
ing 1 to 6 methylol groups of hexamethylolmelamine or a
mixture thereof. Examples of the guanamine compound
include tetramethylolguanamine, tetramethoxymethylguan-
amine, a compound obtained by methoxymethylating 1 to 4
methylol groups of tetramethylolguanamine or a mixture
thereof, tetramethoxyethylguanamine, tetraacyloxyguan-
amine, and a compound obtained by acyloxymethylating 1 to
4 methylol groups of tetramethylolguanamine or a mixture
thereof. Example of the glycoluril compound include tetram-
ethylolglycoluril, tetramethoxyglycoluril, tetramethoxym-
ethylglycoluril, a compound obtained by methoxymethylat-
ing 1 to 4 methylol groups of tetramethylolglycoluril or a
mixture thereof, and a compound obtained by acyloxymethy-
lating 1 to 4 methylol groups of tetramethylolglycoluril or a
mixture thereof. Examples of the urea compound include
tetramethylolurea, tetramethoxymethylurea, a compound
obtained by methoxymethylating 1 to 4 methylol groups of
tetramethylolurea or a mixture thereof, and tetramethoxy-
ethylurea.

[0354] Examples of the compound having an alkenyl ether
group include ethylene glycol divinyl ether, triethylene glycol
divinyl ether, 1,2-propanediol divinyl ether, 1,4-butanediol
divinyl ether, tetramethylene glycol divinyl ether, neopentyl
glycol divinyl ether, trimethylolpropane trivinyl ether, hex-
anediol divinyl ether, 1,4-cyclohexanediol divinyl ether, pen-
taerythritol trivinyl ether, pentaerythritol tetravinyl ether, sor-
bitol tetravinyl ether, sorbitol pentavinyl ether, and
trimethylolpropane trivinyl ether.

[0355] The blending amount of the crosslinking agent (G)
is preferably 5 to 50 parts (parts by mass, hereinafter the same
being applied) and particularly preferably 10 to 40 parts. If
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being less than 5 parts, the mixing with the resist is likely to
occur. If exceeding 50 parts, the anti-reflective effect is
reduced and a film after crosslinking may crack.

[0356] To further promote the crosslinking reaction under
heating, an acid generator (C) may be added. Any type of
compounds which generate an acid by thermal decomposi-
tion or by irradiation with lights is usable as the acid generator
©.

[0357] Examples of the acid generator (C) usable in the
present invention include

(1) an onium salt represented by the following formula (Pla.-
1), (Pla-2), (P1la-3) or (P1b);

(2) a diazomethane derivative represented by the following
formula (P2);

(3) a glyoxime derivative represented by the following for-
mula (P3);

(4) a bissulfone derivative represented by the following for-
mula (P4);

(5) a sulfonic ester of a N-hydroxyimide compound repre-
sented by the following formula (P5);

(6) a 13-ketosulfonic acid derivative,

(7) a disulfone derivative,

(8) a nitrobenzyl sulfonate derivative, and

(9) a sulfonic ester derivative.

(Pla-1)
RlOlb

Rl0la__g+t__Rl0le
K-

(Pla-2)
RlOla_rKF__RIOIC

(Pla-3)
RlOle

RlOld_N+_R101f
K-

RI0lg

[0358] In the above formulae R!°*%, R1°!%? and R!°!¢ are
each a linear, branched or cyclic alkyl group, alkenyl group,
oxoalkyl group or oxoalkenyl group, each having 1 to 12
carbon atoms, an aryl group having 6 to 20 carbon atoms, or
an aralkyl group or aryloxoalkyl group each having 7 to 12
carbon atoms. The hydrogen atom of these groups may be
partially or completely substituted by an alkoxyl group, etc.
R!°'? and R'°'° may complete a ring. When completing a
ring, each of R*®*? and R'°'< is an alkylene group having 1 to
6 carbon atoms. K~ is a non-nucleophilic counter ion. R*°'9,
R'°'e, R*°Y, and R'°'# are each hydrogen atom or a group
selected from those as described with respect to R'?*4, R'?*?
and RlOlc. RlOld and RlOle, or RlOld, RlOle and RlOlfmay
complete a ring. When completing a ring, each of R**' and
R!'°' or each of R'°'¢ R1°!¢ and R'°Yis an alkylene group
having 3 to 10 carbon atoms. The ring thus formed may be a
nitrogen-containing aromatic ring.

[0359] RlOla, RlOlb, RlOlc, RlOld, RlOle, RIOIf, RlOlg are
the same or different. Examples of the alkyl group include
methyl group, ethyl group, propyl group, isopropyl group,
n-butyl group, sec-butyl group, tert-butyl group, pentyl
group, hexyl group, heptyl group, octyl group, cyclopentyl
group, cyclohexyl group, cycloheptyl group, cyclopropylm-
ethyl group, 4-methylcyclohexyl group, cyclohexylmethyl
group, norbornyl group, and adamantyl group. Examples of
the alkenyl group include vinyl group, allyl group, propenyl
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group, butenyl group, hexenyl group, and cyclohexenyl
group. Examples of the oxoalkyl group include 2-oxocyclo-
pentyl group, 2-oxocyclohexyl group, 2-oxopropyl group,
2-cyclopentyl-2-oxoethyl group, 2-cyclohexyl-2-oxoethyl
group, and 2-(4-methylcyclohexyl)-2-oxoethyl group.
Examples of the aryl group include phenyl group; naphthyl
group; an alkoxyphenyl group such as p-methoxyphenyl
group, m-methoxyphenyl group, o-methoxyphenyl group,
ethoxyphenyl group, p-tert-butoxyphenyl group, and m-tert-
butoxyphenyl group; an alkylphenyl group such as 2-meth-
ylphenyl group, 3-methylphenyl group, 4-methylphenyl
group, ethylphenyl group, 4-tert-butylphenyl group, 4-bu-
tylphenyl group, and dimethylphenyl group; an alkylnaphthyl
group such as methylnaphthyl group and ethylnaphthyl
group; an alkoxynaphthyl group such as methoxynaphthyl
group and ethoxynaphthyl group; a dialkylnaphthyl group
such as dimethylnaphthyl group and diethyhiaphthyl group;
and a dialkoxynaphthyl group such as dimethoxynaphthyl
group and diethoxynaphthyl group. Examples of the aralkyl
group include benzyl group, phenylethyl group, and phen-
ethyl group. Examples of the aryloxoalkyl group include a
2-aryl-2-oxoethyl group such as 2-phenyl-2-oxoethyl group,
2-(1-naphthyl)-2-oxoethyl group and 2-(2-naphthyl)-2-oxo-
ethyl group. Examples of the non-nucleophilic counter ion IC
include a halide ion such as chloride ion and iodide ion; a
fluoroalkylsulfonate such as triflate, 1,1,1-trifluoroethane-
sulfonate, and nonafluorobutanesulfonate; an arylsulfonate
such as tosylate, benzenesulfonate, 4-fluorobenzene-
sulfonate, and 1,2,3,4,5-pentafluorobenzenesulfonate; and
alkylsulfonate such as mesylate and butanesulfonate.

[0360] Examples of the nitrogen-containing aromatic ring
completed by R'**¢ and R'°*¢, or R'%'9, R*°'¢ and R'*Y
include imidazole derivative (for example, imidazole, 4-me-
thylimidazole, and 4-methyl-2-phenylimidazole), pyrazole
derivative, furazan derivative, pyrroline derivative (for
example, pyrroline and 2-methyl-1-pyrroline), pyrrolizine
derivative (for example, pyrrolizine, N-methylpyrrolizine,
pyrrolizinone, and N-methylpyrrolidone), imidazoline
derivative, imidazolidine derivative, pyridine derivative (for
example, pyridine, methylpyridine, ethylpyridine, propylpy-
ridine, butylpyridine, 4-(1-butylpentyl)pyridine, dimethylpy-
ridine, trimethylpyridine, triethylpyridine, phenylpyridine,
3-methyl-2-phenylpyridine, 4-tert-butylpyridine, diphe-
nylpyridine, benzylpyridine, methoxypyridine, butoxypyri-
dine, dimethoxypyridine, 1-methyl-2-pyridone, 4-pyrroliz-
inopyridine, 1-methyl-4-phenylpyridine, 2-(1-ethylpropyl)
pyridine, aminopyridine, and dimethylaminopyridine),
pyridazine derivative, pyrimidine derivative, pyrazine deriva-
tive, pyrazoline derivative, pyrazolidine derivative, piperi-
dine derivative, piperazine derivative, morpholine derivative,
indole derivative, isoindole derivative, 1H-indazole deriva-
tive, indoline derivative, quinoline derivative (for example,
quinoline and 3-quinolinecarbonitrile), isoquinoline deriva-
tive, cinnoline derivative, quinazoline derivative, quinoxaline
derivative, phthalazine derivative, purine derivative, pteridine
derivative, carbazole derivative, phenanthridine derivative,
acridine derivative, phenazine derivative, 1,10-phenanthro-
line derivative, adenine derivative, adenosine derivative, gua-
nine derivative, guanosine derivative, uracil derivative, and
uridine derivative.

[0361] The compounds of the formulae (P1-1) and (P1-2)
act as a photo acid generator and a thermal acid generator,
while the compound of the formula (P1-3) act as a thermal
acid generator.
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Pib
Rl02a 1026 (P1b)

Rl0da__g+___RIOG__g+___R104b
K K

[0362] In the above formula, R'°* and R'°? are each a
linear, branched or cyclic alkyl group having 1 to 8 carbon
atoms, R'®® is a linear, branched or cyclic alkylene group
having 1 to 10 carbon atoms, R***“ and R'*** are each a
2-oxoalkyl group having 3 to 7 carbon atoms, and K~ is a
non-nucleophilic counter ion.

[0363] Examples of R'°2* and R!°?? include methyl group,
ethyl group, propyl group, isopropyl group, n-butyl group,
sec-butyl group, tert-butyl group, pentyl group, hexyl group,
heptyl group, octyl group, cyclopentyl group, cyclohexyl
group, cyclopropylmethyl group, 4-methylcyclohexyl group,
and cyclohexylmethyl group. Examples of R'®* include
methylene group, ethylene group, propylene group, butylene
group, pentylene group, hexylene group, heptylene group,
octylene group, nonylene group, 1,4-cyclohexylene group,
1,2-cyclohexylene group, 1,3-cyclopentylene group, 1,4-cy-
clooctylene group, and 1,4-cyclohexanedimethylene group.
Examples of R!%** and R!'°** include 2-oxopropyl group,
2-oxocyclopentyl group, 2-oxocyclohexyl group, and 2-oxo-
cycloheptyl group. K™ is selected from the ions which are
described above with respect to the formulae (P1a-1), (P1-2)
and (P1-3).

®2)
N2

Il
R!%—80,—C—s80,—R!%.

[0364] In the above formula, R*®> and R'°¢ are each a lin-
ear, branched or cyclic alkyl group or haloalkyl group each
having 1 to 12 carbon atoms, an aryl group or haloaryl group
each having 6 to 20 carbon atoms, or an aralkyl group having
7 to 12 carbon atoms.

[0365] Examples of the alkyl group of R'®® and R'%¢
include methyl group, ethyl group, propyl group, isopropyl
group, n-butyl group, sec-butyl group, tert-butyl group, pen-
tyl group, hexyl group, heptyl group, octyl group, amyl
group, cyclopentyl group, cyclohexyl group, cycloheptyl
group, norbornyl group, and adamantyl group. Examples of
the haloalkyl group include trifluoromethyl group, 1,1,1-tri-
fluoroethyl group, 1,1,1-trichloroethyl group, and nonafluo-
robutyl group. Examples of the aryl group include an alkox-
yphenyl group such as phenyl group, p-methoxyphenyl
group, m-methoxyphenyl group, o-methoxyphenyl group,
ethoxyphenyl group, p-tert-butoxyphenyl group, and m-tert-
butoxyphenyl group, and an alkylphenyl group such as 2-me-
thylphenyl group, 3-methylphenyl group, 4-methylphenyl
group, ethylphenyl group, 4-tert-butylphenyl group, 4-bu-
tylphenyl group, and dimethylphenyl group. Examples of the
haloaryl group include fluorophenyl group, chlorophenyl
group, and 1,2,3,4,5-pentafluorophenyl group. Examples of
the aralkyl group include benzyl group and phenethyl group.
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®3)
RI08 R109

RI7"—80,—0—N=C—C=N—0—=50,—R!".

[0366] Inthe above formula, R*®7, R'°® and R'® are each a
linear, branched or cyclic alkyl group or haloalkyl group each
having 1 to 12 carbon atoms, an aryl group or haloaryl group
each having 6 to 20 carbon atoms, or an aralkyl group having
7 to 12 carbon atoms. R'°® and R'®® may be bonded to com-
plete a cyclic structure. When completing a cyclic structure,
R'%® and R'®® are each a linear or branched alkylene group
having 1 to 6 carbon atoms.

[0367] Examples of the alkyl group, haloalkyl group, aryl
group, haloaryl group, and aralkyl group of R'%7, R'°® and
R are selected from the groups which are described above
withrespectto R'°® and R'°%. Examples of the alkylene group
when R'°® and R'®° complete a cyclic structure include meth-
ylene group, ethylene group, propylene group, butylene
group, and hexylene group.

(P4)
o] 0

RlOla_S_CHZ_S_RIOIb

[0368] In the above formula, R'°'® and R*°'?

as defined above.

are the same

(®3)
(€]
I
7
R0 \N—O—SOZ—R“I
N7
C
I
(6]
[0369] In the above formula, R**° is an arylene group hav-

ing 6 to 10 carbon atoms, an alkylene group having 1 to 6
carbon atoms or an alkenylene group having 2 to 6 carbon
atoms. The hydrogen atoms of these groups may be partially
or completely replaced by a linear or branched alkyl group or
an alkoxyl group each having 1 to 4 carbon atoms, nitro
group, acetyl group, or phenyl group. R'!! is a linear,
branched or substituted alkyl group, alkenyl group or alkoxy-
alkyl group each having 1 to 8 carbon atoms, phenyl group, or
naphthyl group. The hydrogen atom of these groups may be
partially or completely replaced by an alkyl group or alkoxyl
group each having 1 to 4 carbon atoms; nitro group; phenyl
group optionally substituted by acetyl group; a heteroaro-
matic group having 3 to 5 carbon atoms; chlorine atom; or
fluorine atom.

[0370] The arylene group of R'*! may include 1,2-phe-
nylene group or 1,8-naphthylene group, the alkylene group
may include methylene group, ethylene group, trimethylene
group, tetramethylene group, phenylethylene group, and nor-
bornane-2,3-diyl group, and the alkenylene group may
include 1,2-vinylene group, 1-phenyl-1,2-vinylene group,
and 5-norbornene-2,3-diyl group. The alkyl group of R*** is
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selected from those described above with respect to R*°*% to
R'°'¢, The alkenyl group may include vinyl group, 1-prope-
nyl group, allyl group, 1-butenyl group, 3-butenyl group,
isoprenyl group, 1-pentenyl group, 3-pentenyl group, 4-pen-
tenyl group, dimethylallyl group, 1-hexenyl group, 3-hexenyl
group, 5-hexenyl group, 1-heptenyl group, 3-heptenyl group,
6-heptenyl group, and 7-octenyl group. The alkoxyalkyl
group may include methoxymethyl group, ethoxymethyl
group, propoxymethyl group, butoxymethyl group, penty-
loxymethyl group, hexyloxymethyl group, heptyloxymethyl
group, methoxyethyl group, ethoxyethyl group, propoxy-
ethyl group, butoxyethyl group, pentyloxyethyl group, hexy-
loxyethyl group, methoxypropyl group, ethoxypropyl group,
propoxypropyl group, butoxypropyl group, methoxybutyl
group, ethoxybutyl group, propoxybutyl group, methoxypen-
tyl group, ethoxypentyl group, methoxyhexyl group, and
methoxyheptyl group.

[0371] The alkyl group having 1 to 4 carbon atoms which is
optionally substituted may include methyl group, ethyl
group, propyl group, isopropyl group, n-butyl group, isobutyl
group, and tert-butyl group. The alkoxyl group having 1 to 4
carbon atoms may include methoxy group, ethoxy group,
Propoxy group, isSOpropoxy group, n-butoxy group, isobutoxy
group, and tert-butoxy group. The phenyl group which is
optionally substituted by an alkyl group or alkoxyl group each
having 1 to 4 carbon atoms, nitro group or acetyl group may
include phenyl group, tolyl group, p-tert-butoxyphenyl
group, p-acetylphenyl group, and p-nitrophenyl group. The
heteroaromatic group having 3 to 5 carbon atoms may include
pyridyl group and furyl group.

[0372] Examples of the onium salt include tetramethylam-
monium trifluoromethanesulfonate, tetramethylammonium
nonafluorobutanesulfonate, triethylammonium nonafluo-
robutanesulfonate, pyridinium nonafluorobutanesulfonate,
triethylammonium camphorsulfonate, pyridinium camphor-

sulfonate,  tetra-n-butylammonium  nonafluorobutane-
sulfonate, tetraphenylammonium nonafluorobutane-
sulfonate,  tetramethylammonium  p-toluenesulfonate,

diphenyliodonium trifluoromethanesulfonate, (p-tert-butox-
yphenyl)phenyliodonium trifluoromethanesulfonate, diphe-
nyliodonium p-toluenesulfonate, (p-tert-butoxyphenyl)phe-
nyliodonium  p-toluenesulfonate, triphenylsulfonium
trifluoromethanesulfonate, (p-tert-butoxyphenyl)diphenyl-
sulfonium trifltuoromethanesulfonate, bis(p-tert-butoxyphe-
nyl)phenylsulfonium trifluoromethanesulfonate, tris(p-tert-
butoxyphenyl)sulfonium trifluoromethanesulfonate,
triphenylsulfonium p-toluenesulfonate, (p-tert-butoxyphe-
nyl)diphenylsulfonium p-toluenesulfonate, bis(p-tert-butox-
yphenyl)phenylsulfonium p-toluenesulfonate, tris(p-tert-bu-
toxyphenyl)sulfonium p-toluenesulfonate,
triphenylsulfonium nonafluorobutanesulfonate, triphenylsul-
fonium  butanesulfonate, trimethylsulfonium trifluo-
romethanesulfonate, trimethylsulfonium p-toluenesulfonate,
cyclohexylmethyl(2-oxocyclohexyl)sulfonium trifluo-
romethanesulfonate, cyclohexylmethyl(2-oxocyclohexyl)
sulfonium p-toluenesulfonate, dimethylphenylsulfonium tri-
fluoromethanesulfonate, dimethylphenylsulfonium
p-toluenesulfonate, dicyclohexylphenylsulfonium trifluo-
romethanesulfonate, dicyclohexylphenylsulfonium p-tolu-
enesulfonate,  trinaphthylsulfonium  trifluoromethane-
sulfonate,  cyclohexylmethyl(2-oxocyclohexyl)sulfonium
trifluoromethanesulfonate,  (2-norbornyl)methyl(2-oxocy-
clohexypsulfonium trifluoromethanesulfonate, ethylene bis
[methyl 2-oxocyclopentyl)sulfonium  trifluoromethane-



US 2012/0171379 Al

sulfonate], and 1,2'-
naphthylcarbonylmethyltetrahydrothiophenium triflate.

[0373] Examples of the diazomethane derivative include
bis(benzenesulfonyl)diazomethane, bis(p-toluenesulfonyl)
diazomethane, bis(xylenesulfonyl)diazomethane, bis(cyclo-
hexylsulfonyl)diazomethane, bis(cyclopentylsulfonyl)diaz-
omethane, bis(n-butylsulfonyl)diazomethane, bis
(isobutylsulfonyl)diazomethane, bis(sec-butylsulfonyl)
diazomethane,  bis(n-propylsulfonyl)diazomethane, bis
(isopropylsulfonyl)diazomethane,  bis(tert-butylsulfonyl)

diazomethane,  bis(n-amylsulfonyl)diazomethane,  bis
(isoamylsulfonyl)diazomethane, bis(sec-amylsulfonyl)
diazomethane, bis(tert-amylsulfonyl)diazomethane,

1-cyclohexylsulfonyl-1-(tert-butylsulfonyl)diazomethane,

1-cyclohexylsulfonyl-1-(tert-amylsulfonyl)diazomethane,

and 1-tert-amylsulfonyl-1-(tert-butylsulfonyl )diazomethane.
[0374] Examples of the glyoxime derivative include bis(p-
toluenesulfonyl)-c.-dimethyl glyoxime, bis(p-toluenesulfo-
nyl)-a-diphenyl glyoxime, bis(p-toluenesulfonyl)-a-dicy-
clohexyl glyoxime, bis(p-toluenesulfonyl)-2,3-pentanedione
glyoxime, bis(p-toluenesulfonyl)-2-methyl-3,4-pentanedi-
one glyoxime, bis(n-butanesulfonyl)-a-dimethyl glyoxime,
bis(n-butanesulfonyl)-a-diphenyl glyoxime, bis(n-butane-
sulfonyl)-a.-dicyclohexyl glyoxime, bis(n-butanesulfonyl)-
2,3-pentanedione glyoxime, bis(n-butanesulfonyl)-2-me-
thyl-3,4-pentanedione glyoxime, bis(methanesulfonyl)-c.-

dimethyl  glyoxime,  bis(trifluoromethanesulfonyl)-a-
dimethyl glyoxime, bis(1,1,1-trifluoroethanesulfonyl)-a-
dimethyl glyoxime, bis(tert-butanesulfonyl)-a-dimethyl
glyoxime, bis(perfluorooctanesulfonyl)-c.-dimethyl gly-

oxime, bis(cyclohexanesulfonyl)-a.-dimethyl glyoxime, bis
(benzenesulfonyl)-a-dimethyl glyoxime, bis(p-fluorobenze-

nesulfonyl)-a-dimethyl glyoxime, bis(p-tert-
butylbenzenesulfonyl)-a-dimethyl glyoxime, bis
(xylenesulfonyl)-c.-dimethyl glyoxime, and bis

(camphorsulfonyl)-a-dimethyl glyoxime.

[0375] Examples of the bissulfone derivative include bis-
naphthylsulfonylmethane, bistrifluoromethylsulfonyl-
methane, bismethylsulfonylmethane, bisethylsulfonyl-
methane, bispropylsulfonylmethane,
bisisopropylsulfonylmethane, bis-p-toluenesulfonyl-
methane, and bisbenzenesulfonylmethane.

[0376] Examples of the p-ketosulfonic acid derivative
include 2-cyclohexylcarbonyl-2-(p-toluenesulfonyl)pro-
pane, and 2-isopropylcarbonyl-2-(p-toluenesulfonyl)pro-
pane.

[0377] Examples of the disulfone derivative include diphe-

nyldisulfone derivative and dicyclohexyldisulfone derivative.
[0378] Examples of the nitrobenzyl sulfonate derivative
include 2,6-dinitrobenzyl p-toluenesulfonate and 2,4-dini-
trobenzyl p-toluenesulfonate.

[0379] Examples of the sulfonic ester derivative include
1,2,3-tris (methanesulfonyloxy)benzene, 1,2,3-tris(trifluo-
romethanesulfonyloxy)benzene, and 1,2,3-tris(p-toluene-
sulfonyloxy)benzene.

[0380] Examples of the sulfonic ester of N-hydroxyimide
compound include N-hydroxysuccinimide methanesulfonic
ester, N-hydroxysuccinimide trifluoromethanesulfonic ester,
N-hydroxysuccinimide ethanesulfonic ester, N-hydroxysuc-
cinimide 1-propanesulfonic ester, N-hydroxysuccinimide
2-propanesulfonic ester, N-hydroxysuccinimide 1-pentane-
sulfonic ester, N-hydroxysuccinimide 1-octanesulfonic ester,
N-hydroxysuccinimide p-toluenesulfonic ester, N-hydrox-
ysuccinimide p-methoxybenzenesulfonic ester, N-hydrox-
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ysuccinimide 2-chloroethanesulfonic ester, N-hydroxysuc-
cinimide benzenesulfonic ester, N-hydroxysuccinimide 2.4,
6-trimethylbenzenesulfonic ester, N-hydroxysuccinimide
1-naphtharenesulfonic ester, N-hydroxysuccinimide
2-naphtharenesulfonic ester, N-hydroxy-2-phenylsuccinim-
ide methanesulfonic ester, N-hydroxymaleimide methane-
sulfonic ester, N-hydroxymaleimide ethanesulfonic ester,
N-hydroxy-2-phenylmaleimide  methanesulfonic  ester,
N-hydroxyglutarimide methanesulfonic ester, N-hydroxy-
glutarimide benzenesulfonic ester, N-hydroxyphthalimide
methanesulfonic ester, N-hydroxyphthalimide benzene-
sulfonic ester, N-hydroxyphthalimide trifluoromethane-
sulfonic ester, N-hydroxyphthalimide p-toluenesulfonic
ester, N-hydroxynaphthalimide methanesulfonic ester, N-hy-
droxynaphthalimide benzenesulfonic ester, N-hydroxy-5-
norbornene-2,3-dicarboximide methanesulfonic ester, N-hy-
droxy-5-norbornene-2,3-dicarboximide
trifluoromethanesulfonic  ester, and N-hydroxy-5-nor-
bornene-2,3-dicarboximide p-toluenesulfonic ester. Particu-
larly preferred are the onium salt such as triphenylsulfonium
trifluoromethanesulfonate, (p-tert-butoxyphenyl)diphenyl-
sulfonium trifluoromethanesulfonate, tris(p-tert-butoxyphe-
nyD)sulfonium triffuoromethanesulfonate, triphenylsulfo-
nium p-toluenesulfonate, (p-tert-butoxyphenyl)
diphenylsulfonium p-toluenesulfonate, tris(p-tert-
butoxyphenyl)sulfonium p-toluenesulfonate,
trinaphthylsulfonium trifluoromethanesulfonate, cyclohexy-
Imethyl(2-oxocyclohexyl)sulfonium triffuoromethane-
sulfonate, (2-norbornyl)methyl(2-oxocyclohexyl)sulfonium
trifluoromethanesulfonate, and 1,2'-naphthylcarbonylmeth-
yltetrahydrothiophenium triflate; the diazomethane deriva-
tive such as bis(benzenesulfonyl)diazomethane, bis(p-tolu-
enesulfonyl)diazomethane, bis(cyclohexylsulfonyl)
diazomethane,  bis(n-butylsulfonyl)diazomethane,  bis
(isobutylsulfonyl)diazomethane, bis(sec-butylsulfonyl)
diazomethane,  bis(n-propylsulfonyl)diazomethane, bis
(isopropylsulfonyl)diazomethane, and bis(tert-
butylsulfonyl)diazomethane; the glyoxime derivative such as
bis(p-toluenesulfonyl)-a.-dimethyl glyoxime and bis(n-bu-
tanesulfonyl)-a-dimethyl glyoxime; the bissulfone deriva-
tive such as bisnaphthylsulfonylmethane; and the sulfonic
ester derivative of N-hydroxyimide compound such as N-hy-
droxysuccinimide methanesulfonic ester, N-hydroxysuccin-
imide trifluoromethanesulfonic ester, N-hydroxysuccinimide
1-propanesulfonic ester, N-hydroxysuccinimide 2-propane-
sulfonic ester, N-hydroxysuccinimide 1-pentanesulfonic
ester, N-hydroxysuccinimide p-toluenesulfonic ester, N-hy-
droxynaphthalimide methanesulfonic ester, and N-hydrox-
ynaphthalimide benzenesulfonic ester.

[0381] The acid generator (C) may be used singly or in
combination of two or more. The blending amount of the acid
generator (C) is preferably 0.1 to 50 parts and more preferably
0.5 to 40 parts based on 100 parts of the polyphenol com-
pound. If being less than 0.1 part, the amount of generated
acid is small and the crosslinking reaction may proceed insuf-
ficiently. If exceeding 50 parts, the generated acid moves into
an upper resist to likely cause the mixing phenomenon.
[0382] The composition for under coat film of the invention
may further contain a basic compound to enhance the storage
stability.

[0383] The basic compound acts as a quencher to acid
which prevents the acid generated by the acid generator (C) in
a small amount from promoting the crosslinking reaction.
Examples of the basic compound include a primary, second-
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ary or tertiary aliphatic amine, a mixed amine, an aromatic
amine, a heterocyclic amine, a nitrogen-containing com-
pound having a carboxyl group, a nitrogen-containing com-
pound having a sulfonyl group, a nitrogen-containing com-
pound having a hydroxyl group, a nitrogen-containing
compound having a hydroxyphenyl group, an alcoholic nitro-
gen-containing compound, an amide derivative, and imide
derivative.

[0384] The primary aliphatic amine may include ammonia,
methylamine, ethylamine, n-propylamine, isopropylamine,
n-butylamine, isobutylamine, sec-butylamine, tert-buty-
lamine, pentylamine, tert-amylamine, cyclopentylamine,
hexylamine, cyclohexylamine, heptylamine, octylamine,
nonylamine, decylamine, dodecylamine, cetylamine, meth-
ylenediamine, ethylenediamine, and tetracthylenepentamine;
the secondary aliphatic amine may include dimethylamine,
diethylamine, di-n-propylamine, diisopropylamine, di-n-bu-
tylamine, diisobutylamine, di-sec-butylamine, dipenty-
lamine, dicyclopentylamine, dihexylamine, dicyclohexy-
lamine, diheptylamine, dioctylamine, dinonylamine,
didecylamine, didodecylamine, dicetylamine, N,N-dimeth-
ylmethylenediamine, N,N-dimethylethylenediamine, and
N,N-dimethyltetraethylenepentamine; and the tertiary ali-
phatic amine include trimethylamine, triethylamine, tri-n-
propylamine, triisopropylamine, tri-n-butylamine, triisobu-
tylamine, tri-sec-butylamine, tripentylamine,
tricyclopentylamine, trihexylamine, tricyclohexylamine, tri-
heptylamine, trioctylamine, trinonylamine, tridecylamine,
tridodecylamine, tricetylamine, N,N,N',N'-tetramethylmeth-
ylenediamine, N,N,N',N'-tetramethylethylenediamine, and
N,N,N',N'-tetramethyltetracthylene pentamine.

[0385] Examples of the mixed amine include dimethyl-
ethylamine, methylethylpropylamine, benzylamine, phen-
ethylamine, and benzyldimethylamine. Examples of the aro-
matic amine and the heterocyclic amine include aniline
derivative (for example, aniline, N-methylaniline, N-ethyla-
niline, N-propylaniline, N,N-dimethylaniline, 2-methyla-
niline, 3-methylaniline, 4-methylaniline, ethylaniline, propy-
laniline, trimethylaniline, 2-nitroaniline, 3-nitroaniline,
4-nitroaniline, 2,4-dinitroaniline, 2,6-dinitroaniline, 3,5-
dinitroaniline, and N,N-dimethyltoluidine), diphenyl(p-
tolyl)amine, methyldiphenylamine, triphenylamine, phe-
nylenediamine,  naphthylamine,  diaminonaphtharene,
pyrrole derivative (for example, pyrrole, 2H-pyrrole, 1-me-
thylpyrrole, 2.,4-dimethylpyrrole, 2,5-dimethylpyrrole, and
N-methylpyrrole), oxazole derivative (for example, oxazole
and isoxazole), thiazole derivative (for example, thiazole and
isothiazole), imidazole derivative (for example, imidazole,
4-methylimidazole, and 4-methyl-2-phenylimidazole), pyra-
zole derivative, furazan derivative, pyrroline derivative (for
example, pyrroline and 2-methyl-1-pyrroline), pyrrolizine
derivative (for example, pyrrolizine, N-methylpyrrolizine,
pyrrolizinone, and N-methylpyrrolidone), imidazoline
derivative, imidazolidine derivative, pyridine derivative (for
example, pyridine, methylpyridine, ethylpyridine, propylpy-
ridine, butylpyridine, 4-(1-butylpentyl)pyridine, dimethylpy-
ridine, trimethylpyridine, triethylpyridine, phenylpyridine,
3-methyl-2-phenylpyridine, 4-tert-butylpyridine, diphe-
nylpyridine, benzylpyridine, methoxypyridine, butoxypyri-
dine, dimethoxypyridine, 1-methyl-2-pyridone, 4-pyrroliz-
inopyridine, 1-methyl-4-phenylpyridine, 2-\ (1-ethylpropyl)
pyridine, aminopyridine, and dimethylaminopyridine),
pyridazine derivative, pyrimidine derivative, pyrazine deriva-
tive, pyrazoline derivative, pyrazolidine derivative, piperi-
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dine derivative, piperazine derivative, morpholine derivative,
indole derivative, isoindole derivative, 1H-indazole deriva-
tive, indoline derivative, quinoline derivative (for example,
quinoline, and 3-quinolinecarbonitrile), isoquinoline deriva-
tive, cinnoline derivative, quinazoline derivative, quinoxaline
derivative, phthalazine derivative, purine derivative, pteridine
derivative, carbazole derivative, phenanthridine derivative,
acridine derivative, phenazine derivative, 1,10-phenanthro-
line derivative, adenine derivative, adenosine derivative, gua-
nine derivative, guanosine derivative, uracil derivative, and
uridine derivative.

[0386] The nitrogen-containing compound having a car-
boxyl group may include aminobenzoic acid, indolecarboxy-
lic acid, and an amino acid derivative (for example, nicotinic
acid, alanine, arginine, aspartic acid, glutamic acid, glycine,
histidine, isoleucine, glycylleucine, leucine, methionine,
phenylalanine, threonine, lysine, 3-aminopyrazine-2-car-
boxylic acid, and methoxyalanine). The nitrogen-containing
compound having a sulfonyl group may include 3-pyridine-
sulfonic acid and pyridinium p-toluenesulfonate. Examples
of the nitrogen-containing compound having a hydroxyl
group, nitrogen-containing compound having a hydroxyphe-
nyl group, and alcoholic nitrogen-containing compound
include 2-hydroxypyridine, aminocresol, 2,4-quinolinediol,
3-indolemethanol hydrate, monoethanolamine, diethanola-
mine, triethanolamine, N-ethyldiethanolamine, N,N-diethyl-
ethanolamine, triisopropanolamine, 2,2'-iminodiethanol,
2-aminoethanol, 3-aminol-propanol, 4-aminol-butanol, 4-(2-
hydroxyethyl)morpholine, 2-(2-hydroxyethyl)pyridine,
1-(2-hydroxyethyl)piperazine, 1-[2-(2-hydroxyethoxy)
ethyl|piperazine, piperidine ethanol, 1-(2-hydroxyethyl)pyr-
rolizine, 1-(2-hydroxyethyl)-2-pyrrolizinone, 3-piperidino-
1,2-propanediol, 3-pyrrolizino-1,2-propanediol,
8-hydroxyjulolidine, 3-quinuclidinol, 3-tropanol, 1-methyl-
2-pyrrolizineethanol, 1-aziridine ethanol, N-(2-hydroxy-
ethyl)phthalimide, and N-(2-hydroxyethyl)isonicotinamide.
The amide derivative may include formamide, N-methylfor-
mamide, N,N-dimethylformamide, acetamide, N-methylac-
etamide, N,N-dimethylacetamide, propioaminde and benza-
minde, and the imide derivative may include phthalimide,
succinimide, and maleimide.

[0387] Theblending amount of the basic compound is pref-
erably 0.001 to 2 parts and particularly preferably 0.01 to 1
part based on 100 parts of the cyclic compound. If less than
0.001 part, the effect of blending is not obtained. If exceeding
2 parts, the basic compound traps the acid generated by heat-
ing completely to inhibit the crosslinking reaction.

[0388] The composition for under coat film of the invention
may further contain another type of polymer to control the
absorbance. A polymer highly transparent to 193 nm light is
usable, which is selected from a resin having a naphthalene
ring, a phenanthrenequinone, a biphenyl ring such as fluorene
or a hetero ring such as thiophene and indene, or a resin
containing no aromatic ring. Examples thereof include a
naphthol resin, a naphthol-modified xylene resin, a phenol-
modified naphtharene resin, a dicyclopentadiene resin, a
(meth)acrylate resin, a vinylnaphtharene resin, and poly-
acenaphthylene.

[0389] By introducing a condensed aromatic group or an
alicyclic group into the polymer, the glass transition point can
be made lower than that of a typical novolak resin. Although
depending upon the kind of the group to be introduced, the
glass transition point can be reduced by 10 to 50° C.



US 2012/0171379 Al

[0390] Alternatively, the glass transition point can be
reduced by replacing the hydroxy hydrogen atom of hydroxy-
styrene with a linear, branched or cyclic alkyl group having 1
to 20 carbon atoms, t-butyl group, t-amyl group, a group
unstable to acid such as acetal, acetyl group, or pivaloyl
group. The hydroxy group is replaced by 10 to 80 mol %,
preferably 15 to 70 mol %.

[0391] The organic solvent for the composition for under
coat film is not specifically limited as long as the cyclic
compound, acid generator (C), crosslinking agent (G), and
other additives (F) are soluble in the organic solvent.

[0392] Examples thereof include a ketone solvent such as
acetone, methyl ethyl ketone, methyl isobutyl ketone, and
cyclohexanone; a cellosolve solvent such as propylene glycol
monomethyl ether and propylene glycol monomethyl ether
acetate; an ester solvent such as ethyl lactate, methyl acetate,
ethyl acetate, butyl acetate, isoamyl acetate, ethyl lactate,
methyl methoxypropionate, and methyl hydroxyisobutyrate;
an alcohol solvent such as methanol, ethanol, isopropanol,
and 1-ethoxy-2-propanol; and an aromatic hydrocarbon such
as toluene and xylene, with cyclohexanone, propylene glycol
monomethyl ether, ethyl lactate, and methyl hydroxyisobu-
tyrate being particularly preferred.

[0393] The blending amount of the solvent is preferably
200 to 10,000 parts and particularly preferably 300 to 5,000
parts, each based on 100 parts of the cyclic compound.
[0394] The under coat film is formed by spin-coating the
composition, evaporating off the solvent, and preferably bak-
ing the resultant film to promote the crosslinking reaction,
thereby preventing the mixing with an upper resist. The bak-
ing is conducted preferably at 80 to 300° C. for 10 to 300 s.
The thickness of the under coat film is suitably selected, and
preferably 30 to 20,000 nm, particularly preferably 50 to
15,000 nm. In the two-layer process, a silicon-containing
resist layer or a single resist layer of hydrocarbon generally
used is formed on the under coat film. In the three-layer
process, a silicon-containing intermediate layer and then a
silicon-free single resist layer are successively formed on the
under coat film. The resist layer may be formed by a known
photoresist composition.

[0395] Inthe two-layer process, a positive-type photoresist
composition containing, as the base polymer, a silicon-con-
taining polymer such as a polysilsesquioxane derivative and a
vinylsilane derivative, an organic solvent, an acid generator,
and an optional basic compound is used because a high resis-
tance to the oxygen gas etching is obtained. The silicon-
containing polymer may be selected from known polymers
used in this type of resist composition. The silicon-containing
intermediate layer of the three-layer process is preferably
based on the polysilsesquioxane. The reflection is prevented
by making the intermediate layer anti-reflective.

[0396] If the under coat film is made of a material contain-
ing a large number of aromatic groups and having a high
substrate etching resistance, the k-value becomes larger to
increase the reflection of 193 nm light on a substrate. By
making the intermediate layer anti-reflective, the reflectance
on the substrate is reduced to 0.5% or less. To make the
intermediate layer anti-reflective against the 193 nm expo-
sure, an acid- or heat-crosslinkable polysilsesquioxane into
which a light absorbing group such as phenyl group and
silicon-silicon bond is introduced is preferably used. The
intermediate layer formed by chemical vapor deposition
(CVD) is also effective. A SiON film formed by CVD is
known as a highly anti-reflective intermediate layer. The spin
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coating method is preferable to the CVD method in view of
easiness to form the intermediate layer and production cost.
The upper resist layer in the three-layer process is either
positive type or negative type, and may be formed from a
resist composition generally used for forming a single layer
resist.

[0397] The under coat film of the invention is also usable as
an anti-reflective film for known single layer resist, and addi-
tionally, expected as a hard mast for use in a primary process-
ing because of its high resistance against the etching for
primary processing.

[0398] The present invention further relates to a method of
forming a multi-layer resist pattern which comprises a step of
forming an under coat film on a substrate, a step of forming at
least one photoresist layer on the under coat film, a step of
irradiating the photoresist layer with radiation in a pattern, a
step of alkali-developing the irradiated photoresist layer to
form a resist pattern, and a step of etching the under coat film
with a plasma containing oxygen gas using the resist pattern
as a mask, thereby transferring the resist pattern to the under
coat film.

[0399] Like the formation of the under coat film, the pho-
toresist composition is made into a resist layer preferably by
a spin coating. After spin-coating, the coated resist composi-
tion is baked preferably at 80 to 180° C. for 10 to 300 s.
Thereafter, the resist pattern is obtained by following the
exposure, the post exposure bake (PEB), and an alkali devel-
opment, each being conducted in a known manner. The thick-
ness of the resist film is preferably 30 to 500 nm and particu-
larly preferably 50 to 400 nm, although not limited thereto.

[0400] The light for exposure may include high energy rays
with a wavelength of 300 nm or less such as excimer lasers of
248 nm, 193 nm or 157 nm, soft X-rays with a wavelength of
3 to 20 nm, electron beams and X-rays.

[0401] Then, the under coat film is etched by using the
obtained resist pattern as a mask. In the two-layer process, the
under coat film is etched using oxygen gas. In addition to
oxygen gas, the etching gas may contain an inert gas such as
He and Ar and other gas suchas CO, CO,,NH;, SO,, N,,NO,
and H,. The etching may be carried out only using the gas
such as CO, CO,, NH;, SO,, N,, NO, and H, without using
oxygen gas. The gas such as CO, CO,, NH;, SO,, N,, NO,
and H, is used particularly to protect the side wall of the
pattern from undercutting. In the three-layer process, the
intermediate layer is etched with a flon gas using the resist
pattern as a mask. Then, the under coat film is etched with
oxygen gas using the patterned intermediate layer as a mask.

[0402] The substrate thus processed is then etched in a
known manner, for example, etched mainly with a flon gas
when the substrate is made of SiO, or SiN, or etched mainly
with a chlorine-containing gas or a bromine-containing gas
when the substrate is made of p-Si, Al or W. When the sub-
strate is etched with a flon gas, the silicon-containing resist
layer in the two-layer process and the silicon-containing
intermediate layer in the three-layer process are simulta-
neously removed. When the substrate is etched with a chlo-
rine-containing gas or a bromine-containing gas, the silicon-
containing resist layer and the silicon-containing
intermediate layer are removed by an additional dry etching
with a flon gas after etching the substrate.

[0403] The under coat film of the present invention is
highly resistant against the conditions of etching the sub-
strate.
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[0404] The substrate to be processed is formed on a sup-
port. The support is made of a material different from that of
the substrate to be processed, and selected from, but not
limited to, Si, a-Si, p-Si, Si0,, SiN, SiON, W, TiN, and Al. A
low-k film or a stopper film having a thickness generally of 50
to 10,000 nm, particularly of 100 to 5,000 nm made of Si,
Si0,, SiON, SiN, p-Si, W, W—Si, Al, Cu, or Al—Si is used as
the substrate to be processed.

Production Method (1) of Cyclic Compound (B0)

[0405] The present invention further relates to a method of
producing a cyclic compound (B0), comprising a first stage
reaction in which an aldehyde compound (Alb) having 2 to
59 carbon atoms, a reactive functional group and 1 to 4 formyl
groups is allowed to react with a reagent for introducing an
acid-dissociating functional group, thereby synthesizing an
aldehyde compound (Alc) having the acid-dissociating func-
tional group introduced, and a second stage reaction in which
the aldehyde compound (Alc) and a phenol compound (A2)
are subjected to a condensation reaction.

[0406] The cyclic compound (B0) synthesized by the con-
densation reaction of the aldehyde compound (Alc) with the
phenol compound (A2) has a molecular weight of 800 to
5000.

[0407] The cyclic compound (BO) is produced through the
first stage reaction in which an acid-dissociating functional
group is introduced into the aldehyde compound (A1b) hav-
ing 2 to 59 carbon atoms and 1 to 4 formyl groups to synthe-
size the aldehyde compound (Alc), and the second stage
reaction in which the aldehyde compound (Al ¢) and the
phenol compound (A2) are subjected to the condensation
reaction.

[0408] Generally, a cyclic low-molecular compound hav-
ing an acid-dissociating functional group is produced by syn-
thesizing a cyclic low-molecular polyphenol compound and
then allowing the cyclic low-molecular polyphenol com-
pound to react with a compound for introducing an acid-
dissociating functional group which is described below.
[0409] However, in such a known method, the cyclic low-
molecular compound is sparingly soluble in the organic reac-
tion solvent such as tetrahydrofuran (THF) to make the reac-
tion with the compound for introducing an acid-dissociating
functional group difficult, in some cases. Even if the cyclic
low-molecular compound is soluble in the organic solvent,
the reaction between the cyclic low-molecular compound and
the compound for introducing an acid-dissociating functional
group is less selective to produce a mixture of a non-substi-
tuted compound and various kinds of substituted compounds.
It is generally difficult to isolate only the aimed cyclic low-
molecular compound having an acid-dissociating functional
group selectively from the mixture. Therefore, the known
method is poor in the yield and less practical.

[0410] Incontrast, in the method of the invention, the alde-
hyde compound (Ale) is synthesized by introducing the acid-
dissociating functional group into the aldehyde compound
(A1b) having 2 to 59 carbon atoms and 1 to 4 formyl groups
in the first stage reaction. Since the compound (A1b) having
2 to 59 carbon atoms and 1 to 4 formyl groups and the
compound for introducing an acid-dissociating functional
group are both soluble in the organic reaction solvent such as
THE, the reaction for synthesizing the aldehyde compound
(Alc) proceeds without any trouble.

[0411] Thereafter, in the second stage reaction, the alde-
hyde compound (A 1c) having the acid-dissociating func-
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tional group introduced and the phenol compound (A2) are
allowed to react to obtain the cyclic compound (BO) into
which the acid-dissociating functional group is introduced.
Since the solubility of each reactant in the organic reaction
solvent is good, the reaction in not adversely affected. In the
obtained cyclic compound (BO), the acid-dissociating func-
tional group is present in the moiety derived from the alde-
hyde compound (Alc) and not present in the moiety derived
from the phenol compound (A2). Thus, the method of the
invention provides the cyclic compound (B0) into which the
acid-dissociating functional group is selectively introduced
in high yields and high productivity.

[0412] The aldehyde compound (Alc) having the acid-dis-
sociating functional group is a compound having 3 to 60
carbon atoms and 1 to 4 formyl groups.

[0413] Theacid-dissociating functional group referred to in
the present invention is a characteristic group which gener-
ates an alkali-soluble group by dissociation in the presence of
an acid. Examples of the alkali-soluble group include phe-
nolic hydroxyl group, carboxyl group, sulfonic acid group,
and hexafluoroisopropyl group, with phenolic hydroxyl
group and carboxyl group being preferred and phenolic
hydroxyl group being particularly preferred. To form a pat-
tern with a high sensitivity and resolution, it is preferred that
the acid-dissociating functional group is dissociated succeed-
ingly by a chain reaction in the presence of acid.

[0414] The acid-dissociating functional group is suitably
selected from those proposed as the groups for hydroxysty-
reneresins and (meth)acrylic acid resins which are used in the
chemical-amplified resist composition for KrF and ArF.
Examples thereof include a substituted methyl group, a
1-substituted ethyl group, a 1-substituted n-propyl group, a
1-branched alkyl group, silyl group, an acyl group, a 1-sub-
stituted alkoxymethyl group, a cyclic ether group, and an
alkoxycarbonyl group. An acid-dissociating functional group
having no crosslinkable functional group is preferred.
[0415] The aldehyde compound (Alc) is produced by
introducing the acid-dissociating functional group into the
compound (Alb) having 2 to 59 carbon atoms and 1 to 4
formyl groups. The aldehyde compound having 2 to 59 car-
bon atoms and 1 to 4 formyl groups is an aliphatic aldehyde
compound, an alicyclic aldehyde compound or an aromatic
aldehyde compound, although not limited thereto.

[0416] Examples of the aliphatic aldehyde compound
include acetaldehyde, Ra-CHO (Ra is an alkyl group option-
ally having a substituent having 2 to 20 carbon atoms), OHC-
Rb-CHO (Rb is an alkylene group optionally having a sub-
stituent having 1 to 20 carbon atoms), Rc-(CHO); (Rc is a
trivalent organic group optionally having a substituent having
2 to 20 carbon atoms), and Re-(CHO),, (Rd is a quatervalent
organic group optionally having a substituent having 2 to 20
carbon atoms). In the above, the substituent is an alkyl group,
a cycloalkyl group, an aryl group, an alkoxyl group, cyano
group, nitro group, hydroxyl group, a heterocyclic group, a
halogen atom, carboxyl group, an alkylsilyl group, or a func-
tional group selected from derivatives of the preceding
groups.

[0417] Examples of the alicyclic aldehyde compound
include cyclohexane carbaldehyde, cyclooctane carbalde-
hyde, norbornane carbaldehyde, adamantane carbaldehyde,
furfural, diformylcyclohexane, diformylcyclooctane,
diformylnorbornane, diformyladamantane, triformylcyclo-
hexane, triformylcyclooctane, triformylnorbornane, tri-
formyladamantane, triformylcyclohexane, tetraformylcy-
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clooctane, tetraformylnorbornane, and
tetraformyladamantane, each optionally having a substituent
having 2 to 20 carbon atoms. In the above, the substituent is an
alkyl group, a cycloalkyl group, an aryl group, an alkoxyl
group, cyano group, nitro group, hydroxyl group, a heterocy-
clic group, a halogen atom, carboxyl group, an alkylsilyl
group, or a functional group selected from derivatives of the
preceding groups.

[0418] Examples of the aromatic aldehyde compound
include benzaldehyde, tolylaldehyde, and benzaldehyde,
anisaldehyde, naphthaldehyde, anthraldehyde, biphenylalde-
hyde, formylfiuorene, formylbiphenyl, formylanthracene,
formylphenanthrene, formylphenothiazine, formylpyrene,
formylbenzopyrene, formylindacene, formylphenacene,
formylacenaphthylene, formylnaphthacene, formylpenta-
cene, formyltriphenylene, formylpyridine, formiylovalene,
diformylbenzene, diformyltoluene, diformylxylene,
diformylnaphtharene, diformylbiphenyl, diformylterphenyl,
diformylanthracene, diformylphenanthrene, diformylpyrene,
diformylindacene, diformylphenalene, diformylacenaphth-
ylene, diformylphenalene, diformylnaphthacene, diformyl-
pentacene, diformyltriphenylene, diformylpyridine,
diformylimidazole, diformylfuran, diformylthiazole,
diformylflavone, diformylisoflavone, triformylbenzene, tri-
formyltoluene, triformylxylene, triformylnaphtharene, tri-
formylbiphenyl, triformylterphenyl, triformylanthracene, tri-
formylphenanthrene, triformylpyrene, triformylindacene,
triformylphenalene, triformylacenaphthylene, triformylphe-
nalene, triformylnaphthacene, triformylpentacene, triformyl-
triphenylene, triformylterpyridine, triformylimidazole, tri-
formylfuran, triformylthiazole, triformylflavone,
triformylisoflavone,  tetraformylbenzene,  tetraformyl-
naphtharene, tetraformylbiphenyl, tetraformylterphenyl, tet-
raformylanthracene, tetraformylphenanthrene, tet-
raformylpyrene, tetraformylindacene, tetraformylphenalene,
tetraformylacenaphthylene, tetraformylphenalene,  tet-
raformylnaphthacene, tetraformylpentacene, tetraformyltet-
raphenylene, tetraformylquaterpyridine, tetraformylimida-
zole, tetraformylfuran, tetraformylthiazole,
tetraformylflavone, and tetraformylisoflavone, each option-
ally having a substituent having 2 to 20 carbon atoms. In the
above, the substituent is alkyl group, cycloalkyl group, aryl
group, alkoxyl group, cyano group, nitro group, hydroxyl
group, boronic acid group, heterocyclic group, halogen atom,
carboxyl group, alkylsilyl group, or a functional group
selected from derivatives of the preceding groups.

[0419] Examples of heterocyclic aldehyde compound
include furfural, nicotinealdehyde, 2-tetrahydrofuran carbal-
dehyde, and 2-thiophene carbaldehyde.

[0420] These compounds are preferably substituted by
hydroxyl group, boronic acid group, a halogen atom or car-
boxyl group, because the acid-dissociating functional group
is easily introduced.

[0421] Of the above, preferred is an aromatic aldehyde
having 1 to 4 formyl groups in view of the etching resistance,
more preferred is an aromatic aldehyde having 1 to 2 formyl
groups in view of forming fine patterns, still more preferred is
an aromatic aldehyde having one formyl group because such
aromatic aldehyde and the cyclic compound (BO) can be
produced in high yields and high purity.

[0422] The compound for introducing the acid-dissociating
functional group is synthesized by a known method or com-
mercially easily available and is selected from, but not limited
1o, active carboxylic acid derivatives such as an acid chloride,
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an acid anhydride and a dicarbonate, an alkyl halide, a vinyl
alkyl ether, dihydropyran, and an alkyl halocarboxylate. The
purity of the compound having 2 to 59 carbon atoms and 1 to
4 formyl groups and the compound for introducing an acid-
dissociating functional group is, but not particularly limited
to, generally 95% by weight or more and preferably 99% by
weight or more. The compound having 2 to 59 carbon atoms
and 1 to 4 formyl groups and the compound for introducing an
acid-dissociating functional group may be used alone or in
combination of two or more, respectively, and preferably
used alone in view of the uniformity of the solid component in
resist films.

[0423] For example, the aldehyde compound (Ale) is pro-
duced as follows. A benzaldehyde compound having a phe-
nolic hydroxyl group such as 4-hydroxybenzaldehyde is dis-
solved or suspended in an organic solvent such as acetone and
tetrahydrofuran. After adding an alkyl halide such as cyclo-
hexylchloromethyl ether or an alkyl halocarboxylate such as
methyladamantyl bromoacetate, the reaction is allowed to
proceed in the presence of an alkali catalyst such as potassium
carbonate under atmospheric pressure at 20 to 110° C. for 0.1
to 72 h. After neutralization, the reaction product liquid is
poured into distilled water to precipitate a white solid matter.
The separated white solid matter is washed with distilled
water and dried, to obtain the aldehyde compound (Alc).
[0424] Alternatively, a benzaldehyde compound having a
phenolic hydroxyl group such as 4-hydroxybenzaldehyde is
dissolved or suspended in an aprotic solvent such as acetone,
tetrahydrofuran and propylene glycol monomethyl ether
acetate. After adding a vinyl alkyl ether such as cyclohexyl
vinyl ether, the reaction is allowed to proceed in the presence
of an acid catalyst such as pyridinium p-toluenesulfonate
under atmospheric pressure at 20 to 60° C. for 0.1 to 72 h.
After neutralizing with an alkali compound, the reaction
product liquid is poured into distilled water to precipitate a
white solid matter. The separated white solid matter is washed
with distilled water and dried, to obtain the aldehyde com-
pound (A 1c).

[0425] The aldehyde compound (A1) is produced by the
reaction of a carboxybenzaldehyde such as 3-carboxybenzal-
dehyde and an alcohol having an acid-dissociating functional
group such as methyladamantylmethanol in an organic sol-
vent such as tetrahydrofuran in the presence of an acid or base
esterification catalyst.

[0426] The aldehyde compound (Alc) is also produced by
a Grignard reaction between a halobenzaldehyde such as
4-chlorobenzaldehyde and 4-bromobenzaldehyde or 4-chlo-
romethylbenzaldehyde and a Grignard reagent in the pres-
ence of a copper catalyst.

[0427] The aldehyde compound (Alc) is also produced by
a Grignard reaction between a halobenzaldehyde such as
4-chlorobenzaldehyde and 4-bromobenzaldehyde or 4-chlo-
romethylbenzaldehyde and a Grignard reagent in an organic
solvent such as tetrahydrofuran in the presence of a copper
catalyst.

[0428] Further, the aldehyde compound (Alc) is produced
by a Suzuki coupling reaction of a formylphenyl borate such
as 4-formylphenyl borate with an alkyl halide such as cyclo-
hexyl chloromethyl ether or a alkyl halocarboxylate such as
methyladamantyl bromoacetate in an organic solvent such as
tetrahydrofuran in the presence of a palladium and base cata-
lyst.

[0429] Examples ofthe aldehyde compound (Alc) include,
but not limited to, a compound obtained by introducing the
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acid-dissociating functional group into the compound having
2 to 59 carbon atoms and 1 to 4 formyl groups mentioned
above. Preferred is an aromatic aldehyde compound in view
of the etching resistance, more preferred is an aromatic alde-
hyde compound having 1 to 2 formyl groups in view of
forming fine patterns, and still more preferred is an aromatic
aldehyde compound having one formyl group.

[0430] The aldehyde compound (A 1c¢) is preferably repre-
sented by the following formula (47):

@7
(LR,

/lﬁ

TR,

CHO

wherein L is a divalent organic group selected from the group
consisting of a single bond, an alkylene group having 1 to 20
carbon atoms, a cycloalkylene group having 3 to 20 carbon
atoms, an arylene group having 6 to 20 carbon atoms, —O—,
—0OC(=0)—, —OC(=0)0—, —N(R)—C(=0)—,
—NR)—C(=0)0—, —S—, —SO—, —SO,—, and any
combination of the preceding groups; R! is hydrogen atom or
an acid-dissociating functional group selected from the group
consisting of a substituted methyl group having 2 to 20 carbon
atoms, a 1-substituted ethyl group having 3 to 20 carbon
atoms, a 1-substituted n-propyl group having 4 to 20 carbon
atoms, a 1-branched alkyl group having 3 to 20 carbon atoms,
a silyl group having 1 to 20 carbon atoms, an acyl group
having 2 to 20 carbon atoms, a 1-substituted alkoxyalkyl
group having 2 to 20 carbon atoms, a cyclic ether group
having 2 to 20 carbon atoms, an alkoxycarbonyl group having
2 to 20 carbon atoms, and an alkoxycarbonylalkyl group; R*
is hydrogen atom, an alkyl group having 1 to 20 carbon atoms,
acycloalkyl group having 3 to 20 carbon atoms, an aryl group
having 6 to 20 carbon atoms, an alkoxyl group having 1 to 20
carbon atoms, cyano group, nitro group, hydroxyl group, a
heterocyclic group, a halogen atom, carboxyl group, an alkyl-
silyl group having 1 to 20 carbon atoms, or a functional group
selected from derivatives of the preceding groups; R’ is
hydrogen atom or an alkyl group having 1 to 10 carbon atoms;
m, is an integer of 1 to 5 and m, is an integer of O to 4
satisfying m, +m,=5.

[0431] The compound of the formula (47) is produced by
the methods described above.

[0432] The aldehyde compound (Alc) is more preferably
represented by the following formula (48):

48)
(LR,

a

CHO

AN

wherein L, R, and m, are the same as defined above.
[0433] The compound of the formula (48) is produced by
the methods described above.
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[0434] The aldehyde compound (Alc) is still more prefer-
ably represented by the following formula (49):

(49)
IR!

CHO

wherein [ and R" are the same as defined above.

[0435] The compound of the formula (49) is produced by
the methods described above.

[0436] The aldehyde compound (Alc) is particularly pref-
erably represented by the following formula (50):

(50)
OR!

CHO

wherein R! is the same as defined above.

[0437] The compound of the formula (50) is produced by
the methods described above.

[0438] In the formulae (47) to (50), R* is an acid-dissoci-
ating functional group selected from the group consisting of a
substituted methyl group having 2 to 20 carbon atoms, a
1-substituted ethyl group having 3 to 20 carbon atoms, a
1-substituted n-propyl group having 4 to 20 carbon atoms, a
1-branched alkyl group having 3 to 20 carbon atoms, a silyl
group having 1 to 20 carbon atoms, an acyl group having 2 to
20 carbon atoms, a 1-substituted alkoxyalkyl group having 2
to 20 carbon atoms, a cyclic ether group having 2 to 20 carbon
atoms, an alkoxycarbonyl group having 2 to 20 carbon atoms
and an alkoxycarbonylalkyl group having 2 to 20 carbon
atoms. Examples thereof are selected from those as described
above with respect to the cyclic compound. Plural R* are the
same or different, preferably the same in view of the unifor-
mity of the solid component in resist films.

[0439] R' is more preferably an acid-dissociating func-
tional group having a structure selected from a cycloalkane
having 3 to 20 carbon atoms, a lactone, and an aromatic ring
having 6 to 12 carbon atoms. The cycloalkane having 3 to 12
carbon atoms may be monocyclic or polycyclic, and prefer-
ably polycyclic. Examples thereof include a monocycloal-
kane, a bicycloalkane, a tricycloalkane, and a tetracycloal-
kane, and more specifically include a monocycloalkane such
as cyclopropane, cyclobutane, cyclopentane, and cyclohex-
ane and a polycycloalkane such as adamantane, norbornane,
isobornane, tricyclodecane, and tetracyclodecane, with ada-
mantane, tricyclodecane, and tetracyclodecane being pre-
ferred, and adamantane and tricyclodecane being particularly
preferred. The cycloalkane having 3 to 12 carbon atoms may
be substituted. Examples ofthe lactone include butyrolactone
and a cycloalkane having 3 to 12 carbon atoms and a lactone
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ring. Examples of the aromatic ring having 6 to 12 carbon
atoms include benzene ring, naphthalene ring, anthracene
ring, phenanthrene ring, and pyrene ring, with benzene ring
and naphthalene ring being preferred and naphthalene ring
being particularly preferred.

[0440] The acid-dissociating functional group is particu-
larly preferably represented by the following formula (50-1),
because the resultant resist pattern has a high resolution and a
small LER.

(50-1)

%n .

d |
““-»( ®9),

[0441] In the formula (50-1), R, RS, n,, n,, and n, are the
same as defined above.

[0442] Examples of the phenol compound (A2) include
phenol, catechol, resorcinol, hydroquinone, and pyrogallol,
with resorcinol and pyrogallol being preferred, and resorcinol
being more preferred. The phenol compound (A2) may be
substituted by a group selected from the group consisting of a
halogen atom, an alkyl group, a cycloalkyl group, an aryl
group, an aralkyl group, an alkoxyl group, an alkenyl group,
carboxyl group, an acyl group, an alkoxycarbonyl group, an
alkyloyloxy group, an aryloyloxy group, cyano group, nitro
group, a heterocyclic group, an alkylsilyl group, a substituted
methyl group, a 1-substituted ethyl group, a 1-substituted
n-propyl group, a 1-branched alkyl group, silyl group, a
1-substituted alkoxyalkyl group, a cyclic ether group and an
alkoxycarbonylalkyl group, as long as the effect of the present
invention is not adversely affected. The purity of the phenol
compound (A2) is, but not limited to, generally 95% by
weight or more and preferably 99% by weight or more. The
phenol compound (A2) may be used alone or in combination
of two or more, and preferably used alone in view of the
uniformity of the solid component of the resist film.

[0443] The molecular weight of the cyclic compound (B0)
is 800 to 5000, preferably 1000 to 2500, and more preferably
1500 to 2000. Within the above ranges, the resolution is
improved while maintaining the film-forming properties nec-
essary for the resists.
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[0444] In an embodiment of the present invention, the
cyclic compound (BO) is preferably represented by the fol-
lowing formula (51):

G

R3

wherein R? is independently hydrogen atom; a functional
group selected from the group consisting of an alkyl group
having 1 to 20 carbon atoms, a cycloalkyl group having 3 to
20 carbon atoms, an aryl group having 6 to 20 carbon atoms,
an alkoxyl group having 1 to 20 carbon atoms, cyano group,
nitro group, hydroxyl group, heterocyclic group, halogen
atom, carboxyl group, an alkylsilyl group having 1 to 20
carbon atoms, and groups derived from the preceding groups;
or an acid-dissociating functional group selected from the
group consisting of a substituted methyl group having 2 to 20
carbon atoms, a 1-substituted ethyl group having 3 to 20
carbon atoms, a 1-substituted n-propyl group having 4 to 20
carbon atoms, a 1-branched alkyl group having 3 to 20 carbon
atoms, a silyl group having 1 to 20 carbon atoms, an acyl
group having 2 to 20 carbon atoms, a 1-substituted alkoxy-
alkyl group having 2 to 20 carbon atoms, a cyclic ether group
having 2 to 20 carbon atoms, an alkoxycarbonyl group having
2 to 20 carbon atoms and an alkoxycarbonylalkyl group; and
L,R', R? m, and m, are the same as defined in the formula
“47).

[0445] Plural R? are the same or different, preferably the
same in view of increasing the uniformity of the radiation-
sensitive composition and reducing the roughness of the resist
pattern to be obtained.

[0446] The cyclic compound (BO) of the formula (51) is
produced as follows. For example, 1 mol of the aldehyde
compound (A 1c) and 0.1 to 10 mol of the phenol compound
(A2) are allowed to react in an organic solvent such as metha-
nol and ethanol in the presence of an acid catalyst (hydro-
chloric acid, sulfuric acid, p-toluenesulfonic acid, etc.) at 0 to
100° C. for about 0.5 to 72 h. After filtration, the collected
precipitates are washed with an alcohol such as methanol,
washed with water, and dried to obtain the cyclic compound
(B0O). Alternatively, the cyclic compound (BO) may be
obtained by the same reaction except for using a basic catalyst
(sodium hydroxide, barium hydroxide, 1,8-diazabicyclo[5.4.
OJundecane 7, etc.) in place of the acid catalyst. In addition,
the cyclic compound (BO) may be produced by converting the
aldehyde compound (Alc) to a dihalide using a hydrogen
halide or halogen gas and allowing the isolated dihalide to
react with the phenol compound (A2).
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[0447]
by the following formula (52):

(52

wherein L, R', R%, m, and m, are the same as defined in the
formula (51).

[0448] The cyclic compound (BO) of the formula (52) is
produced by the methods described above.

[0449] The cyclic compound (BO) is more preferably rep-
resented by the following formula (53):

(33)

The cyclic compound (B0) is preferably represented
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-continued

wherein L, R' and m, are the same as defined in the formula
(SD.

[0450] The cyclic compound (BO) of the formula (53) is
produced by the methods described above.

[0451] Thecycliccompound (BO) is particularly preferably
represented by the following formula (54):

wherein R” is the same as defined in the formula (51).
[0452] The cyclic compound (BO) of the formula (54) is
produced by the methods described above.
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[0453] In the formula (51), R? is hydrogen atom, an alkyl
group, a cycloalkyl group, an aryl group, an alkoxyl group,
cyano group, nitro group, hydroxyl group, a heterocyclic
group, a halogen atom, carboxyl group, an alkylsilyl group, a
functional group selected from derivatives of the preceding
groups, or an acid-dissociating functional group selected
from the group consisting of a C,_,, substituted methyl group,
a C,_,, 1-substituted ethyl group, a C,_, 1-substituted n-pro-
pyl group, aC,_,, 1-branched alkyl group, aC, ,, silyl group,
aC,_,,acyl group, a C,_,, 1-substituted alkoxyalkyl group, a
C, 5, cyclic ether group, and a C, ,, alkoxycarbonyl group.
[0454] Examples of the C, ,, substituted methyl group,
C;_,0 1-substituted ethyl group, C, ,, 1-substituted n-propyl
group, C;_,, 1-branched alkyl group, C, _,, silyl group, C, ,,
acyl group, C, ,, l-substituted alkoxyalkyl group, C, .,
cyclic ether group, and C, ,, alkoxycarbonyl group are
selected from the acid-dissociating functional groups as
described above with respect to R*.

[0455] An acid-dissociating functional group may be intro-
duced into at least one phenolic hydroxyl group of the cyclic
compound (B0), as long as the effect of the present invention
is not adversely affected. The method thereof is known. For
example, the introduction is effected by the same method as in
the introduction of the acid-dissociating functional group into
the compound having 2 to 59 carbon atoms and 1 to 4 formyl
groups.

[0456] Forexample, the cyclic compound (BO0)is dissolved
or suspended in an aprotic solvent such as acetone, tetrahy-
drofuran (THF) and propylene glycol monomethyl ether
acetate. After adding vinyl alkyl ether such as ethyl vinyl
ether or dihydropyran, the reaction is allowed to proceed in
the presence of an acid catalyst such as pyridinium p-toluene-
sulfonate under atmospheric pressure at 20 to 60° C. for 6 to
72 h. The reaction product liquid is neutralized by an alkali
compound and then poured into distilled water to precipitate
a white solid matter. The white solid matter is separated,
washed with distilled water and dried to obtain the aimed
compound.

[0457] An acid-non-dissociating functional group may be
introduced into at least one phenolic hydroxyl group of the
cyclic compound (BO0), as long as the effect of the present
invention is not adversely affected. The acid-non-dissociating
functional group is a characteristic group which is not disso-
ciated in the presence of acid, thereby failing to generate an
alkali-soluble group. Examples thereof include a group
which is not dissociated by the action of acid such as a C, _,,
alkyl group, a C;_,, cycloalkyl group, a Cg_,, aryl group, a
C, 5o alkoxyl group, cyano group, nitro group, hydroxyl
group, a heterocyclic group, a halogen atom, carboxyl group,
a C, ,, alkylsilyl group, and a functional group derived from
derivatives of the preceding groups.

[0458] A naphthoquinonediazido ester group may be intro-
duced into at least one phenolic hydroxyl group of the cyclic
compound (BO). The cyclic compound (B0) having at least
one phenolic hydroxyl group into which the naphthoquino-
nediazido ester group is introduced may be used as the main
component of a positive-type radiation-sensitive composi-
tion, or may be added to a radiation-sensitive composition as
an acid generator or additive.

[0459] An acid-generating functional group which gener-
ates an acid upon the irradiation with radiation may be intro-
duced into at least one phenolic hydroxyl group of the cyclic
compound (B0). The cyclic polyphenol compound obtained
by introducing the acid-generating functional group into at
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least one phenolic hydroxyl group of the cyclic compound
(BO) may be used as the main component of a positive-type
radiation-sensitive composition, or may be added to a radia-
tion-sensitive composition as an acid generator or additive.
[0460] Irrespective of its low molecular weight, the cyclic
compound (BO) is excellent in the film-forming properties,
heat resistance, and dry-etching resistance and is of low out-
gas. In addition, the cyclic compound (BO) is structurally pure
to enhance the uniformity of the resist film. Therefore, the
cyclic compound (BO) is preferably used as a resist compo-
nent of a radiation-sensitive composition. With a radiation-
sensitive composition containing the cyclic compound (BO0),
a high resolution, a high sensitivity, and a small line edge
roughness are obtained.

Production Method (2) of Cyclic Compound (B0)

[0461] The present invention further relates to a method of
producing a cyclic compound (B0), comprising a first stage
reaction in which an aldehyde compound (A1d) having 2 to
59 carbon atoms, 1 to 2 carboxyl groups or ester groups and 1
to 4 formyl groups and a phenol compound (A2) are subjected
to a condensation reaction, thereby synthesizing a cyclic
compound (A0) having 1 to 8 carboxyl groups and a molecu-
lar weight of 800 to 5000, and a second stage reaction in
which the cyclic compound (AQ) is allowed to react with a
compound (A3) having a halomethyl ether group.

[0462] The cyclic compound (BO) is also produced by
using an alkyl halocarboxylate (A4) in place of the halom-
ethyl ether compound (A3).

[0463] Examples of the alkyl halocarboxylate (A4)
include, but not limited to, an aliphatic compound having 1 to
2 haloalkylcarboxyl groups, an alicyclic compound having 1
to 2 haloalkylcarboxyl groups, and an aromatic compound
having 1 to 2 haloalkylcarboxyl groups. Preferred is a com-
pound represented by the following formula (55):

(35)
(€]

(X—L—C—O037R

wherein R” is a linear alkyl group having 1 to 20 carbon
atoms, a branched alkyl group having 3 to 20 carbon atoms, a
cycloalkyl group having 3 to 20 carbon atoms or an aryl group
having 6 to 20 carbon atoms, X is a halogen atom,and L, is a
single bond or a divalent organic group selected from linear
and branched alkylene groups having 1 to 4 carbon atoms.
[0464] Examples of the linear alkyl group having 1 to 20
carbon atoms, preferably 1 to 12 carbon atoms include methyl
group, ethyl group, n-propyl group, n-butyl group, n-pentyl
group, n-octyl group, and n-dodecyl group.

[0465] Examples ofthe branched alkyl group having 3 to 20
carbon atoms, preferably 3 to 10 carbon atoms include iso-
propyl group, t-butyl group, isopentyl group, and neopentyl
group.

[0466] The cycloalkyl group has 3 to 20 carbon atoms,
preferably 6 to 14 carbon atoms. The aliphatic ring in the
cycloalkyl group may be a monocyclic or polycyclic ring,
preferably a polycyclic ring, for example, a monocycloal-
kane, a bicycloalkane, a tricycloalkane, and a tetracycloal-
kane, particularly, a monocycloalkane such as cyclopropane,
cyclobutane, cyclopentane, and cyclohexane or a polycy-
cloalkane such as adamantane, norbornane, isobornane, tri-
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cyclodecane, and tetracyclodecane. Preferred are adaman-
tane, tricyclodecane, and tetracyclodecane, and particularly
preferred are adamantane and tricyclodecane.

[0467] Examples of the aryl group having 6 to 20 carbon
atoms include phenyl group, tolyl group, xylyl group, and
naphthyl group.

[0468] Examples of the halogen atom include fluorine,
chlorine, bromine, and iodine, with chlorine, bromine, and
iodine being preferred, bromine and iodine being more pre-
ferred, and bromine being still more preferred.

[0469] The alkyl halocarboxylate (A4) may be produced as
follows. For example, an alcohol compound such as 2-me-
thyl-2-adamantanol is dissolved in an organic solvent such as
tetrahydrofuran. After adding a base such as pyridine in an
amount of 0.8 to 2.4 equivalent to the alcohol compound and
a halocarboxylic acid halide such as bromoacetyl bromide in
an amount of 0.8 to 2.4 equivalent to the alcohol compound,
the reaction is allowed to proceed at O to 100° C. After the
reaction, the aimed alkyl halocarboxylate (A4) is isolated
from the product mixture by column chromatography.
[0470] The cyclic compound (BO) may be produced by the
reaction between the cyclic compound (A0) having a car-
boxyl group and the alkyl halocarboxylate (A4). For example,
the cyclic compound (AO) having a carboxyl group is dis-
solved or suspended in an aprotic solvent such as acetone,
THF and propylene glycol monomethyl ether acetate. After
adding the alkyl halocarboxylate (A4), the reaction is allowed
to proceed under atmospheric pressure at 0 to 110° C. for 1 to
168 h in the presence of an alkali catalyst such as pyridine,
triethylamine, diazabicycloundecene and potassium carbon-
ate in an amount of 0.5 to 4 equivalent, preferably 0.9 to 1.1
equivalent, more preferably 1.0 equivalent based on the car-
boxyl group of the cyclic compound (A0). After washing with
an alcohol such as methanol, washing with water and filter-
ing, the separated matter is dried to obtain the cyclic com-
pound (B0), which may be purified by a column chromatog-
raphy, etc., if necessary.

[0471] The other details are the same as described with
respect to the radiation-sensitive composition B.

Method of Forming Resist Pattern

[0472] The present invention further relates to a method of
forming a resist pattern comprising a step of forming a resist
film on a substrate using any of the radiation-sensitive com-
positions A to C, a step of exposing the resist film to radiation,
and a step of developing the resist film to form the resist
pattern.

[0473] In the formation of a resist pattern, the radiation-
sensitive composition of the present invention is first applied
ona substrate such as a silicon wafer and an aluminum-coated
wafer by a coating method such as spin coating, cast coating
and roll coating to form a resist film. The substrate may be
treated in advance with a surface treating agent such as hex-
amethylenedisilazane, if necessary.

[0474] Then, the coated substrate is heated, if necessary.
The heating temperature varies according to the blending
ratio of each component in the radiation-sensitive composi-
tion, and preferably from 20 to 250° C. and more preferably
from 20 to 150° C. The adhesion of the resist to the substrate
is preferably improved in some cases by the heating. Then, the
resist film is exposed in a desired pattern to a radiation
selected from the group consisting of visible lights, ultravio-
let rays, excimer lasers, electron beams, extreme ultraviolet
rays (EUV), X-rays, and ion beams. The exposing conditions
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can be suitably selected according to the blending ratio of
each component in the radiation-sensitive composition. In the
present invention, it is preferred to conduct a heat treatment
after the irradiation of radiation to stably form highly accurate
fine patterns by the exposure. The heating temperature is
preferably from 20 to 250° C. and more preferably from 20 to
150° C., although depending upon the blending ratio of each
component in the radiation-sensitive composition.

[0475] Then, the exposed resist film is developed with an
alkali developing solution to form desired resist patterns. As
the alkali developing solution, there may be used an aqueous
alkaline solution dissolving, for example, at least one alkaline
compound selected from mono-, di- or trialkylamines,
mono-, di- or trialkanolamines, heterocyclic amines, tetram-
ethylammonium hydroxide (TMAH) and choline in a con-
centration of preferably from 1 to 10% by mass and more
preferably from 1 to 5% by mass. The dissolution of the
exposed portion in the developing solution is preferably pre-
vented if the concentration is 10% by mass or less.

[0476] The alkali developing solution may contain an
appropriate amount of an alcohol such as methanol, ethanol
and isopropyl alcohol, or a surfactant mentioned above, with
the addition of isopropyl alcohol in 10 to 30% by mass being
particularly preferred, because the wetting between the resist
and the developing solution is enhanced. After developing
with such an aqueous alkaline solution, the developed pat-
terns are generally washed with water.

[0477] After forming resist patterns, the substrate is etched
to obtain a patterned wiring board. The etching may be per-
formed by known methods such as a dry-etching using a
plasma gas and a wet-etching using an alkali solution, a
copper (II) chloride solution, an iron (IIT) chloride solution,
etc.

[0478] After forming resist patterns, the substrate may be
plated, for example, by copper plating, solder plating, nickel
plating or gold plating.

[0479] The remaining resist patterns after etching may be
stripped off by an organic solvent or an alkaline aqueous
solution stronger than the aqueous alkali solution used for the
development. Examples of the organic solvent include
PGMEA (propylene glycol monomethyl ether acetate),
PGME (propylene glycol monomethyl ether) and EL (ethyl
lactate). Examples of the strong alkaline aqueous solution
include a 1 to 20% by mass aqueous sodium hydroxide solu-
tion and 1 to 20% by mass aqueous potassium hydroxide
solution. The stripping of the resist patterns may be per-
formed by dipping method, spray method, etc. The wiring
board having the resist patterns thereon may be a multi-
layered wiring board and may be formed with small through-
holes.

[0480] The wiring board may be produced by a lift-off
method in which a metal is vacuum-deposited after the for-
mation of resist patterns and then the remaining resist patterns
are removed by dissolution into a solution.

EXAMPLES

[0481] The present invention will be described in more
detail with reference to the following examples. However, it
should be noted that the following examples are only illus-
trative and do not limit the scope of the present invention
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thereto. In the following synthesis examples and examples,
the structure of each compound was identified by 'H-NMR
measurement.

Synthesis Example 1
Synthesis of Cyclic Compound (A)
Synthesis of CR-1

[0482] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into
the flask, resorcinol (22 g, 0.2 mol, manufactured by Kanto
Chemical Co., Inc.), 4-isopropylbenzaldehyde (29.6 g, 0.2
mol) and absolute ethanol (200 ml) were charged under nitro-
gen stream to prepare an ethanol solution. The solution was
heated to 85° C. on a mantle heater under stirring. After
adding 75 ml of a concentrated hydrochloric acid (35%) from
the dropping funnel over 30 min, the solution was continu-
ously stirred at 85° C. for 3 h. After the reaction, the solution
was allowed to stand to reach room temperature and then
cooled in an ice bath. After leaving at rest for 1 h, pale yellow
crystals were generated. The separated crude crystals were
washed twice with 500 ml of methanol, filtered and vacuum-
dried to obtain the aimed compound (CR-1) (45.6 g, 95%
yield). The result of LC-MS analysis showed that the com-
pound had a molecular weight of 960 of the aimed compound.
[0483] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0484] 1.1-1.2 (m, 24H), 2.6-2.7 (m, 4H), 5.5 (s, 4H), 6.0-
6.8 (m, 24H), 8.4, 8.5 (d, 8H)

(CR-1)

Synthesis of CR-2

[0485] In the same manner as in Synthesis Example of
CR-1 except for using 4-n-propylbenzaldehyde in place of
4-isopropylbenzaldehyde, CR-2 was synthesized (45.6 g,
95% yield). The result of LC-MS analysis showed that the
compound had a molecular weight of 960 of the aimed com-
pound.
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[0486] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0487] 0.9-1.0 (m, 12H), 1.4-1.6 (m, 8H), 2.3-2.5 (m, 8H),
5.5 (s, 4H), 6.0-6.8 (m, 24H), 8.4, 8.5 (d, 8H)

(CR-2)

Synthesis of CR-3

[0488] In the same manner as in Synthesis Example of
CR-1 except for replacing a half the molar amount of 4-iso-
propylbenzaldehyde with 4-n-propylbenzaldehyde, 45.6 g of
CR-3 was obtained. The result of LC-MS analysis showed
that the compound had a molecular weight of 960 of the
aimed compound.

[0489] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0490] 0.9-1.2 (m,36H), 1.4-1.6 (m, 8H), 2.3-2.7 (m, 12H),
5.5 (d, 8H), 6.0-6.8 (m, 48H), 8.4, 8.5 (m, 16H)

(CR-3)

R =i-Prm-Pr (1/1)

Synthesis of CR-4

In the same manner as in Synthesis Example of
CR-1 except for replacing /4 the molar amount of 4-isopro-
pylbenzaldehyde with bromobenzaldehyde, 45.5 g of CR-4
was obtained.

[0491]
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[0492] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0493] 1.1-1.2 (m, 18H), 2.6-2.7 (m, 3H), 5.5 (m, 4H),
6.0-6.8 (m, 24H), 8.4-8.5 (m, 8H)

[0494] From the chemical shifts of "H-NMR, the ratio of
the number of bromine atoms to the total number of constitu-
ent atoms of CR-4 was 0.8%.

(CR-4)

R!Z = i-Pr/Br (3/1)

Synthesis of CR-5

[0495] In the same manner as in Synthesis Example of
CR-1 except for replacing Y4 the molar amount of 4-isopro-
pylbenzaldehyde with bromobenzaldehyde and %% with dim-
ethylaminobenzaldehyde, 45.5 g of CR-5 was obtained.
[0496] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0497] 1.1-1.2 (m, 30H), 2.6-2.7 (m, 5H), 2.9 (m, 6H), 5.5
(m, 8H), 6.0-6.8 (m, 48H), 8.4, 8.5 (m, 16H)

[0498] From the chemical shifts of 'H-NMR, the ratio of
the number of bromine atoms to the total number of constitu-
ent atoms of CR-5 was 0.8% and the ratio of the number of
nitrogen atoms to the total number of constituent atoms of
CR-5 was 0.4%.

(CR-5)

RI€ = i-Pr/Br/N(CH;3)x(5/2/1)
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Synthesis of CR-6

[0499] In the same manner as in Synthesis Example of
CR-1 except for using 2,4-dimethylbenzaldehyde in place of
4-isopropylbenzaldehyde, CR-6 was obtained (44.3 g, 98%
yield). The result of LC-MS analysis showed that the com-
pound had a molecular weight 0f 904 of the aimed compound.
[0500] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0501] 0.9-1.0 (d, 12H), 1.4-1.6 (d, 12H), 5.6 (t, 4H), 6.1-
6.5 (m, 20H), 8.3-8.5 (m, 8H)

(CR-6)

Synthesis of CR-7

[0502] In the same manner as in Synthesis Example of
CR-1 except for using isobutylbenzaldehyde in place of
4-isopropylbenzaldehyde, CR-7 was obtained (49.0 g, 96%
yield). The result of LC-MS analysis showed that the com-
pound had a molecular weight of 1017 of the aimed com-
pound.

[0503] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0504] 1.7 (m,4H),2.3-2.4 (m,8H), 5.5(d, 4H), 5.8-6.8 (m,
24H), 8.4-8.6 (t, 8H)

(CR-7)
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Synthesis of CR-8

[0505] In the same manner as in Synthesis Example of
CR-1 except for using biphenylaldehyde in place of 4-isopro-
pylbenzaldehyde, CR-8 was obtained (53.5 g, 98% yield).
The result of LC-MS analysis showed that the compound had
a molecular weight of 1096 of the aimed compound.

[0506] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0507] 6.0-7.4 (d, 4H), 6.1-6.5 (m, 24H), 8.6-8.7 (t, 8H)

(CR-8)

Synthesis of CR-9

[0508] In the same manner as in Synthesis Example of
CR-1 except for using 3-bromo-4-methylbenzaldehyde in
place of 4-isopropylbenzaldehyde, CR-9 was obtained (56.3
g, 97% yield). The result of LC-MS analysis showed that the
compound had a molecular weight of 1160 of the aimed
compound.

[0509] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0510] 1.0-1.2(d, 12H), 6.0-7.4 (d, 4H), 6.1-6.5 (m, 20H),
8.6-8.7 (1, 8H)

(CR-9)
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Synthesis of CR-10

[0511] In the same manner as in Synthesis Example of
CR-1 except for using 5-bromo-2,4-dimethylbenzaldehyde
in place of 4-isopropylbenzaldehyde, CR-10 was obtained
(57.8 g, 95% yield). The result of LC-MS analysis showed
that the compound had a molecular weight of 1216 of the
aimed compound.

[0512] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0513] 0.9-1.0 (d, 12H), 1.4-1.6 (d, 12H), 6.0-7.4 (d, 4H),
6.1-6.5 (m, 16H), 8.6-8.7 (t, 8H)

(CR-10)

Synthesis of CP-1

[0514] In the same manner as in Synthesis Example of
CR-1 except for using pyrogallol in place of resorcinol, CP-1
was obtained (49.9 g, 97% yield). The result of LC-MS analy-
sis showed that the compound had a molecular weight of 1024
of the aimed compound.

[0515] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0516] 0.9-1.0 (m, 12H), 1.4-1.6 (m, 8H), 2.3-2.5 (m, 8H),
5.5 (s, 4H), 6.0-6.8 (m, 20H), 8.4-8.5 (m, 12H)

(CP-1)
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Synthesis of CP-2

[0517] In the same manner as in Synthesis Example of
CR-1 except for using 4-biphenylaldehyde in place of 4-iso-
propylbenzaldehyde and using pyrogallol in place of resorci-
nol, CP-2 was obtained (55.8 g, 96% yield). The result of
LC-MS analysis showed that the compound had a molecular
weight of 1160 of the aimed compound.

[0518] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0519] 6.0-7.4 (d, 4H), 6.1-6.5 (m, 20H), 8.6-8.7 (m, 12H)

(CP-2)

Synthesis Example 2

Synthesis of Cyclic Compound (B)
Synthesis of BOC50CR-1

[0520] A four-neck flask (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution 0f 9.6 g (10 mmol) of CR-1 synthesized in Synthesis
Example 1, 0.1 g (1 mmol) of 4,4'-dimethylaminopyridine
and 500 ml of acetone in the flask, 8.7 g (40 mmol) of
di-t-butyl dicarbonate was added dropwise under nitrogen
stream. The reaction liquid was stirred at room temperature
for 1 h. After the reaction, the solvent was removed. The
obtained solid was purified by column chromatography using
a mixed solvent of hexane/ethyl acetate=1/3, to obtain 13.0 g
of BOCS50CR-1 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups.

[0521] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0522] 1.1-1.3 (m, 60H), 2.6-2.7 (m, 4H), 5.5 (s, 4H), 6.0-
6.8 (m, 24H), 8.4, 8.5 (d, 4H)

Synthesis of tBuS0CR-1

[0523] A four-neck flask (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution 0f 9.6 g (10 mmol) of CR-1 synthesized in Synthesis
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Example 1, 13.8 g of potassium carbonate and 400 ml of THF
in the flask, a solution of 7.7 g (40 mmol) of t-butyl bromoac-
etate in 100 ml of THF was added dropwise under nitrogen
stream. The reaction liquid was stirred at room temperature
for 1 h. After the reaction, the solvent was removed. The
obtained solid was purified by column chromatography using
a mixed solvent of hexane/ethyl acetate=1/3, to obtain 12.9 g
of tBuS0CR-1 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonylmethyl groups.
[0524] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0525] 1.1-1.2 (m, 24H), 1.5 (d, 36H), 2.6-2.7 (m, 4H),
4.4-4.5(d, 4H), 5.5 (s, 4H), 6.0-6.8 (m, 24H), 8.4, 8.5 (d, 4H)

Synthesis of MADSOCR-1

[0526] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of 9.6 g (10 mmol) of CR-1 synthesized in Synthesis
Example 1, 13.8 g of potassium carbonate and 400 ml of THF
in the flask, a solution of 11.4 g (40 mmol) of methyladaman-
tyl bromoacetate in 100 ml of THF was added dropwise under
nitrogen stream. The reaction liquid was stirred at room tem-
perature for 1 h. After the reaction, the solvent was removed.
The obtained solid was purified by column chromatography
using a mixed solvent of hexane/ethyl acetate=1/3, to obtain
14.0 g of MADS0CR-1 in which 50 mol % of the phenolic
hydroxyl groups were substituted by methyladamantyloxy-
cathonylmethyl groups.

[0527] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0528] 1.1-1.2 (m, 24H), 1.4-2.2 (m, 68H), 2.6-2.7 (m, 4H),
4.4-4.5(d, 4H), 5.5 (s, 4H), 6.0-6.8 (m, 24H), 8.4, 8.5 (d, 4H)

Synthesis of EESOCR-1

[0529] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of 9.6 g (10 mmol) of CR-1 synthesized in Synthesis
Example 1, 2.5 g of pyridinium p-toluenesulfonate and 400
ml of acetone in the flask, 2.9 g (40 mmol) of ethyl vinyl ether
was added dropwise under nitrogen stream. The reaction
liquid was stirred at room temperature for 24 h. After the
reaction, the solvent was removed. The obtained solid was
purified by column chromatography using a mixed solvent of
hexane/ethyl acetate=1/3, to obtain 11.2 g of EESOCR-1 in
which 50 mol % of the phenolic hydroxyl groups were sub-
stituted by ethoxyethyl groups.

[0530] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0531] 0.9-1.0 (m, 12H), 1.1-1.2 (m, 24H), 1.3-1.4 (m,
12H), 2.6-2.7 (m, 4H), 3.3-3.4 (m, 8H), 5.1 (m, 4H), 5.5 (s,
4H), 6.0-6.8 (m, 24H), 8.4, 8.5 (d, 4H)

Synthesis of CESOCR-1

[0532] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of 9.6 g (10 mmol) of CR-1 synthesized in Synthesis
Example 1, 2.5 g of pyridinium p-toluenesulfonate and 400
ml of 1,3-dioxolane in the flask, 5.0 g (40 mmol) of cyclo-
hexyl vinyl ether was added dropwise under nitrogen stream.
The reaction liquid was stirred at room temperature for 24 h.
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After the reaction, the solvent was removed. The obtained
solid was purified by column chromatography using a mixed
solvent of hexane/ethyl acetate=1/3, to obtain 12.2 g of
CESOCR-1 in which 50 mol % of the phenolic hydroxyl
groups were substituted by cyclohexyloxyethyl groups.
[0533] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0534] 1.1-1.2(m, 24H), 1.3-1.4 (m, 12H), 2.6-2.7 (m, 4H),
5.1 (m, 4H), 5.5 (s, 4H), 6.0-6.8 (m, 24H), 8.4, 8.5 (d, 4H)

Synthesis of BOC50CR-2

[0535] In the same manner as in the synthesis of
BOCS0CR-1 except for using CR-2 in place of CR-1,30.0 g
of OC50CR-2 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

[0536] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0537] 0.9-1.0 (m, 12H), 1.4-1.6 (m, 8H), 2.3-2.5 (m, 8H),
5.5 (s, 4H), 6.0-6.8 (m, 24H), 8.4, 8.5 (d, 4H)

Synthesis of tBuS0CR-2

[0538] In the same manner as in the synthesis of
tBuSOCR-1 except for using CR-2 in place of CR-1, 30.0 g of
BOCS0CR-2 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonylmethyl groups
was obtained.

[0539] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide: 0.9-1.0 (m, 12H), 1.4-1.6 (m,
44H),2.3-2.5(m, 8H), 4.4-4.5 (d, 4H), 5.5 (s, 4H), 6.0-6.8 (m,
24H), 8.4, 8.5 (d, 4H)

Synthesis of MADS0CR-2

[0540] In the same manner as in the synthesis of
MADSO0CR-1 except for using CR-2 in place of CR-1,30.0 g
of MADSOCR-2 in which 50 mol % of the phenolic hydroxyl
groups were substituted by methyladamantyloxycarbonylm-
ethyl groups was obtained.

[0541] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0542] 0.9-1.0(m, 12H), 1.4-2.2 (m, 76H), 2.3-2.5 (m, 8H),
4.4-4.5(d,4H), 5.5 (s, 4H), 6.0-6.8 (m, 24H), 8.4, 8.5 (d, 4H)

Synthesis of EESOCR-2

[0543] Inthe same manner as in the synthesis of EESOCR-1
except for using CR-2 in place of CR-1, 30.0 gof EESOCR-2
in which 50 mol % of the phenolic hydroxyl groups were
substituted by ethoxyethyl groups was obtained.

[0544] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0545] 0.9-1.0(m, 12H), 1.3-1.4 (m, 12H), 3.3-3.4 (m, 8H),
5.1 (m, 4H), 5.5 (s, 4H), 6.0-6.8 (m, 24H), 8.4, 8.5 (d, 4H)

Synthesis of CESOCR-2

[0546] Inthesamemanner as in the synthesis of CESOCR-1
except for using CR-2 in place of CR-1, 30.0 g of CESOCR-2
in which 50 mol % of the phenolic hydroxyl groups were
substituted by cyclohexyloxyethyl groups was obtained.
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[0547] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0548] 0.9-1.0 (m, 12H), 1.3-1.4 (m, 12H), 1.4-1.6 (m, 8H),
2.3-2.5 (m, 8H), 5.1 (m, 4H), 5.5 (s, 4H), 6.0-6.8 (m, 24H),
8.4,8.5 (d, 4H)

Synthesis of BOC50CR-3

[0549] In the same manner as in the synthesis of
BOCS0CR-1 except for using CR-3 in place of CR-1,30.0 g
BOCS0CR-3 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

[0550] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0551] 0.9-1.2 (m,36H), 1.2-1.3 (m, 72H), 1.4-1.6 (m, 8H),
2.3-2.7 (m, 12H), 5.5 (d, 8H), 6.0-6.8 (m, 48H), 8.4, 8.5 (m,
8H)

Synthesis of BOC50CR-4

[0552] In the same manner as in the synthesis of
BOCS0CR-1 except for using CR-4 in place of CR-1,30.0 g
of BOC50CR-4 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

[0553] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0554] 1.1-1.2 (m, 18H), 1.2-1.3 (m, 36H), 2.6-2.7 (m, 3H),
5.5 (m, 4H), 6.0-6.8 (m, 24H), 8.4-8.5 (m, 4H)

Synthesis of BOCS0CR-5

[0555] In the same manner as in the synthesis of
BOCS0CR-1 except for using CR-5 in place of CR-1,30.0 g
of BOCS50CR-5 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

[0556] 'H-NMR Chemical Shifts (8 ppm, TMS reference):
[0557] 1.1-1.2 (m,30H), 1.2-1.3 (m, 72H), 2.6-2.7 (m, 5H),
2.9 (m, 6H), 5.5 (m, 8H), 6.0-6.8 (m, 48H), 8.4, 8.5 (m, 8H)

Synthesis of BOC50CR-6

[0558] In the same manner as in the synthesis of
BOCS0CR-1 except for using CR-6 in place of CR-1,31.0 g
of BOCS50CR-6 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

[0559] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0560] 0.9-1.0 (d, 12H), 1.4-1.6 (d, 12H), 5.6 (t, 4H), 6.1-
6.5 (m, 20H), 8.3-8.5 (m, 4H)

Synthesis of BOCS0CR-7

[0561] In the same manner as in the synthesis of
BOCS0CR-1 except for using CR-7 in place of CR-1,30.8 g
of BOCS50CR-7 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

[0562] 'H-NMR. Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0563] 0.8-0.9 (d, 24H), 1.1-1.3 (s, 36H), 1.7 (m, 4H),
2.3-2.4 (m, 8H), 5.5 (d, 4H), 5.8-6.8 (m, 24H), 8.4-8.6 (t, 4H)

Synthesis of BOC50CR-8

[0564] In the same manner as in the synthesis of
BOCS0CR-1 except for using CR-8 in place of CR-1,30.5 g
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of BOCS50CR-8 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

[0565] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0566] 1.1-1.3 (s,36H), 6.0-7.4 (d, 4H), 6.1-6.5 (m, 24H),
8.6-8.7 (1, 4H)

Synthesis of BOC50CR-9
[0567] In the same manner as in the synthesis of

BOCS0CR-1 except for using CR-9 in place of CR-1,29.5 g
of BOCS50CR-9 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

[0568] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0569] 1.0-1.2 (d, 12H), 1.1-1.3 (s, 36H), 6.0-7.4 (d, 4H),
6.1-6.5 (m, 20H), 8.6-8.7 (t, 4H)

Synthesis of BOC50CR-10

[0570] In the same manner as in the synthesis of
BOCS0CR-1 except for using CR-10 in place of CR-1,29.4 g
of BOCS50CR-10 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

[0571] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0572] 0.9-1.0(d, 12H), 1.1-1.3 (s, 36H), 1.4-1.6 (d, 12H),
6.0-7.4 (d, 4H), 6.1-6.5 (m, 16H), 8.6-8.7 (t, 4H)

Synthesis of BOC67CP-1

[0573] In the same manner as in the synthesis of
BOCS0CR-1 except for using CP-1 in place of CR-1,37.2 g
of BOC67CP-1 in which 67 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

[0574] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0575] 0.9-1.0 (m, 12H), 1.1-1.3 (s, 72H), 1.4-1.6 (m, 8H),
2.3-2.5(m, 8H), 5.5 (s,4H), 6.0-6.8 (m, 20H), 8.4-8.5 (m, 4H)

Synthesis of BOC67CP-2

[0576] In the same manner as in the synthesis of
BOCS0CR-1 except for using CP-2 in place of CR-1, 38.6 g
of BOC67CP-2 in which 67 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

[0577] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy dimethyl sulfoxide:

[0578] 1.1-1.3 (s, 72H), 6.0-7.4 (d, 4H), 6.1-6.5 (m, 20H),
8.6-8.7 (m, 4H)

Examples 1-57 and Comparative Examples 1-3

[0579] The components shown in Table 1 were blended to
obtain a uniform solution, which was then filtered through a
Teflon membrane filter with a 0.2 pm pore size to prepare each
resist composition. Each composition was evaluated for the
following properties. The results are shown in Table 2.

(1) Evaluation of Resist Film-Forming Properties

[0580] A resist composition was spin-coated on a silicon
wafer by using a spin coater. The surface appearance of the
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10x10 mm resist film was visually observed. The surface
appearance was good for all the resist compositions.

(2) Patterning Test
(2-1) Evaluation of Resolution

[0581] After spin-coating a resist composition onto a clean
silicon wafer, the applied resist composition was subjected to
pre-exposure baking (PB) in an oven to form a resist film
having a thickness of 0.1 pm. The resist film was irradiated
with electron beams in a 1:1 line-and-space pattern with
intervals of 50 nm using an electron beam lithography system
(ELS-7500 manufactured by Elionix Co., Ltd.). After the
irradiation, each resist film was heated at a predetermined
temperature for 90 s and developed by immersing in a 2.38%
by weight aqueous solution of TMAH for 60 s. Thereafter, by
rinsing with distilled water for 30 s and drying, a positive-type
resist pattern was formed. The obtained line-and-space pat-
tern was observed under a scanning electron microscope
(S-4800 manufactured by Hitachi High-Technologies Corpo-
ration). The dose (uC/cm?) of the electron beam irradiation
was taken as the sensitivity.

(2-2) Evaluation of Pattern Shape

[0582] The obtained 1:1 line-and-space pattern with inter-
vals of 50 nm was cross-sectionally observed under the scan-
ning electron microscope (S-4800 manufactured by Hitachi
High-Technologies Corporation).

[0583] A: rectangular pattern (good)
[0584] B: nearly rectangular pattern (nearly good)
[0585] C: not rectangular pattern (poor)

(2-3) Evaluation of Line Edge Roughness (LER)

[0586] The distance between the edge and the base line was
measured at 300 points which were randomly selected along
the lengthwise direction (0.75 pm) of the 50-nm interval 1:1
line-and-space pattern, using Hitachi Semiconductor SEM,
terminal PC and V5 off-line measuring software (available
from Hitachi Science Systems, Ltd.). From the measured
results, the standard deviation (30) was calculated.

[0587] A:LER (30)=3.0 nm (good)
[0588] B: 3.0 nm<LER (30)=3.5 nm (nearly good)
[0589] C: 3.5 nm<LER (30) (poor)

(2-4) Measurement of Outgas

[0590] A portion (1.2x1.2 mm) of the resist film was irra-
diated with electron beams in a dose (WC/cm?) twice as much
as that used in (2-1). Thereafter, the difference in film thick-
ness between the portion irradiated with electron beams and
the portion not irradiated was measured using a scanning
probe microscope. The difference in film thickness was used
as an indication of the outgas. The results were compared with
the film loss measured in the same manner except for using a
modified polyhydroxystyrene (PHS) in which 50 mol % of
the hydroxyl groups had been substituted by t-butoxycarbo-
nyl groups.

[0591] A: film loss is equal to or smaller than film loss of
modified PHS

[0592] B: film loss is larger than film loss of modified PHS

(3) Solubility in Safety Solvents

[0593] The solubility of each compound obtained in Syn-
thesis Example 2 in safety solvents was measured at 23° C.
The solubility was evaluated by the largest dissolved amount
in the following solvents: propylene glycol monomethyl ether
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acetate, propylene glycol monomethyl ether, 2-heptanone, [0594] A:10.0 wt %=dissolved amount
anisole, butyl acetate, ethyl propionate, ethyl lactate, and [0595] B: 1.0 wt %=dissolved amount<10.0 wt %

cyclohexanone. [0596] C: dissolved amount<1.0 wt %
TABLE 1-1
Low molecular
Acid weight Acid-diffusion
Compound (A) generator (C) solubilizer (D) controller (E)  Solvent Surfactant (F)
Examples (g) ® (8 (® (® (®
1 BOCS50CR-1 P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
2 BOCS50CR-1 P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
3 tBuSOCR-1 P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
4 tBuSOCR-1 P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
5 MADSOCR-1  P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
6 MADSOCR-1  P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
7 EES0CR-1 P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
8 EES0CR-1 P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
9 CE50CR-1 P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
10 CE50CR-1 P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
11 BOCS50CR-1 P-1 — Q-1 S-1 —
1.0 0.1 — 0.01 30.0 —
12 BOCS50CR-1 P-1 CR-1 Q-1 S-1 —
0.8 0.1 0.2 0.01 30.0 —
13 BOCS50CR-1 P-1 — Q-1 S-1 —
1.0 0.2 — 0.02 30.0 —
14 BOCS50CR-1 P-1 CR-1 Q-1 S-1 —
0.8 0.2 0.2 0.02 30.0 —
15 BOCS50CR-1 P-1/P-2 — Q-1 S-1 —
1.0 0.15/0.15 — 0.03 30.0 —
16 BOCS50CR-1 P-1 — Q-1 S-1 D-1
1.0 0.2 — 0.02 30.0 0.02
17 BOCS50CR-1 P-1 — Q-1 S-1 D-2
1.0 0.2 — 0.02 30.0 0.02
18 BOCS50CR-1 P-1 CR-1 Q-1 S-1 D-1
0.8 0.2 0.2 0.02 30.0 0.02
19 BOCS50CR-1 P-2 CR-1 Q-1 S-1 —
0.8 0.2 0.2 0.02 30.0 —
20 CE50CR-1 P-3 CR-1 Q-2 S-1 —
0.8 0.2 0.2 0.02 30.0 —
TABLE 1-2
Low molecular
Acid weight Acid-diffusion
Compound (A) generator (C) solubilizer (D) controller (E)  Solvent Surfactant (F)
(® ® (8 (® (® (®
Examples
21 BOCS50CR-2 P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
22 BOCS50CR-2 P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
23 tBuSOCR-2 P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
24 tBuSOCR-2 P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
25 MADSOCR-2  P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
26 MADSOCR-2  P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
27 EES0CR-2 P-1 — Q-1 S-1 —

1.0 0.3 — 0.03 30.0 —
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TABLE 1-2-continued
Low molecular
Acid weight Acid-diffusion
Compound (A) generator (C) solubilizer (D) controller (E)  Solvent Surfactant (F)
® (8 (® ® (8 (®
28 EE50CR-2 P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
29 CE50CR-2 P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
30 CE50CR-2 P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
31 BOC50CR-2  P-1 — Q-1 S-1 —
1.0 0.1 — 0.01 30.0 —
32 BOC50CR-2  P-1 CR-1 Q-1 S-1 —
0.8 0.1 0.2 0.01 30.0 —
33 BOC50CR-2  P-1 — Q-1 S-1 —
1.0 0.2 — 0.02 30.0 —
34 BOC50CR-2  P-1 CR-1 Q-1 S-1 —
0.8 0.2 0.2 0.02 30.0 —
35 BOC50CR-2  P-1/P-2 — Q-1 S-1 —
1.0 0.15/0.15 — 0.03 30.0 —
36 BOC50CR-2  P-1 — Q-1 S-1 D-1
1.0 0.2 — 0.02 30.0 0.02
37 BOC50CR-2  P-1 — Q-1 S-1 D-2
1.0 0.2 — 0.02 30.0 0.02
38 BOC50CR-2  P-1 CR-1 Q-1 S-1 D-1
0.8 0.2 0.2 0.02 30.0 0.02
39 BOC50CR-2 P2 CR-1 Q-1 S-1 —
0.8 0.2 0.2 0.02 30.0 —
40 CE50CR-2 P-3 CR-1 Q-2 S-1 —
0.8 0.2 0.2 0.02 30.0 —
41 BOC530CR-3 P-1 — Q-1 S-1 —
1.0 0.1 — 0.01 30.0 —
42 BOC50CR-4  P-1 — Q-1 S-1 —
1.0 0.1 — 0.01 30.0 —
43 BOCS30CR-5 P-1 — Q-1 S-1 —
1.0 0.1 — 0.01 30.0 —
Comparative
Examples
1 BOC75CR-11  P-1 — Q-1 S-1 —
1.0 0.1 — 0.01 30.0 —
2 BOC50CR-12  P-1 — Q-1 S-1 —
1.0 0.1 — 0.01 30.0 —
3 BOC50CR-13  P-1 — Q-1 S-1 —
1.0 0.1 — 0.01 30.0 —
TABLE 1-3
Low molecular
Acid weight Acid-diffusion
Compound (A) generator (C) solubilizer (D) controller (E)  Solvent Surfactant (F)
Examples (g) (8) (& (9] (8) (9]
44 BOC50CR-6  P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
45 BOC50CR-6  P-1 CR-6 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
46 BOC50CR-7  P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
47 BOC50CR-7  P-1 CR-7 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
48 BOC50CR-8  P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
49 BOC50CR-8  P-1 CR-8 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
50 BOC50CR-9  P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
51 BOC50CR-9  P-1 CR-7 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
52 BOC50CR-10  P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
53 BOC50CR-10  P-1 CR-8 Q-1 S-1 —

0.8 0.3 0.2 0.03 30.0 —
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TABLE 1-3-continued
Low molecular
Acid weight Acid-diffusion
Compound (A) generator (C) solubilizer (D) controller (E)  Solvent Surfactant (F)
Examples (g) (8 (® ® (8 ®
54 BOC75CP-1  P-1 — Q1 S-1 —
1.0 0.3 — 0.03 300 —
55 BOC75CP-1  P-1 CP-1 Q1 S-1 —
0.8 0.3 0.2 0.03 300 —
56  BOC75CP-2  P-1 — Q1 S-1 —
1.0 0.3 — 0.03 300 —
57 BOC75CP-2  P-1 CP-2 Q1 S-1 —
0.8 0.3 0.2 0.03 300 —
Comparative Compounds
-continued
BOC75CR-11 (CR-12)
[0597] In the same manner as in Synthesis Example 1 HO OH
except for using 4-hydroxybenzaldehyde in place of 4-iso-
propylbenzaldehyde, CR-11 of the following formula was
obtained. Then, in the same manner as in Synthesis Example HO, OH
2 except for using CR-11 in place of CR-1, the aimed com-
pound BOC75CR-11 in which 75 mol % of the phenolic
hydroxyl groups were substituted by t-butoxycarbonyl
groups was obtained.
BOC50CR-12 Ho OH
[0598] In the same manner as in Synthesis Example 1
except for using acetaldehyde in place of 4-isopropylbenzal- HO o
dehyde, CR-12 of the following formula was obtained. Then, (CR-13)

in the same manner as in Synthesis Example 2 except for
using CR-12 in place of CR-1, the aimed compound
BOCS0CR-12 in which 50 mol % of the phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups was
obtained.

BOCS0CR-13

[0599] In the same manner as in Synthesis Example 1
except for using 4-t-butylbenzaldehyde in place of 4-isopro-
pylbenzaldehyde, CR-13 of the following formula was
obtained. Then, in the same manner as in Synthesis Example
2 except for using CR-13 in place of CR-1, the aimed com-
pound BOCS50CR-13 in which 50 mol % of the phenolic
hydroxyl groups were substituted by t-butoxycarbonyl
groups was obtained.

(CR-11)

Acid Generator (C)

[0600] P-1: triphenylbenzenesulfonium nonafluorobutane-
sulfonate (manufactured by Midori Kagaku Co., Ltd.)

P-2: triphenylbenzenesulfonium trifluoromethanesulfonate
(manufactured by Midori Kagaku Co., Ltd.)

P-3: diphenyltrimethylphenylsulfonium p-toluenesulfonate
(manufactured by Wako Pure Chemical Industries, Ltd.)

Acid-Diffusion Controller (E)

[0601] Q-1: trioctylamine (manufactured by Tokyo Kasei
Kogyo Co., [td.)

Q-2: Lophine (manufactured by Tokyo Kasei Kogyo Co.,
Ltd.)
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Other Component (F) (Surfactant)

[0602] D-1: Megafac R-08 (manufactured by Dainippon
Ink & Chemicals, Inc.)

D-2: BYK-302 (manufactured by BYK Chemie Japan Co.,
Ltd.)

Solvent

[0603] S-1: propylene glycol monomethyl ether (manufac-
tured by Tokyo Kasei Kogyo Co., Ltd.)

TABLE 2-1

PEB Sensitivity Shape of

Examples (°C.) (uClcm?) pattern LER Outgas Solubility
1 130 150 A A B B
2 130 100 B A B B
3 115 150 A A B B
4 115 100 B A B B
5 115 150 A A B B
6 115 100 B A B B
7 110 150 A A B B
8 110 100 B A B B
9 110 150 A A B B

10 110 100 B A B B
11 130 180 A A B B
12 130 120 B A B B
13 130 200 A A B B
14 130 150 B A B B
15 110 150 A A B B
16 130 180 A A B B
17 130 180 A A B B
18 130 120 A A B B
19 115 150 A A B B
20 110 150 A A B B
TABLE 2-2
PEB Sensitivity Shape of
(°C.)  (uC/em?) pattern LER Outgas Solubility
Examples
21 130 150 A A B B
22 130 100 B A B B
23 115 150 A A B B
24 115 100 B A B B
25 115 150 A A B B
26 115 100 B A B B
27 110 150 A A B B
28 110 100 B A B B
29 110 150 A A B B
30 110 100 B A B B
31 130 180 A A B B
32 130 120 B A B B
33 130 200 A A B B
34 130 150 B A B B
35 110 150 A A B B
36 130 180 A A B B
37 130 180 A A B B
38 130 120 A A B B
39 115 150 A A B B
40 110 150 A A B B
41 130 125 A A B A
42 130 100 A A B A
43 130 125 A A B A
Comparative

Examples
1 130 200 C C A B
2 130 180 C C C B
3 130 180 C C C B
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TABLE 2-3
PEB Seunsitivity Shape of
Examples (°C.) (uClcm?) pattern LER Outgas Solubility
44 130 150 A A B B
45 130 100 B A B B
46 130 150 A A B B
47 130 100 B A B B
48 130 150 A A B B
49 130 100 B A B B
50 130 80 A A B B
51 130 60 B A B B
52 130 80 A A B B
53 130 60 B A B B
54 130 150 A A B B
55 130 100 B A B B
56 130 150 A A B B
57 130 100 B A B B

PEB: temperature of the post electron beam-exposure heating.

Synthesis Example 1A

Synthesis of Benzaldehyde Compound Having 10 to
24 Carbon Atoms and a Group Including Aliphatic or
Aromatic Ring

[0604] Into a 500-ml thermo-controllable autoclave made
of SUS316L equipped with an electromagnetic stirring
device, 74.3 g (3.71 mol) of dry HF and 50.5 g (0.744 mol) of
BF; were charged. While stirring the contents and maintain-
ing the liquid temperature at -30° C., the pressure was raised
to 2 MPa by introducing carbon monoxide. Then, a mixed raw
material of 57.0 g (0.248 mol) of 4-cyclohexylbenzene and
50.0 g of n-heptane was introduced into the autoclave while
maintaining the pressure at 2 MPa and the liquid temperature
at -=30° C. After further maintaining for 1 h, the contents were
poured into ice, diluted with benzene and neutralized. The oil
layer was analyzed by gas chromatography. The conversion
of 4-cyclohexylbenzene was 100% and the selectivity of
4-cyclohexylbenzaldehyde was 97.3%. The result of GC-MS
analysis showed that the component isolated by a single dis-
tillation had a molecular weight of 188 of the aimed 4-cyclo-
hexylbenzaldehyde (CHBAL).

[0605] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0606] 1.0-1.6 (m, 10H),2.55 (m, 1H), 7.36 (d, 2H), 7.8 (d,
2H), 10.0 (s, 1H)

CHO

(CHBAL)

Synthesis Example 2A
Synthesis of Cyclic Polyphenol Compound A

[0607] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
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device was sufficiently dried and purged with nitrogen. Into
the flask, resorcinol (22 g, 0.2 mol, manufactured by Kanto
Chemical Co., Inc.), 4-cyclohexylbenzaldehyde (46.0 g, 0.2
mol) synthesized in Synthesis Example A1 and absolute etha-
nol (200 ml) were charged under nitrogen stream to prepare
an ethanol solution. The solution was heated to 85° C. in a
mantle heater under stirring. After adding 75 ml of'a concen-
trated hydrochloric acid (35%) from the dropping funnel over
30 min, the solution was continuously stirred at 85° C. for 3 h.
After the reaction, the solution was allowed to stand to reach
room temperature and then cooled in an ice bath. After leav-
ing at rest for 1 h, pale yellow crystals were generated. The
separated crude crystals were washed twice with 500 ml of
methanol, filtered and vacuum-dried to obtain the aimed com-
pound (CR-1A) (50 g, 91% yield). The result of LC-MS
analysis showed that the compound had a molecular weight of
1121 of the aimed compound.

[0608] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0609] 0.8-1.9 (m, 56H), 5.5, 5.6 (d, 4H), 6-6.8 (m, 24H),
8.4, 8.5 (m, 8H)

(CR-1A)

Synthesis Example 3A

Synthesis of Cyclic Compound (B)
Synthesis of BOC50CR-1A

[0610] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of 11.2 g (10 mmol) of CR-1A synthesized in Syn-
thesis Example 2A, 0.1 g (1 mmol) of 4,4'-dimethylaminopy-
ridine and 500 ml of acetone in the flask, 8.7 g (40 mmol) of
di-t-butyl dicarbonate was added dropwise under nitrogen
stream. The reaction liquid was stirred at room temperature
for 1 h. After the reaction, the solvent was removed. The
obtained solid was purified by column chromatography using
a mixed solvent of hexane/ethyl acetate=1/3, to obtain 13.0 g
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of BOC50CR-1A in which 50 mol % ofthe phenolic hydroxyl
groups were substituted by t-butoxycarbonyl groups.

[0611] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0612] 0.8-1.9 (m, 92H), 5.5, 5.6 (d, 4H), 6-6.8 (m, 24H),
8.4,8.5 (m, 41-1)

Synthesis of tBuSOCR-1A

[0613] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of 11.2 g (10 mmol) of CR-1A synthesized in Syn-
thesis Example 2A, 13.8 g of potassium carbonate and 400 ml
of THF in the flask, a solution of 7.7 g (40 mmol) of t-butyl
bromoacetate in 100 ml of THF was added dropwise under
nitrogen stream. The reaction liquid was stirred at room tem-
perature for 1 h. After the reaction, the solvent was removed.
The obtained solid was purified by column chromatography
using a mixed solvent of hexane/ethyl acetate=1/3, to obtain
12.9 g of tBuSOCR-1A in which 50 mol % of the phenolic
hydroxyl groups were substituted by t-butoxycarbonylmethyl
groups.

[0614] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0615] 0.8-1.9 (m, 92H), 4.7 (s, 8H), 5.5, 5.6 (d, 4H), 6-6.8
(m, 24H), 8.4, 8.5 (m, 4H)

Synthesis of MADSOCR-1A

[0616] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of 11.2 g (10 mmol) of CR-1A synthesized in Syn-
thesis Example 2A, 13.8 g of potassium carbonate and 400 ml
of THF in the flask, a solution of 11.4 g (40 mmol) of methy-
ladamantyl bromoacetate in 100 ml of THF was added drop-
wise under nitrogen stream. The reaction liquid was stirred at
room temperature for 1 h. After the reaction, the solvent was
removed. The obtained solid was purified by column chro-
matography using a mixed solvent of hexane/ethyl acetate=1/
3,to obtain 14.0 g of MADSOCR-1A in which 50 mol % ofthe
phenolic hydroxyl groups were substituted by methylada-
mantyloxycarbonylmethyl groups.

[0617] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0618] 0.8-2.1(m,124H),4.7 (s,8H),5.5,5.6 (d, 4H), 6-6.8
(m, 24H), 8.4, 8.5 (m, 4H)

Synthesis of EESOCR-1A

[0619] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of 11.2 g (10 mmol) of CR-1A synthesized in Syn-
thesis Example 2A, 2.5 g of pyridinium p-toluenesulfonate
and 400 ml of acetone in the flask, 2.9 g (40 mmol) of ethyl
vinyl ether was added dropwise under nitrogen stream. The
reaction liquid was stirred at room temperature for 24 h. After
the reaction, the solvent was removed. The obtained solid was
purified by column chromatography using a mixed solvent of
hexane/ethyl acetate=1/3, to obtain 11.2 g of EESOCR-1A in
which 50 mol % of the phenolic hydroxyl groups were sub-
stituted by ethoxyethyl groups.
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[0620] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0621] 0.8-1.9 (m, 80H), 3.5 (m, 8H), 5.5, 5.6 (d, 8H), 6-6.8
(m, 24H), 8.4, 8.5 (m, 4H)

Synthesis of CESOCR-1A

[0622] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of 11.2 g (10 mmol) of CR-1A synthesized in Syn-
thesis Example 2A, 2.5 g of pyridinium p-toluenesulfonate
and 400 ml of 1,3-dioxolane in the flask, 5.0 g (40 mmol) of
cyclohexyl vinyl ether was added dropwise under nitrogen
stream. The reaction liquid was stirred at room temperature
for 24 h. After the reaction, the solvent was removed. The
obtained solid was purified by column chromatography using
a mixed solvent of hexane/ethyl acetate=1/3, to obtain 12.2 g
of CES0CR-1A in which 50 mol % of the phenolic hydroxyl
groups were substituted by cyclohexyloxyethyl groups.
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[0623] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:
[0624] 0.8-1.9 (m, 108H), 3.5 (m, 4H), 5.5, 5.6 (d, 8H),
6-6.8 (m, 24H), 8.4, 8.5 (m, 4H)

Examples 1A-20A
[0625] Thecomponents shown in Table 1 A were blended to
obtain a uniform solution, which was then filtered through a
Teflon membrane filter with a 0.2 um pore size to prepare each
resist composition. The same acid generator (C), acid-diffu-
sion controller (E), other additive (F), and solvent as in
Examples 1-43 were used. The evaluations were made in the
same manner except for evaluating the patterning test by the
following ratings.

(2-3) Evaluation of Line Edge Roughness (LER)

[0626] A:LER (30)=3.5 nm (good)

[0627] B: 3.5 nm<LER (30)=4.5 nm (nearly good)
[0628] C: 4.5 nm<LER (30) (poor)

[0629] In the test of solubility in safety solvents (3), all the

tested compounds dissolved in an amount of 2.5 wt % or
more.

TABLE 1A

Low molecular

Acid weight Acid-diffusion
Compound generator (C) solubilizer (D) controller (E)  Solvent Surfactant (F)
Examples (g) (= (& (® (® (®
1A BOCS50CR-1A  P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
2A BOCS50CR-1A P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
3A  tBuSOCR-1A  P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
4A  tBuS0CR-1A  P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
5A  MADS50CR-1A P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
6A  MADSOCR-1A P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
7A  EE30CR-1A P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
8A  EE5S0CR-1A P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
9A  CE50CR-1A P-1 — Q-1 S-1 —
1.0 0.3 — 0.03 30.0 —
10A  CE50CR-1A P-1 CR-1 Q-1 S-1 —
0.8 0.3 0.2 0.03 30.0 —
11A BOCS30CR-1A  P-1 — Q-1 S-1 —
1.0 0.1 — 0.01 30.0 —
12A° BOCS50CR-1A  P-1 CR-1 Q-1 S-1 —
0.8 0.1 0.2 0.01 30.0 —
13A°  BOCS30CR-1A  P-1 — Q-1 S-1 —
1.0 0.2 — 0.02 30.0 —
14A  BOCS50CR-1A  P-1 CR-1 Q-1 S-1 —
0.8 0.2 0.2 0.02 30.0 —
15A° BOCS50CR-1A  P-1/P-2 — Q-1 S-1 —
1.0 0.15/0.15 — 0.03 30.0 —
16A BOCS50CR-1A P-1 — Q-1 S-1 D-1
1.0 0.2 — 0.02 30.0 0.02
17A° BOCS50CR-1A  P-1 — Q-1 S-1 D-2
1.0 0.2 — 0.02 30.0 0.02
18A°  BOCS30CR-1A  P-1 CR-1 Q-1 S-1 D-1
0.8 0.2 0.2 0.02 30.0 0.02
19A  BOCS30CR-1A  P-2 CR-1 Q-1 S-1 —
0.8 0.2 0.2 0.02 30.0 —
20A  CE50CR-1A P-3 CR-1 Q-2 S-1 —
0.8 0.2 0.2 0.02 30.0 —
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TABLE 2A

PEB  Sensitivity ~ Shapeof  LER

(°C)  (uC/em?) pattern (30) Outgas
Examples
1A 130 15.0 A A A
2A 130 10.0 B A A
3A 115 15.0 A A A
4A 115 10.0 B A A
A 115 15.0 A A A
6A 115 10.0 B A A
TA 110 15.0 A A A
8A 110 10.0 B A A
9A 110 15.0 A A A
10A 110 10.0 B A A
11A 130 18.0 A A A
12A 130 12.0 B A A
13A 130 20.0 A A A
14A 130 15.0 B A A
15A 110 15.0 A A A
16A 130 18.0 A A A
17A 130 18.0 A A A
18A 130 12.0 A A A
19A 115 15.0 A A A
20A 110 15.0 A A A

PEB: temperature of the post electron beam-exposure heating.

Synthesis Example 1B

Synthesis of Compound for Introducing Acid-Disso-
ciating Functional Group

Synthesis of Methyladamantyl Bromoacetate

[0630] A four-neck flask (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of 2-methyl-2-adamantanol (manufactured by
Golden Elephant Chemical Co., Ltd.) (8.31 g, 50 mmol),
pyridine (5.0 g, 62.7 mmol), and 100 ml of THF in the flask,
a solution of bromoacetyl bromide (12.65 g, 62.7 mmol) in 20
ml THF was added dropwise at 0° C. under nitrogen stream.
The reaction liquid was stirred at room temperature for 72 h.
[0631] After the reaction, the undissolved matter was fil-
tered off. The sold obtained by removing the solvent from the
filtrate was purified by column chromatography using a
mixed solvent of hexane/ethyl acetate=50/1, to obtain 9.0 g
(62% yield) of methyladamantyl bromoacetate shown below.
[0632] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0633] 1.0-2.5 (m, 17H), 4.5 (m, 2H)
Synthesis of Ethyladamantyl Bromoacetate
[0634] In the same manner as in the synthesis of methy-

ladamantyl bromoacetate except for using 2-ethyl-2-adaman-
tanol (manufactured by Mitsubishi Gas Chemical Company,
Inc.) in place of 2-methyl-2-adamantanol, ethyladamantyl
bromoacetate shown below was synthesized.

[0635] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0636] 1.0-2.5 (m, 17H), 4.5 (m, 2H)
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Synthesis of Ethyladamantyl Bromopropionate

[0637] In the same manner as in the synthesis of methy-
ladamantyl bromoacetate except for using 2-ethyl-2-adaman-
tanol (manufactured by Golden Elephant Chemical Co.,[.td.)
in place of 2-methyl-2-adamantanol and using bromopropio-
nyl bromide in place of bromoacetyl bromide, ethyladaman-
tyl bromopropionate shown below was synthesized.

[0638] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0639] 1.0-2.5 (m, 19H), 4.5 (m, 2H)

BRYs

Methyladamantyl Bromoacetate Ethyladamantyl Bromoacetate

4

Ethyladamantyl Bromopropionate

[0640] As described below, an aldehyde compound (A1)
was first synthesized and then a cyclic compound was syn-
thesized.

Synthesis Example 2B
Synthesis of Aldehyde Compound (A1)
Synthesis of AD1-HBA

[0641] A four-neck flask (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of p-hydroxybenzaldehyde (12.2 g, 100 mmol),
potassium carbonate (13.8 g, 100 mmol) and 200 ml of THF
in the flask, a solution of 28.6 g (100 mmol) of methylada-
mantyl bromoacetate in 100 ml of THF was added dropwise
under nitrogen stream. The reaction liquid was stirred for 24
h under reflux.

[0642] After the reaction, the solvent was removed to
obtain a solid, which was purified by column chromatography
using a mixed solvent of hexane/ethyl acetate=1/3, to obtain
29.0 g of AD1-HBA shown below in which the phenolic
hydroxyl group is substituted by methyladamantyloxycarbo-
nylmethyl group.

[0643] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0644] 1.5-2.2 (m, 17H), 4.9 (s, 2H), 7.8-8.4 (m, 4H), 10.0
(m, 1H)
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Synthesis of AD2-HBA

[0645] In the same manner as in the synthesis of AD1-1-
1BA except for using ethyladamantyl bromoacetate in place
of methyladamantyl bromoacetate, 30.1 g of AD2-HBA
shown below in which the phenolic hydroxyl group is substi-
tuted by ethyladamantyloxycarbonylmethyl group was
obtained.

[0646] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0647] 1.5-2.2 (m, 19H), 4.9 (s, 2H), 7.8-8.4 (m, 4H), 10.0
(m, 1H)

Synthesis of AD3-HBA
[0648] Inthe same manner as in the synthesis of AD1-HBA

except for using ethyladamantyl bromopropionate in place of
methyladamantyl bromoacetate, 31.1 g of AD3-HBA shown
below in which the phenolic hydroxyl group is substituted by
ethyladamantyloxycarbonylethyl group was obtained.
[0649] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0650] 1.5-2.2 (m, 19H), 2.7 (m, 2H), 4.9 (s, 2H), 7.8-8.4
(m, 4H), 10.0 (m, 1H)

(ADI-HBA)
0
} O
0
OHC
(AD2-HBA)
0
} O
0
OHC
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-continued
(AD3-HBA)
O,
(6]
OHC 4@7 (6]
Synthesis Example 3B

Synthesis of Cyclic Compound
Synthesis of AD1-CR-1

[0651] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into
the flask, resorcinol (5.5 g, 50 mmol, manufactured by Kanto
Chemical Co., Inc.), AD1-HBA (16.4 g, 50 mol) synthesized
in Synthesis Example 2B, and ethanol (330 ml) were charged
under nitrogen stream to prepare an ethanol solution. After
adding 75 ml of a concentrated hydrochloric acid (35%) from
the dropping funnel over 60 min, the solution was continu-
ously stirred at room temperature for 6 h. After the reaction,
the reaction product solution was cooled in an ice bath, to
precipitate pale yellow crystals. The separated crude crystals
were washed with 300 ml of distilled water and then 300 m1 of
methanol twice, filtered and vacuum-dried, to obtain 20.2 g of
the aimed product (AD1-CR-1). The result of LC-MS analy-
sis showed that the compound had a molecular weight of 1681
of the aimed compound.

[0652] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0653] 1.5-2.2 (m, 68H), 4.9 (s, 8H), 5.4-5.7 (m, 4H), 6.1-
6.5 (m, 24H), 7.8-8.4 (m, 8H)

Synthesis of AD2-CR-1

[0654] Inthe same manner as in the synthesis of AD1-CR-1
except for using AD2-HBA in place of AD1-HBA, 30.0 g of
AD2-CR-1 was obtained. The result of LC-MS analysis
showed that the compound had a molecular weight of 1733 of
the aimed compound.

[0655] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0656] 1.5-2.2 (m, 25H), 4.9 (s, 2H), 7.8-8.4 (m, 4H), 10.0
(m, 1H)
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Synthesis of AD3-CR-1

[0657] Inthe same manner as in the synthesis of AD1-CR-1
except for using AD3-HBA in place of AD1-HBA, 32.0 g of
AD3-CR-1 was obtained. The result of LC-MS analysis
showed that the compound had a molecular weight of 1793 of
the aimed compound.

[0658] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0659] 1.5-2.2 (m, 25H), 2.7 (m, 8H), 4.9 (s, 2H), 7.8-8.4
(m, 4H), 10.0 (m, 1H)

(ADI-CR-1)
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-continued

(AD2-CR-1)
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T

Synthesis of Comparative Compound AD4-CR-2

[0660] After the synthesis of CR-11 in Comparative
Example 1, the four-neck flack (1000 L) equipped with a
dropping funnel, Dimroth condenser, a thermometer and a
stirring device was sufficiently dried and purged with nitro-
gen. Into a solution of'11.2 g (10 mmol) of CR-2 and 13.8 gof
potassium carbonate in 400 ml of THF in the flask, a slm of
11.4 g (40 mmol) of methyladamantyl bromoacetate in 100
ml of THF was added dropwise under nitrogen stream. The
reaction liquid was stirred at room temperature for 1 h. After
the reaction, the solvent was removed and the obtained solid
was purified by column chromatography using a mixed sol-
vent hexane/ethyl acetate=1/3, to obtain 14.0 g of AD4-CR-2
in which 50% of the phenolic hydroxyl groups are substituted
by methyladamantyloxycarbonylmethyl groups.

[0661] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0662] 1.5-2.2 (m, 102H), 4.9 (s, 12H), 5.4-5.7 (m, 4H),
6.1-6.5 (m, 24H), 7.8-8.4 (m, 6H)

(AD3-CR-1)

Synthesis Example 4B
Synthesis of Aldehyde Compound (A1D)
Synthesis of MADM-4HBA

[0663] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of p-hydroxybenzaldehyde (12.2 g, 100 mmol),
potassium carbonate (13.8 g, 100 mmol) and 200 ml of THF
in the flask, a solution of 28.6 g (100 mmol) of methylada-
mantyl bromoacetate in 100 ml of THF was added dropwise
under nitrogen stream. The reaction liquid was stirred for 24
h under reflux.

[0664] After the reaction, the solvent was removed. The
obtained solid was purified by column chromatography using
a mixed solvent of hexane/ethyl acetate=1/3, to obtain 29.0 g
of MADM-HBA in which the phenolic hydroxyl group was
substituted by methyladamantyloxycarbonylmethyl group.
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[0665] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0666] 1.5-2.2 (m, 17H), 4.9 (s, 2H), 7.8-8.4 (m, 4H), 10.0
(s, 1H)

Synthesis of tBuM-4HBA
[0667] In the same manner as in the synthesis of MADM-

4HBA except for using tert-butyl bromoacetate in place of
methyladamantyl bromoacetate, 20.0 g of tBuM-4HBA in
which the phenolic hydroxyl group was substituted by tert-
butyloxycarbonylmethyl group was obtained.

[0668] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0669] 1.4 (s,9H), 5.0 (s, 2H), 7.1-7.9 (m, 4H), 9.9 (s, 1H)
Synthesis of tBuM-3HBA
[0670] In the same manner as in the synthesis of MADM-

4HBA except for using tert-butyl bromoacetate in place of
methyladamantyl bromoacetate and using m-hydroxybenzal-
dehyde in place of p-hydroxybenzaldehyde, 20.0 g of tBuM-
3HBA in which the phenolic hydroxyl group was substituted
by tert-butyl oxycarbonylmethyl group was obtained.

[0671] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0672] 1.4(s,9H),4.9(s,2H),7.3-7.6 (m, 4H), 10.0 (s, 1H)
Synthesis of tBuM-2HBA
[0673] In the same manner as in the synthesis of MADM-

4HBA except for using tert-butyl bromoacetate in place of
methyladamantyl bromoacetate and using o-hydroxybenzal-
dehyde in place of p-hydroxybenzaldehyde, 20.0 g of tBuM-
2HBA in which the phenolic hydroxyl group was substituted
by tert-butyloxycarbonylmethyl group was obtained.

[0674] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0675] 1.4(s,9H),4.9(s,2H),7.1-7.8 (m, 4H), 10.5 (s, 1H)
Synthesis of tBuM-3Br4dHBA
[0676] In the same manner as in the synthesis of MADM-

4HBA except for using tert-butyl bromoacetate in place of
methyladamantyl bromoacetate and using 3-bromo-4-hy-
droxybenzaldehyde in place of p-hydroxybenzaldehyde, 19.5
g of tBuM-3Br4HBA in which the phenolic hydroxyl group
was substituted by tert-butyloxycarbonylmethyl group was
obtained.

[0677] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0678] 1.4 (s,9H), 5.0 (s, 2H), 7.2-8.2 (m, 3H), 9.9 (s, 1H)
Synthesis of MeM-4HBA
[0679] In the same manner as in the synthesis of MADM-

4HBA except for using methyl bromoacetate in place of
methyladamantyl bromoacetate, 15.2 g of MeM-4HBA in
which the phenolic hydroxyl group was substituted by meth-
oxycarbonylmethyl group was obtained.

[0680] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO: 3.7 (s, 3H), 5.0 (s, 2H), 7.1-7.9 (m, 4H), 9.9
(s, 1H)
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Synthesis of EtM-4HBA

[0681] Inthe same manner as in the synthesis of MADM-
4HBA except for using ethyl bromoacetate in place of methy-
ladamantyl bromoacetate, 15.8 g of EtM-4HBA in which the
phenolic hydroxyl group was substituted by ethoxycarbonyl-
methyl group was obtained.

[0682] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0683] 1.3(t, 9H),4.3 (m,2H), 4.8 (s, 2H), 7.1-7.9 (m, 4H),
9.9 (s, 1H)

Synthesis Example 5B

Synthesis of Compound (A3) Having Halomethyl
Ether Group

Synthesis of ADCME

[0684] A four-neck flask (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of 1-adamantylmethanol (3.32 g, 10 mmol) in 63 ml
chloroform in the flask, 92% paraformaldehyde (1.20 g, 20
mmol) was added under nitrogen stream. Then, the mixture
was stirred for 2.5 h under cooling on ice while blowing
hydrogen chloride gas.

[0685] Afterthe reaction, the blowing of hydrogen chloride
gas was stopped and the temperature was returned to room
temperature. After removing the insoluble layer using a sepa-
ratory funnel, the n-hexane layer was added with anhydrous
sodium sulfate, stirred at room temperature, and filtered. The
solvent was removed from the filtrate to obtain 4.1 g of the
aimed ADCME.

[0686] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0687] 1.0-1.6 (m, 15H), 3.3-3.6 (m, 2H), 5.5 (s, 2H)
Synthesis of CHCME
[0688] In the same manner as in the synthesis of ADCME

except for using cyclohexanol in place of 1-adamantylmetha-
nol, 6.0 g of the aimed CHCME was obtained.

[0689] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0690] 1.4-1.6 (m, 10H), 2.8 (m, 1H), 5.5 (s, 2H)
Synthesis Example 6B
Synthesis of Cyclic Compound (BO)
[0691] As described below, a cyclic compound (A0) was

first synthesized and then a cyclic compound (BO) was suc-
cessively synthesized.

Synthesis of CM-CR-1

[0692] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into
the flask, resorcinol (5.5 g, 50 mmol, manufactured by Kanto
Chemical Co., Inc.), MADM-4HBA (16.4 g, 50 mmol) syn-
thesized in Synthesis Example 1B and 330 ml of ethanol were
charged under nitrogen stream to prepare an ethanol solution.
After adding 75 ml of a concentrated hydrochloric acid (35%)
from the dropping funnel over 60 min, the solution was con-
tinuously stirred at 80° C. for 48 h. After the reaction, the
temperature was returned to room temperature and the reac-
tion mixture was added with an aqueous solution of sodium
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hydroxide and stirred for 24 h. The reaction mixture was
shaken with diethyl ether in a separatory funnel. After remov-
ing the water layer, the organic layer was neutralized with
hydrochloric acid. The precipitated solid was separated and
vacuum-dried to obtain 10.2 g of the aimed CM-CR-1. The
result of LC-MS analysis showed that the compound had a
molecular weight of 1088 of the aimed compound.

[0693] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0694] 4.5-4.6 (1, 8H), 5.3-5.5 (1, 4H), 6.1-6.5 (m, 24H),
8.4-8.5 (1, 8H), 12.7 (brs, 4H)

Synthesis of CM-CR-1

[0695] Inthe same manner as in the synthesis of CM-CR-1
except for using tBuM-4HBA in place of MADM-4HBA,
10.2 g of the aimed CM-CR-1 was obtained. The result of
LC-MS analysis showed that the compound had a molecular
weight of 1088 of the aimed compound.

[0696] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0697] 4.5-4.6 (1, 8H), 5.3-5.5 (1, 4H), 6.1-6.5 (m, 24H),
8.4-8.5 (1, 8H), 12.7 (brs, 4H)

Synthesis of CM-CR-2

[0698] Inthe same manner as in the synthesis of CM-CR-1
except for using tBuM-3HBA in place of MADM-4HBA,
10.0 g of the aimed CM-CR-2 was obtained. The result of
LC-MS analysis showed that the compound had a molecular
weight of 1088 of the aimed compound.
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[0699] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0700] 4.3-4.4 (d, 8H), 5.5-5.6 (s, 4H), 6.1-6.9 (m, 24H),
8.5 (brs, 8H), 12.9 (brs, 4H)

Synthesis of CM-CR-3

In the same manner as in the synthesis of CM-CR-1
except for using tBuM-2HBA in place of MADM-4HBA,
10.0 g of the aimed CM-CR-3 was obtained. The result of
LC-MS analysis showed that the compound had a molecular
weight of 1088 of the aimed compound.

[0701]

[0702] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0703] 4.1 (t, 8H), 5.8-5.9 (t, 4H), 6.0-7.0 (m, 24H), 8.0
(brs, 8H), 12.5 (brs, 4H)

0 0
H04<; 4>—OH
0 0
HO OH
HO OH
0 0
0 HO Ol o
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Synthesis of CM-CR-4

[0704] Inthe same manner as in the synthesis of CM-CR-1
except for using tBuM-3Br4HBA in place of MADM-4HBA,
11.0 g of the aimed CM-CR-4 was obtained. The result of
LC-MS analysis showed that the compound had a molecular
weight of 1400 of the aimed compound.

[0705] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0706] 4.7 (s, 8H), 5.2-5.5 (t, 4H), 6.0-6.8 (m, 20H), 8.6
(brs, 8H), 12.9 (brs, 4H)

Synthesis of CM-CR-5

[0707] Inthe same manner as in the synthesis of CM-CR-1
except for using 4-formylbenzoic acid (manufactured by Ald-
rich Chemical Co., Inc.) in place of MADM-4HBA, 5.0 g of
the aimed CM-CR-5 was obtained. The result of LC-MS
analysis showed that the compound had a molecular weight of
968 of the aimed compound.

Jul. 5,2012

[0708] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0709] 5.5-5.7 (1, 4H), 6.1-7.7 (m, 24H), 8.6-8.8 (t, 8H),
12.3 (brs, 4H)

Synthesis of ADM-CR-1

[0710] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into a
solution of CM-CR-1 (10.9 g, 10 mmol) synthesized in Syn-
thesis Example 1 and 13.8 g of potassium carbonate in 330 ml
of THF in the flask, a solution of ADCME (8.6 g, 40 mmol)
synthesized in Synthesis Example 5B in 100 ml or THF was
added under nitrogen stream to prepare a tetrahydrofuran
solution. The solution was stirred at room temperature for 6 h.
After the reaction, the reaction product liquid was condensed
and purified by column chromatography. After removing the
developing solvent, the resultant solid was separated and
vacuum-dried to obtain 15.2 g of the aimed ADM-CR-1. The
result of LC-MS analysis showed that the compound had a
molecular weight of 1801 of the aimed compound.

[0711] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0712] 1.0-1.6 (m, 60H), 3.3-3.6 (m, 8H), 4.5-4.6 (t, 8H),
5.3-5.5 (m, 12H), 6.1-6.5 (m, 24H), 8.4-8.5 (t, 8H)
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Synthesis of ADM-CR-2

[0713] In the same manner as in the synthesis of ADM-
CR-1 except for using CM-CR-2 in place of CM-CR-1,9.2 g
of the aimed ADM-CR-2 was obtained. The result of LC-MS
analysis showed that the compound had a molecular weight of
1801 of the aimed compound.

[0714] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0715] 1.0-1.6 (m, 60H), 3.3-3.6 (m, 8H), 4.3-4.4 (t, 8H),
5.3-5.6 (m, 12H), 6.1-6.9 (m, 24H), 8.4-8.5 (t, 8H)
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Synthesis of ADM-CR-3

[0716] In the same manner as in the synthesis of ADM-
CR-1 except for using CM-CR-3 in place of CM-CR-1,9.8 g
of the aimed ADM-CR-3 was obtained. The result of LC-MS
analysis showed that the compound had a molecular weight of
1801 of the aimed compound.

[0717] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0718] 1.0-1.6 (m, 60H), 3.3-3.6 (m, 8H), 4.1-4.2 (t, 8H),
5.8-5.9 (m, 12H), 6.0-7.0 (m, 24H), 8.1 (t, 8H)
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Synthesis of ADM-CR-4

[0719] In the same manner as in the synthesis of ADM-
CR-1 except for using CM-CR-4 in place of CM-CR-1, 11.2
g of the aimed ADM-CR-4 was obtained. The result of LC-
MS analysis showed that the compound had a molecular
weight of 2112 of the aimed compound.

[0720] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0721] 1.0-1.6 (m, 60H), 3.3-3.6 (m, 8H), 4.7 (t, 8H), 5.2-
5.5 (m, 12H), 6.0-6.8 (m, 20H), 8.6 (brs, 8H)

&5

OH

OH
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-continued

Synthesis of ADM-CR-5

[0722] In the same manner as in the synthesis of ADM-
CR-1 except for using CM-CR-5 in place of CM-CR-1,6.2 g
of the aimed ADM-CR-5 was obtained. The result of LC-MS
analysis showed that the compound had a molecular weight of
1680 of the aimed compound.

[0723] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0724] 1.0-1.6 (m, 60H),3.3-3.6 (m, 8H), 5.3-5.5 (m, 12H),
6.1-7.7 (m, 24H), 8.6-8.8 (t, 8H)
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-continued

Synthesis of CHM-CR-1

[0725] In the same manner as in the synthesis of ADM-
CR-1 except for using CHCME in place of ADCME, 10.1 g of
the aimed CHM-CR-1 was obtained. The result of LC-MS
analysis showed that the compound had a molecular weight of
1537 of the aimed compound.

[0726] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0727] 1.4-1.6 (m, 40H), 2.8 (m, 4H), 4.5-4.6 (t, 8H), 5.3-
5.5 (m, 12H), 6.1-6.5 (m, 24H), 8.4-8.5 (t, 8H)

87
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-continued

Synthesis of CHM-CR-4

[0728] In the same manner as in the synthesis of ADM-
CR-4 except for using CHCME in place of ADCME, 10.2 g of
the aimed CHM-CR-4 was obtained. The result of LC-MS
analysis showed that the compound had a molecular weight of
1848 of the aimed compound.

[0729] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0730] 1.4-1.6 (m, 40H), 2.8 (m, 4H), 4.7 (t, 8H), 5.2-5.5
(m, 12H), 6.0-6.8 (m, 20H), 8.6 (brs, 8H)

&8

Jul. 5,2012
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Synthesis of NOM-CR-1

[0731] In the same manner as in the synthesis of ADM-
CR-1 except for using n-octyl chloromethyl ether in place of
ADCME, 8.2 g of the aimed NOM-CR-1 was obtained. The
result of LC-MS analysis showed that the compound had a
molecular weight of 1657 of the aimed compound.

[0732] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0733] 1.0-1.5 (60m, 8H), 3.4 (m, 8H), 4.5-4.6 (t, 8H),
5.3-5.5 (m, 12H), 6.1-6.5 (m, 24H), 8.4-8.5 (t, 8H)

\H-C8H17

Synthesis of MADM-CR-1

[0734] In the same manner as in the synthesis of ADM-
CR-1 except for using 2-methyl-2-adamantyl bromoacetate
in place of ADCME, 9.8 g of the aimed MADM-CR-1 was
obtained. The result of LC-MS analysis showed that the com-
pound had a molecular weight of 1913 of the aimed com-
pound.

[0735] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0736] 1.5-2.2(m, 68H),4.5-4.6(t,8H),4.9(s,8H),5.3-5.5
(t, 4H), 6.1-6.5 (m, 24H), 8.4-8.5 (t, 8H)
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Synthesis of MADM-CR-5

[0737] In the same manner as in the synthesis of ADM-
CR-5 except for using 2-methyl-2-adamantyl bromoacetate
in place of ADCME, 10.2 g of the aimed MADM-CR-1 was
obtained. The result of LC-MS analysis showed that the com-
pound had a molecular weight of 2224 of the aimed com-
pound.

[0738] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy DMSO:

[0739] 1.5-2.2(m, 68H),4.5-4.6(t,8H),4.9(s,8H),5.3-5.5
(t, 4H), 6.1-7.7 (m, 20H), 8.4-8.5 (t, 8H)

90

Jul. 5,2012
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Examples 1B-44B and Comparative Example 1B

[0740] The components shown in Table 1B were blended to
obtain a uniform solution, which was then filtered through a
Teflon membrane filter with a 0.2 pm pore size to prepare each

radiation-sensitive composition. The same acid generator
(C), acid-diffusion controller (E), other additive (F), and sol-
vent as used in Examples 1A-20A were used, and the evalu-
ations were made in the same manner. The results are shown
in Table 2B.

TABLE 1B-1

Acid generator  Acid-diffusion
(®)] controller (E)
(@ (@

Compound (A)
®

Solvent Surfactant (F)

(& (9]

Examples
1B
2B

3B

ADI1-CR-1 P-1 Q-1 S-1 —
1.0 0.3 0.03 30.0 —
ADI1-CR-1 P-2 Q-1 S-1 —
1.0 0.3 0.03 30.0 —
ADI1-CR-1 P-2 Q-1 S-1 D-1
1.0 0.3 0.03 30.0 0.02
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TABLE 1B-1-continued
Acid generator  Acid-diffusion
Compound (A) (®)] controller (E)  Solvent Surfactant (F)
(® (® (€3] (® (®
4B AD2-CR-1 P-1 Q1 S-1 —
1.0 0.3 0.03 30.0 —
5B AD2-CR-1 P2 Q1 S-1 —
1.0 0.3 0.03 30.0 —
6B AD2-CR-1 P2 Q1 S-1 D-1
1.0 0.3 0.03 30.0 0.02
7B AD3-CR-1 P-1 Q1 S-1 —
1.0 0.3 0.03 30.0 —
8B AD3-CR-1 P2 Q1 S-1 —
1.0 0.3 0.03 30.0 —
9B AD3-CR-1 P2 Q1 S-1 D-1
1.0 0.3 0.03 30.0 0.02
10B AD1-CR-1 P2 Q1 S-1 —
1.0 0.2 0.02 30.0 —
11B AD1-CR-1 P2 Q1 S-1 D-1
1.0 0.2 0.02 30.0 0.02
12B AD1-CR-1 P2 Q1 S-1 D-2
1.0 0.2 0.02 30.0 0.02
13B AD2-CR-1 P2 Q1 S-1 —
1.0 0.2 0.02 30.0 —
14B AD2-CR-1 P2 Q1 S-1 D-1
1.0 0.2 0.02 30.0 0.02
15B AD2-CR-1 P2 Q1 S-1 D-2
1.0 0.2 0.02 30.0 0.02
16B AD3-CR-1 P2 Q1 S-1 —
1.0 0.2 0.02 30.0 —
17B AD3-CR-1 P2 Q1 S-1 D-1
1.0 0.2 0.02 30.0 0.02
18B AD3-CR-1 P2 Q1 S-1 D-2
1.0 0.2 0.02 30.0 0.02
Comparative Example
1B AD4-CR-2 P2 Q1 S-1 —
1.0 0.3 0.03 30.0 —
TABLE 1B-2 TABLE 1B-2-continued
Acid Surfac- Acid Surfac-
Compound  generator  Acid-diffusion tant Compound  generator  Acid-diffusion tant
(A) ©) controller (E)  Solvent (F) (A) (C) controller (E)  Solvent (F)
(® (® (® (® (® (® (® (€3] (® (®
Examples 31B ADM-CR-4 p-2 Q-1 S-1 D-1
1.0 0.3 0.03 30.0 0.02
198 ADM-CR-1 p-1 Q-1 S-1 - 32B ADM-CR-4 P-2 Q-1 S-1 —
1.0 0.3 0.03 00— 1.0 0.2 0.02 300 —
20B ADM-CR-1 P-2 Q-1 S-1 —
1.0 0.3 0.03 30.0 —
21B ADM-CR-1 P-2 Q-1 S-1 D-1
1.0 0.3 0.03 30.0 0.02
2B ADM-CR1 P2 Q-1 S-1 — TABLE 1B-3
1.0 0.2 0.02 30.0 —
23B ADM-CR-1 P-2 Q-1 S-1 D-1 Acid Acid- Surfac-
1.0 0.2 0.02 30.0 0.02 Compound generator diffusion tant
24B ADM-CR-1 p-2 Q-1 S-1 D-2 A) (©)  controller (E) Solvent  (F)
1.0 0.2 0.02 30.0 0.02 (€3] (® (® (® (®
25B ADM-CR-2 P-1 Q-1 S-1 —
1.0 0.3 0.03 30.0 — _Examples
268 ADM-CR-2 p-2 Q1 S-1 - 33B ADM-CR-4 P-2 Q-1 S-1 D-1
1.0 0.3 0.03 300 - 1.0 0.2 0.02 30.0 0.02
278 ADMCR-3 - Pl Q1 5-1 - 34B ADM-CR-4 P-2 Q-1 s-1 D2
L0 0.3 0.03 30.0 - 1.0 0.2 002 300 002
28B ADM-CR-3 P-2 Q-1 S-1 — 358 ADM-CR-5 P1 Q-1 91 o
1.0 0.3 0.03 30.0 — 1.0 0.3 0.03 30.0 _
29B ADM-CR-4 P-1 Q-1 S-1 — 36B ADM-CR-5 P-2 Q-1 S-1 _
1.0 0.3 0.03 30.0 — 1.0 0.3 0.03 30.0 _
30B ADM-CR-4 P-2 Q-1 S-1 — 37B CHM-CR-1 P-1 Q-1 S-1 —

1.0 0.3 0.03 30.0 — 1.0 0.3 0.03 30.0 —
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TABLE 1B-3-continued TABLE 2B-2-continued
Acid Acid- Surfac- PEB Sensitivity Shape of
Compound generator diffusion tant (°C) (uC/em?) pattern LER
(A) ©) controller (E) Solvent (F)
(© (® (® (© (® 21B 100 73 A A
22B 100 7.5 A A
38B CHM-CR-1 P-2 Q-1 S-1 — 23B 100 7 A A
1.0 0.3 0.03 30.0 — 24B 100 7 A A
39B CHM-CR-4 P-1 Q-1 S-1 — 25B 100 7.5 A A
1.0 0.3 0.03 30.0 — 26B 100 10 A A
40B CHM-CR-4 P-2 Q-1 S-1 — 27B 100 7.5 A A
1.0 0.3 0.03 30.0 — 28B 100 10 A A
41B NOM-CR-1 P-1 Q-1 S-1 — 29B 100 6.5 A A
1.0 0.3 0.03 30.0 — 30B 100 9 A A
428 NOM-CR-1 P-2 Q-1 S-1 —
1.0 0.3 0.03 30.0 —
43B MDAM-CR-1 P-1 Q-1 S-1 —
1.0 0.3 0.03 30.0 — TABLE 2B-3
44B MDAM-CR-1 P-2 Q-1 S-1 —
L0 0.3 0.03 30.0 - PEB Sensitivity Shape of
(°C) (uC/em?) pattern LER
Examples
TABLE 2B-1
31B 100 6.5 A A
PEB Sensitivity ~ Shape of 32B 100 6.5 A A
(°C) (uC/em?) pattern LER 33B 100 6 A A
34B 100 6 A A
Examples 35B 100 7.5 A A
36B 100 10 A A
1B 110 7.5 A A 37B 100 7.5 A A
2B 110 10.0 A A 38B 100 10 A A
3B 110 7.5 A A 39B 100 6.5 A A
4B 100 7.0 A A 40B 100 9 A A
5B 100 9.0 A A 41B 100 7.5 B A
6B 100 7.0 A A 42B 100 10 B A
7B 90 7.0 A A 43B 110 7.5 A A
8B 90 10.0 A A 44B 110 10 A A
9B 90 7.0 A A
10B 110 7.5 A A PEB: temperature of the post electron beam-exposure heating,
11B 110 7.0 A A
12B 110 7.0 A A
13B 100 6.5 A A Synthesis Example 1D
14B 100 6.0 A A
15B 100 6.0 A A . .
168 %0 75 A A Synthesis of Cyclic Compound (A)
17B 90 7.0 A A . .
18B 90 7.0 A A [0741] Inthe same mannerasin Examples 1-57, eachcyclic
Comparative Example compound (A), i.e., CR-1to CR-10, CR-11, and CR-12 were
1B 110 150 ¢ ¢ synthesized.
Examples 1D-43D and Comparative Examples 1D
and 2D
TABLE 2B-2
PEB Sensitivity Shape of [074.2] The compone.nts shown in Table 1D were blended to
CC) (uC/em?) pattern LER obtain a uniform solution, which was then filtered through a
Teflon membrane filter with a 0.2 um pore size to prepare each
Examples . . . .
_— resist composition. The same comparative compound, acid
19B 100 75 A A generator (C), acid-diffusion controller (E), and solvent as
20B 100 10 A A used in Examples 1-57 were used, and the evaluations were
made in the same manner. The results are shown in Table 2D.
TABLE 1D-1
Acid Cross-linking  Acid-diffusion
Compound (A) generator (C) agent (G) controller (E)  Solvent Surfactant (F)
(® (= (& (® (® (®
_ Bxamples
1D CR-1 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
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TABLE 1D-1-continued

Jul. 5,2012

Acid Cross-linking  Acid-diffusion
Compound (A) generator (C) agent (G) controller (E)  Solvent Surfactant (F)
® (8 (® ® (8 (®
2D CR-1 P-2 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
3D CR-1 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
4D CR-1 P-1 C-1 Q-1 S-1 —
1.0 0.1 0.1 0.01 30.0 —
5D CR-1 P-1 C-1 Q-1 S-1 D-1
1.0 0.3 0.3 0.03 30.0 0.02
7D CR-1 P-1/P-2 C-1 Q-1 S-1 D-2
1.0 0.15/0.15 0.3 0.03 30.0 0.02
8D CR-1 P-1 C-2 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
9D CR-1 P-1 C-3 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
10D CR-1 P-1 C-4 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
11D CR-2 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
12D CR-2 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
13D CR-2 P-1/P-2 C-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 30.0 0.02
14D CR-3 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
15D CR-3 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
16D CR-3 P-1/P-2 C-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 30.0 0.02
17D CR-4 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
18D CR-4 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
19D CR-4 P-1/P-2 C-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 30.0 0.02
20D CR-5 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
21D CR-5 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
22D CR-5 P-1/P-2 C-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 30.0 0.02
Comparative
Examples
1D CR-11 P-1 C-1 Q-1 S-1 —
1.0 0.2 0.2 0.02 30.0 —
2D CR-12 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
TABLE 1D-2
Acid Cross-linking  Acid-diffusion
Compound (A) generator (C) agent (G) controller (E)  Solvent Surfactant (F)
Examples (g) (8 (® ® (8 ®
23D CR-6 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
24D CR-6 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
25D CR-6 P-1/P-2 C-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 30.0 0.02
26D CR-7 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
27D CR-7 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
28D  CR-7 P-1/P-2 C-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 30.0 0.02
29D  CR-8 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
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TABLE 1D-2-continued
Acid Cross-linking  Acid-diffusion
Compound (A) generator (C) agent (G) controller (E)  Solvent Surfactant (F)
Examples (g) (8 (® ® (8 ®
30D CR-8 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
31D CR-8 P-1/p-2 C-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 30.0 0.02
32D CR-9 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
33D CR-9 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
TABLE 1D-3
Acid Cross-linking  Acid-diffusion
Compound (A) generator (C) agent (G) controller (E)  Solvent Surfactant (F)
Examples (g) (8 (® ® (8 ®
34D CR-9 P-1/p-2 C-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 30.0 0.02
35D  CR-10 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
36D  CR-10 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
37D CR-10 P-1/p-2 C-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 30.0 0.02
38D CP-1 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
39D  CP-1 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
40D  CP-1 P-1/p-2 C-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 30.0 0.02
41D  CP-2 P-1 C-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 30.0 —
42D  CP-2 P-3 C-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 30.0 —
43D  CP-2 P-1/p-2 C-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 30.0 0.02
(C) Acid crosslinking agent
C-1: Nikalac MW-100LM (manufactured by Sanwa Chemical Co., Ltd.)
C-2: Nikalac MX-270 (manufactured by Sanwa Chemical Co., Ltd.)
C-3: Nikalac MX-290 (manufactured by Sanwa Chemical Co., Ltd.)
C-4: 2,6-bis(hydroxymethyl)-p-cresol (manufactured by Tokyo Kasei Kogyo Co., Ltd.)
TABLE 2D-1 TABLE 2D-1-continued
PEB Sensitivity Shape of PEB Sensitivity Shape of
(°C.) (uC/em?®) pattern LER Solubility (°C.) (uC/em?®) pattern LER Solubility
Examples 19D 110 15.0 A B A
20D 110 25.0 A A A
1D 110 30.0 A B B 21D 110 25.0 A A A
2D 110 30.0 B B B 22D 110 20.0 A A A
3D 110 15.0 A B B Comparative Examples
4D 110 30.0 A B B
5D 110 25.0 A B B 1D 110 60.0 C C B
6D 110 25.0 A B B 2D 110 60.0 C C B
7D 110 25.0 A B B
8D 110 30.0 A B B
9D 110 30.0 A B B
10D 110 30.0 A B B
11D 110 25.0 A B B TABLE 2D-2
gg ﬂg ;38 []z g g PEB Sensitivity ~ Shape of
: °C) (uClem?) pattern LER Solubility
14D 110 27.5 A B A
15D 110 27.5 B B A Examples
16D 110 22.5 A B A -
17D 110 20.0 A B A 23D 110 25.0 A B B
18D 110 20.0 A B A 24D 110 25.0 B B B
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TABLE 2D-2-continued TABLE 2D-2-continued

PEB Sensitivity ~ Shape of

PEB Sensitivity  Shape of °C) (uClem?) pattern LER Solubility

(°C) (uClem?) pattern LER Solubility

42D 110 35.0 B B B
25D 110 20.0 A B B 43D 110 30.0 A B B
26D 110 25.0 A B B PEB: temperature of the post electron beam-exposure heating,
27D 110 25.0 B B B
28D 110 200 A B B Examples 1E-10E and Comparative Examples 1E-2E
29D 110 250 A B B [0743] Inthe same manner as in Examples 1A-20A, a ben-
30D 110 25.0 B B B zaldehyde compound having 10 to 24 carbon atoms and a
31D 110 20.0 A B B group including an aliphatic or aromatic ring and a cyclic
19D 110 15.0 A B B compound (A) were synthesized.
33D 110 15.0 B B B [0744] The components shown in Table 1E were blended to
34D 110 125 N B B obtain a uniform solution, which was then filtered through a
Teflon membrane filter with a 0.2 um pore size to prepare each
35D 110 15.0 A B B resist composition. The same comparative compound, acid
36D 110 15.0 B B B generator (C), acid-diffusion controller (E), and solvent as
37D 110 12.5 A B B used in Examples 1D-43D were used, and the evaluations
18D 110 35.0 A B B were made in the same manner except for evaluating the
39D 110 350 B B B patterning test by the following ratings.
40D 110 30.0 A B B (2-3) Evaluation of Line Edge Roughness (LER)
41D 110 35.0 A B B [0745] A:LER (30)=3.5 nm (good)
[0746] C: 3.5 nm<LER (30) (poor)
TABLE 1E
Acid Cross-linking  Acid-diffusion
Compound  generator (C) agent (G) controller (E)  Solvent Surfactant (F)
(® ® (8 (® (® (®
Examples
1E CR-1 P-1 c-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 300 —
2E CR-1 P-2 c-1 Q-1 S-1 —
1.0 0.3 0.3 0.03 300 —
3E CR-1 P-3 c-1 Q-2 S-1 —
1.0 0.3 0.3 0.03 300 —
4E CR-1 P-1 c-1 Q-1 S-1 —
1.0 0.1 0.1 0.01 300 —
SE CR-1 P-1 c-1 Q-1 S-1 D-1
1.0 0.3 0.3 0.03 300 002
6E CR-1 P-1/P-2 c-1 Q-1 S-1 D-1
1.0 0.15/0.15 0.3 0.03 300 002
7E CR-1 P-1/P-2 c-1 Q-1 S-1 D-2
1.0 0.15/0.15 0.3 0.03 300 002
8E CR-1 P-1 c-2 Q-1 S-1 —
1.0 0.3 0.3 0.03 300 —
9E CR-1 P-1 C-3 Q-1 S-1 —
1.0 0.3 0.3 0.03 300 —
10E CR-1 P-1 Cc-4 Q-1 S-1 —
1.0 0.3 0.3 0.03 300 —
Comparative
Examples
1E CR-2 P-1 c-1 Q-1 S-1 —
1.0 0.2 0.2 0.02 300 —
2E CR-3 P-1 c-1 Q-1 S-1 —

1.0 0.3 0.3 0.03 30.0 —
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TABLE 2E
PEB Sensitivity ~ Shape of
(°C) (uC/em?)  pattern LER (30)
Examples
1E 110 30.0 A A
2E 110 30.0 B A
3E 110 15.0 A A
4E 110 30.0 A A
5E 110 25.0 A A
6E 110 25.0 A A
7E 110 25.0 A A
8E 110 30.0 A A
9E 110 30.0 A A
10E 110 30.0 A A
Comparative
Examples
1E 110 60.0 C C
2E 110 60.0 C C

PEB: temperature of the post electron beam-exposure heating.

Synthesis Example 1F
Synthesis of Aldehyde Compounds

(1) Synthesis of 4-(4-n-propylcyclohexyl)benzalde-
hyde

[0747] Into a 500-ml thermo-controllable autoclave made
of SUS316L equipped with an electromagnetic stirring
device, 74.3 g (3.71 mol) of dry HF and 50.5 g (0.744 mol) of
BF; were charged. While stirring the contents and maintain-
ing the liquid temperature at -30° C., the pressure was raised
to 2 MPa by introducing carbon monoxide. Then, a mixed raw
material of 50.0 g (0.248 mol) of (trans-4-n-propylcyclo-
hexyl)benzene (purity: 98% or more, manufactured by Kanto
Chemical Co., Inc.) and 50.0 g of n-heptane was introduced
into the autoclave while maintaining the pressure at 2 MPa
and the liquid temperature at =30° C. After further maintain-
ing for 1 h, the contents were poured into ice, diluted with
benzene and neutralized. The oil layer was analyzed by gas
chromatography. The conversion of (trans-4-n-propylcyclo-
hexyl)benzene was 100% and the selectivity of 4-(trans-4-n-
propylcyclohexyl)benzaldehyde was 95.2%. The result of
GC-MS analysis showed that the component isolated by a
single distillation had a molecular weight of 230 of the aimed
4-(trans-4-n-propylcyclohexyl)benzaldehyde.

[0748] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0749] 0.9 (t, 3H), 1.0-1.6 (m, 9H), 1.9 (m, 4H), 2.55 (m,
1H), 7.36 (d, 2H), 7.8 (d, 2H), 10 (s, 1H)

[0750] The purity of 4-(4-n-propylcyclohexyl)benzalde-
hyde was 98.3% and the trans-isomer purity was 99.0%.

(2) Synthesis of
4-(trans-4-n-pentylcyclohexyl)benzaldehyde

[0751] Inthe same manner as in the synthesis (1) except for
using a mixed raw material of 57.0 g (0.248 mol) of (trans-
4-n-pentylcyclohexyl)benzene and 57.0 g of n-heptane, the
formylation reaction was conducted and the obtained reaction
product liquid was treated in the same manner. The obtained
oil layer was analyzed by gas chromatography. The conver-
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sion of (trans-4-n-pentylcyclohexyl)benzene was 0.100%
and the selectivity of 4-(trans-4-n-pentylcyclohexyl)benzal-
dehyde was 96.2%.

(3) Synthesis of 4-cyclohexylbenzaldehyde

[0752] Inthe same manner as in the synthesis (1) except for
using a mixed raw material of 57.0 g (0.248 mol) of 4-cyclo-
hexylbenzene and 57.0 g of n-heptane, the formylation reac-
tion was conducted and the obtained reaction product liquid
was treated in the same manner. The obtained oil layer was
analyzed by gas chromatography. The conversion of 4-cyclo-
hexylbenzene was 100% and the selectivity of 4-cyclohexy-
Ibenzaldehyde was 97.3%.

Preparation of Composition for Under Coat Film
Synthesis Example 2F
Synthesis of Cyclic Compound (CR)
(1) Synthesis of CR-1F

[0753] A four-neck flack (1000 L) equipped with a drop-
ping funnel, Dimroth condenser, a thermometer and a stirring
device was sufficiently dried and purged with nitrogen. Into
the flask, resorcinol (22 g, 0.2 mol, manufactured by Kanto
Chemical Co., Inc.), 4-(4-n-propylcyclohexyl)benzaldehyde
(46.0 g, 0.2 mol) synthesized in Synthesis Example 1F and
absolute ethanol (200 ml) were charged under nitrogen
stream to prepare an ethanol solution. The solution was
heated to 85° C. in a mantle heater under stirring. After adding
75 ml of a concentrated hydrochloric acid (35%) from the
dropping funnel over 30 min, the solution was continuously
stirred at 85° C. for 3 h. After the reaction, the solution was
allowed to stand to reach room temperature and then cooled in
an ice bath. After leaving at rest for 1 h, pale yellow crystals
were generated. The separated crude crystals were washed
twice with 500 ml of methanol, filtered and vacuum-dried to
obtain CR-1F having a structure of the formula (4) wherein
R* are all n-propyl groups (58 g, 91% yield). The result of
LC-MS analysis showed that the compound had a molecular
weight of 1289 of the aimed compound.

[0754] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0755] 0.9-1.9 (m, 68H), 5.5, 5.6 (d, 4H), 6-6.8 (m, 24H),
8.4,8.5 (m, 81-1)

[0756] The thermogravimetric loss of CR-1F was 1% or
less when heated to 200° C., showing that CR-1F was less
sublimable.

(2) Synthesis of CR-2F

[0757] In the same manner as in the synthesis of CR-1F
except for using 4-(trans-4-n-pentylcyclohexyl)benzalde-
hyde synthesized in Synthesis Example 2F in place of 4-(4-
n-propylcyclohexyl)benzaldehyde, CR-2F represented by
the formula (4) wherein R* are all n-pentyl groups was
obtained (63.0 g, 90% yield). The result of LC-MS analysis
showed that the compound had a molecular weight of 1401 of
the aimed compound.

[0758] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0759] 0.8-1.9 (m, 84H), 5.5, 5.6 (d, 4H), 6-6.8 (m, 24H),
8.4,8.5 (m, 8H)
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[0760] The thermogravimetric loss of CR-2F was 1% or
less when heated to 200° C., showing that CR-2F was less
sublimable.

(3) Synthesis of CR-3F

[0761] In the same manner as in the synthesis of CR-1F
except for using 4-cyclohexylbenzaldehyde synthesized in
Synthesis Example 2F in place of 4-(4-n-propylcyclohexyl)
benzaldehyde, CR-3F represented by the formula (3) wherein
R? are all hydrogen atoms was obtained (87% yield). The
structure of the compound was identified by NMR measure-
ment, IR measurement, elemental analysis, etc. The result of
LC-MS analysis showed that the compound had a molecular
weight of 1117 of the aimed compound.

[0762] 'H-NMR Chemical Shifts (8 ppm, TMS reference)
in heavy chloroform:

[0763] 0.8-1.9 (m, 56H), 5.5, 5.6 (d, 4H), 6-6.8 (m, 24H),
8.4,8.5 (m, 81-1)

[0764] The thermogravimetric loss of CR-3F was 1% or
less when heated to 200° C., showing that CR-3F was less
sublimable.

(4) Synthesis of CR-4F

[0765] In the same manner as in the synthesis of CR-1F
except for using cuminaldehyde (manufactured by Mitsub-
ishi Gas Chemical Company, Inc.) in place of 4-(4-n-propy-
Icyclohexyl)benzaldehyde, CR-4F represented by the for-
mula (2) wherein R? are all isopropyl groups was obtained
(47% yield). The structure of the compound was identified by
NMR measurement, IR measurement, elemental analysis,
etc.

[0766] The thermogravimetric loss of CR-4F was 1% or
less when heated to 200° C., showing that CR-4F was less
sublimable.

(5) Synthesis of CR-5F

[0767] In the same manner as in the synthesis of CR-1F
except for using n-propylbenzaldehyde (manufactured by
Mitsubishi Gas Chemical Company, Inc.) in place of 4-(4-n-
propylcyclohexyl)benzaldehyde, CR-5F represented by the
formula (2) wherein R are all n-propyl groups was obtained
(63.0 g, 90% yield). The structure of the compound was
identified by NMR measurement, IR measurement, elemen-
tal analysis, etc.

[0768] The thermogravimetric loss of CR-5F was 1% or
less when heated to 200° C., showing that CR-5F was less
sublimable.

(6) Synthesis of CR-6F

[0769] In the same manner as in the synthesis of CR-1F
except for using t-butylbenzaldehyde (manufactured by Ald-
rich Chemical Co., Inc.) in place of 4-(4-n-propylcyclohexyl)
benzaldehyde, CR-6F represented by the formula (2) wherein
R? are all t-butyl groups was obtained (30% yield). The struc-
ture of the compound was identified by NMR measurement,
IR measurement, elemental analysis, etc.
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[0770] The thermogravimetric loss of CR-6F was 1% or
less when heated to 200° C., showing that CR-6F was less
sublimable.

(7) Synthesis of CR-7F

[0771] In the same manner as in the synthesis of CR-1F
except forusing 1-decanal (manufactured by Kanto Chemical
Co., Inc.) in place of 4-(4-n-propylcyclohexyl)benzaldehyde,
CR-7F represented by the formula (1) wherein R' are all
n-nonyl groups was obtained (67% yield). The structure of the
compound was identified by NMR measurement, IR mea-
surement, elemental analysis, etc.

[0772] The thermogravimetric loss of CR-7F was 1% or
less when heated to 200° C., showing that CR-7F was less
sublimable.

(8) Synthesis of CR-8F

[0773] Using CR-1F, a novolak resin CR-8F having
CR-1F-methylene repeating units was produced by a known
method. The results of GPC measurement showed that Mw
was 9100 and Mw/Mn was 5.8.

[0774] The thermogravimetric loss of CR-8F was 1% or
less when heated to 200° C., showing that CR-8F was less
sublimable.

(9) Synthesis of Comparative Compound 1

[0775] In the same manner as in the synthesis of CR-1F
except for using 1,3,5-benzenetrialdehyde in place of 4-(4-n-
propylcyclohexyl)benzaldehyde, using 2,3,6-trimethylphe-
nol in place of resorcinol, and using 1 ml of concentrated
sulfuric acid in place of concentrated hydrochloric acid in
toluene, the following compound was obtained (85% yield).
The structure of the compound was identified by NMR mea-
surement, IR measurement, elemental analysis, etc.

OH OH

HO OH

HO I I OH

(10) Synthesis of Comparative Compound 2

[0776] Inthe same manner as in the synthesis of the com-
parative compound 1 except for using 2-adamantanone in
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place of 1,3,5-benzenetrialdehyde, the following compound
was obtained (81% yield). The structure of the compound was
identified by NMR measurement, IR measurement, elemen-
tal analysis, etc.

OH
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Production Example 1F
Production of Under Coat Film

[0777] Each of CR-1F to CR-8F, the comparative com-
pounds 1 and 2, polyhydroxystyrene (referred to as “PHS,”
Mw: 8000, manufactured by Aldrich Chemical Co., Inc.) and
m-cresol novolak resin (referred to as “novolak,” Mw: 8800)
was dissolved in PGME (propylene glycol monomethyl
ether) to prepare a 5% by mass solution, which was then
filtered through a 0.1-um filter made of a fluorine resin to
prepare each solution for forming under coat film.

[0778] The solution for forming under coat film was spin-
coated onto a silicon substrate and baked at 110° C. for 90 s to
form an under coat film with a thickness of 200 nm (under
coat films 1-9 and comparative under coat films 1-4). Each
under coat film was subjected to ellipsometry at a wavelength
of 193 nm using a variable angle spectroscopic ellipsometer
“VASE” manufactured by J. A. Woollam Co., Inc. The mea-
sured absorption was fitted by a Gaussian oscillator approxi-
mation utilizing a General Oscillator Model to determine the
refractive index n and extinction coefficient k of the under
coat films 1-9 and the comparative under coat films 1-4. The
results are shown in Table 1F.

TABLE 1F
Polyphenol  Crosslinking
compound agent Acid generator Solvent
(parts by (parts by (parts by (parts by
mass) mass) mass) mass) n k
Under Coat Films

1 CR-1F — — PGME 1.51 0.25
® ©5)

2 CR-2F — — PGME 173 0.68
® ©5)

3 CR-3F — — PGME 1.45 031
® ©5)

4 CR-4F — — PGME 1.34 048
® ©5)

5 CR-5F — — PGME 132 0.63
® ©5)

6 CR-6F — — PGME 130 0.32
® ©5)

7 CR-7F — — PGME 134 0.27
® ©5)

8 CR-8F — — PGME 1.50  0.23
® ©5)

9 CR-3F Nikalac TPS109 PGME 1.53  0.26
3) 0.3) 0.1) (95)

Comparative
Under Coat Films

1 101 — — PGME 1.15 0.56
® ©5)

2 102 — — PGME 1.25 051
® ©5)

3 PHS — — PGME 1.59  1.03
® ©5)

4 Novolak — — PGME 1.19  0.80

® (95)

Acid generator: triphenylsulfonium nonafluoromethanesulfonate (TPS109)

Crosslinking agent: Nikalac MX270 manufactured by Sanwa Chemical Co., Ltd.
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[0779] Next, the solution for forming under coat film was
coated onto a SiO, substrate with a thickness of 300 nm and
baked at 250° C. for 60 s to form an under coat film with a
thickness of 200 nm. Then, a resist solution for ArF was
coated on the under coat film and baked at 130° C. for 60 s to
form a photoresist film. The resist solution for ArF was pre-
pared by blending 5 parts of the compound of the following
formula (110), 1 part of TPS109, 2 parts of tributylamine, and
92 parts of PGMEA.

[0780] The photoresist film was irradiated with electron
beams at 50 keV using an electron beam lithography system
(ELS-7500 manufactured by Elionix Co., Ltd.), baked at 115°
C. for 90 s (PEB), and developed by a 2.38% by weight
aqueous solution of tetramethylammonium hydroxide
(TMAH) for 60 s, to obtain a positive-type pattern. The
obtained 60 nm L/S (1:1) pattern was observed for its shape.
The results are shown in Table 2F.

TABLE 2F
Under coat film Resolution Sensitivity
Invention 1 60nmL & S 12 pC/em?
Invention 2 60nmL & S 12 pCl/em?
Invention 3 60nmL & S 12 pC/em?
Invention 8 60nmL & S 12 pC/em?
Invention 9 60nmL & S 12 pClem?
Comparison omitted 80nmL & S 26 uC/em?
110)
OH

ArF resist solution
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[0781] Next, the resist pattern obtained by the above expo-
sure to electron beams and development was transferred to
the under coat film by etching under the following conditions.

Etching apparatus: manufactured by Elionix Co., Ltd.

Voltage: 400V

[0782] Current density: 0.9 mA/cm?

Time: 2 min

[0783] Ar gas flow:CF, gas flow:0, gas flow=10:1:1 (by
volume)
[0784] The cross section of the pattern was observed by an

electron microscope “S-4800” manufactured by Hitachi, Ltd.
for its shape.

[0785] Themulti-layer resist was good in the shape of resist
after development and the shape of under coat film was also
good after oxygen etching and after processing the substrate
by etching. Also, the shape of the resist was good in the shape
after development and after processing the substrate by etch-
ing even when the resist was singly used as a hard mask.

INDUSTRIAL APPLICABILITY

[0786] The resist compound having a specific chemical
structure and the radiation-sensitive composition containing
such a resist compound of the present invention are useful as
the acid-amplified, non-polymeric resist material. The radia-
tion-sensitive composition is suitably used to form an under
coat film and a resist pattern.

What is claimed is:

1. A cyclic compound which is selected from the group
consisting of the compounds represented by the following
formula (2-1), formula (2-2), formula (33-1), formula (33-2),
formula (33-0-1), and formula (33-0-2):

@1
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101

-continued
(2-2)
(33-1)
X m m
(X2) K, (X2)
R3AOOCL111(O)\/¢ \\\\/(O)IILICOORM
(e
_—éXz)%
\ [
R3AOOCL111(O)/\L I(O)IILICOOR3A
(XZ)m3
0.6y 0.6y
(33-2)
X2 OH X
R3*400CL,1;(0) \F \ N oyL,co0R

J N
J\(O)I L COOR3

A=

Xom OH X2
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-continued
(33-0-1)
Xz XZ
R3AOOCL111(O)\/¢\’ OH / |\\\/(O)IIL1COOR3A
\
\ / e
OH
OH
R3*400CL,1,(0) \\/ / HO ,\a\(O)IlLICOORM
X X
X (33-0-2)
2

R3*400CL,1,(0)
X

wherein in the formulae (2-1) and (2-2) the group R™ is
independently a hydrogen atom, a linear alkyl group
having 1 to 12 carbon atoms, a halogen atom, a cyano
group, a hydroxyl group, an alkoxyl group, or an ester
group; in the formulae (33-1) and (33-2) the group R*is
a substituted methyl group having 2 to 20 carbon atoms,
a 1-substituted ethyl group having 3 to 20 carbon atoms,
a 1-substituted n-propyl group having 4 to 20 carbon
atoms, a 1-branched alkyl group having 3 to 20 carbon
atoms, a silyl group having 1 to 20 carbon atoms, an acyl
group having 2 to 20 carbon atoms, a 1-substituted
alkoxyalkyl group having 2 to 20 carbon atoms, a cyclic
ether group having 2 to 20 carbon atoms, an alkoxycar-
bonyl group having 2 to 20 carbon atoms, and an alkoxy-
carbonylalkyl group having 2 to 20 carbon atoms,

X? is a hydrogen atom or a halogen atom,

L, is a single bond or a divalent organic group selected
from a linear or branched alkylene group having 1 to 4
carbon atoms,

I,is0or1;

in the formulae (33-0-1) and (33-0-2) the group R>* is the
same as defined above, X? is the same as defined above,

L, is the same as defined above,

1, is the same as defined above,

m is an integer of 1 to 4,

m, is an integer of 1 or 2,

andm, is 1.

OH / |\\\/(O)IIL1COOR3A
\

,\d\ (O)[;L{COOR?

2. A radiation-sensitive composition comprising the cyclic
compound according to claim 1 and a solvent.

3. The radiation-sensitive composition according to claim
2, wherein the cyclic compound is a cyclic compound (A)
having a molecular weight of 700 to 5000 which is synthe-
sized by a condensation reaction of an aldehyde compound
(A1) having 2 to 59 carbon atoms and 1 to 4 formyl groups
with a phenol compound (A2) having 6 to 15 carbon atoms
and 1 to 3 phenolic hydroxyl groups.

4. The radiation-sensitive composition according to claim
3, comprising 1 to 80% by weight of a solid component and 20
to 99% by weight of the solvent, wherein the aldehyde com-
pound (A1) comprises an cyclic compound (A) which is a
benzaldehyde compound having 7 to 24 carbon atoms and
having neither hydroxyl group nor t-butyl group, and wherein
the cyclic compound (A) is contained in an amount of 50% by
weight or more of a total weight of a solid component.

5. The radiation-sensitive composition according to claim
3, comprising 1 to 80% by weight of a solid component and 20
to 99% by weight of the solvent, wherein the aldehyde com-
pound (Al) is a benzaldehyde compound having 7 to 24
carbon atoms and having neither hydroxyl group nor t-butyl
group, wherein the radiation-sensitive composition contains
the cyclic compound (B) having a structure obtained by intro-
ducing an acid-dissociating functional group into at least one
phenolic hydroxyl group of the cyclic compound (A), and
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wherein the cyclic compound (B) is contained in an amount of
50 t0 99.999% by weight a total weight of the solid compo-
nent.

6. The radiation-sensitive composition according to claim
3, wherein the aldehyde compound (A1) having 2 to 59 car-
bon atoms and 1 to 4 formy] groups is an aldehyde compound
(Alc) having an acid-dissociating functional group, and the
radiation-sensitive composition contains a cyclic compound
(BO) having a molecular weight of 700 to 5000 which is
synthesized by a condensation reaction of the aldehyde com-
pound (Alc) with the phenol compound (A2) having 6 to 15
carbon atoms and 1 to 3 phenolic hydroxyl groups.

7. A composition for under coat film comprising the radi-
tation-sensitive composition as according to claim 2.

8. An under coat film which is formed from the composi-
tion for under coat film according to claim 7.

9. A method of forming a resist pattern comprising forming
a resist film on a substrate with the radiation-sensitive com-
position according to claim 2, and developing the resist film to
form a resist pattern.

10. A radiation-sensitive composition comprising a cyclic
compound represented by the following formula (1), a sol-
vent and an acid crosslinking agent (G):

M

|
( RlLi

wherein [ is independently a divalent organic group
selected from the group consisting of a single bond, a
linear or branched alkylene group having 1 to 20 carbon
atoms, a cycloalkylene group having 3 to 20 carbon
atoms, an arylene group having 6 to 24 carbon atoms,
—0—, —0C(=0)—, —OC(=0)0—, —N(R*—C
(=0)—, —N R°)—C(=0)0—, —S—, —SO—,
—S0,—, and any combination of the preceding groups;
R! is independently hydrogen atom, a functional group
selected from the group consisting of an alkyl group
having 1 to 20 carbon atoms, a cycloalkyl group having
310 20 carbon atoms, an aryl group having 6 to 20 carbon
atoms, an alkoxyl group having 1 to 20 carbon atoms,
cyano group, nitro group, hydroxyl group, heterocyclic
group, halogen atom, carboxyl group, an alkylsilyl
group having 1 to 20 carbon atoms, and a group derived
from the preceding groups, or an acid-dissociating func-
tional group selected from the group consisting of a
substituted methyl group having 2 to 20 carbon atoms, a
1-substituted ethyl group having 3 to 20 carbon atoms, a
1-substituted n-propyl group having 4 to 20 carbon
atoms, a 1-branched alkyl group having 3 to 20 carbon
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atoms, a silyl group having 1 to 20 carbon atoms, an acyl
group having 2 to 20 carbon atoms, a 1-substituted
alkoxyalkyl group having 2 to 20 carbon atoms, a cyclic
ether group having 2 to 20 carbon atoms, an alkoxycar-
bonyl group having 2 to 20 carbon atoms and an alkoxy-
carbonylalkyl group; R' is independently an alkyl group
having 2 to 20 carbon atoms, an aryl group having 6 to 24
carbon atoms represented by the following formula:

)

or a group derived from the preceding groups; R* is a
functional group selected from the group consisting of
an alkyl group having 1 to 20 carbon atoms exclusive of
t-butyl group, a cycloalkyl group having 3 to 20 carbon
atoms, an aryl group having 6 to 20 carbon atoms, an
alkoxyl group having 1 to 20 carbon atoms, cyano group,
nitro group, heterocyclic group, halogen atom, carboxyl
group, an alkylsilyl group having 1 to 20 carbon atoms,
and a group derived from the preceding groups, or an
acid-dissociating functional group selected from the
group consisting of a substituted methyl group having 2
to 20 carbon atoms, a 1-substituted ethyl group having 3
to 20 carbon atoms, a 1-substituted n-propyl group hav-
ing 4 to 20 carbon atoms, a 1-branched alkyl group
having 3 to 20 carbon atoms, a silyl group having 1 to 20
carbon atoms, an acyl group having 2 to 20 carbon
atoms, a 1-substituted alkoxyalkyl group having 2 to 20
carbon atoms, a cyclic ether group having 2 to 20 carbon
atoms, an alkoxycarbonyl group having 2 to 20 carbon
atoms and an alkoxycarbonylalkyl group; R® is hydro-
gen atom or an alkyl group having 1 to 10 carbon atoms;
m is an integer of 1 to 4; and p is an integer of 0 to 5.

11. A radiation-sensitive composition comprising a cyclic

compound (B) represented by the following formula (19-1)
and a low-molecular weight solubilizer (D):

cyclic compound (B) is represented by the following for-

mula (19-1);

(19-1)

wherein Rl is independently hydrogen atom, a functional
group selected from the group consisting of an alkyl
group having 1 to 20 carbon atoms, a cycloalkyl group
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having 3 to 20 carbon atoms, an aryl group having 6 to 20
carbon atoms, an alkoxyl group having 1 to 20 carbon
atoms, cyano group, nitro group, hydroxyl group, het-
erocyclic group, halogen atom, carboxyl group, an
alkylsilyl group having 1 to 20 carbon atoms, and a
group derived from the preceding groups, or an acid-
dissociating functional group selected from the group
consisting of a substituted methyl group having 2 to 20
carbon atoms, a 1-substituted ethyl group having 3 to 20
carbon atoms, a 1-substituted n-propyl group having 4 to
20 carbon atoms, a * 1-branched alkyl group having 3 to
20 carbon atoms, a silyl group having 1 to 20 carbon
atoms, an acyl group having 2 to 20 carbon atoms, a
1-substituted alkoxyalkyl group having 2 to 20 carbon
atoms, a cyclic ether group having 2 to 20 carbon atoms,
an alkoxycarbonyl group having 2 to 20 carbon atoms
and an alkoxycarbonylalkyl group;

R*is a functional group selected from the group consisting
of'an alkyl group having 1 to 20 carbon atoms exclusive
of t-butyl group, a cycloalkyl group having 3 to 20
carbon atoms, an aryl group having 6 to 20 carbon
atoms, an alkoxyl group having 1 to 20 carbon atoms,
cyano group, nitro group, heterocyclic group, halogen
atom, carboxyl group, an alkylsilyl group having 1 to 20
carbon atoms, and a group derived from the preceding
groups, or an acid-dissociating functional group
selected from the group consisting of a substituted
methyl group having 2 to 20 carbon atoms, a 1-substi-
tuted ethyl group having 3 to 20 carbon atoms, a 1-sub-
stituted n-propyl group having 4 to 20 carbon atoms, a
1-branched alkyl group having 3 to 20 carbon atoms, a
silyl group having 1 to 20 carbon atoms, an acyl group
having 2 to 20 carbon atoms, a 1-substituted alkoxyalkyl
group having 2 to 20 carbon atoms, a cyclic ether group
having 2 to 20 carbon atoms, an alkoxycarbonyl group
having 2 to 20 carbon atoms and an alkoxycarbonylalkyl
group; R” is hydrogen atom or an alkyl group having 1 to
10 carbon atoms; m is an integer of 1 to 4;

and p is an integer of O to 5,

wherein the cyclic compound (B) is contained in an amount
of 50 to 99.999% by weight a total weight of the solid
components.

12. A method of producing a cyclic compound (B0), com-
prising a first stage reaction which an aldehyde compound in
which an aldehyde compound (Alb) having from 2 to 59
carbon atoms, a reactive functional group and from 1 to 4
formyl groups is allowed to react with a reagent for introduc-
ing an acid-dissociating functional group, thereby synthesiz-
ing an aldehyde compound (A 1c) having the acid-dissociat-
ing functional group introduced, and a second stage reaction
in which the aldehyde compound (Alc) and a phenol com-
pound (A2) are subjected to a condensation reaction, wherein
the aldehyde compound (Alc) is represented by the following
formula (47):
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wherein L is a divalent organic group selected from the
group consisting of a single bond, an alkylene group
having 1 to 20 carbon atoms, a cycloalkylene group
having 3 to 20 carbon atoms, an arylene group having 6
to 20 carbon atoms, —O—, —OC(—0)—, —OC(—0)
O—, —NR;)—C(=0)— —N(Ry)—C(=0)0—,
—S—, —S0—, —SO,—, and any combination of the
preceding groups; R! is hydrogen atom or an acid-dis-
sociating functional group selected from the group con-
sisting of a substituted methyl group having 2 to 20
carbon atoms, a 1-substituted ethyl group having 3 to 20
carbon atoms, a 1-substituted n-propyl group having 4 to
20 carbon atoms, a 1-branched alkyl group having 3 to
20 carbon atoms, a silyl group having 1 to 20 carbon
atoms, an acyl group having 2 to 20 carbon atoms, a
1-substituted alkoxyalkyl group having 2 to 20 carbon
atoms, a cyclic ether group having 2 to 20 carbon atoms,
an alkoxycarbonyl group having 2 to 20 carbon atoms,
and an alkoxycarbonylalkyl group; R? is hydrogen atom,
an alkyl group having 1 to 20 carbon atoms, a cycloalkyl
group having 3 to 20 carbon atoms, an aryl group having
6 to 20 carbon atoms, an alkoxyl group having 1 to 20
carbon atoms, cyano group, nitro group, hydroxyl
group, a heterocyclic group, a halogen atom, carboxyl
group, an alkylsilyl group having 1 to 20 carbon atoms,
or a functional group selected from derivatives of the
preceding groups; R* is hydrogen atom or an alkyl group
having 1 to 10 carbon atoms; m, is an integer of 1 to 5
and m, is an integer of 0 to 4 satisfying m,+m,=5.

13. A method of producing a cyclic compound (B0), com-
prising a first stage reaction in which an aldehyde compound
(A1d) having 2 to 59 carbon atoms, 1 to 4 formyl groups, and
1to 2 carboxyl groups or ester groups and a phenol compound
(A2) are subjected to a condensation reaction, thereby syn-
thesizing a cyclic compound (A0) having 1 to 8 carboxyl
groups and a molecular weight of 800 to 5000, and a second
stage reaction in which the cyclic compound (AO0) is allowed
to react with a compound (A3) having a halomethyl ether
group,

wherein the aldehyde compound (A1d) is an aliphatic alde-

hyde compound having 1 to 2 carboxyl groups or ester
groups, an alicyclic aldehyde compound having 1 to 2
carboxyl groups or ester groups, and an aromatic alde-
hyde compound having 1 to 2 carboxyl groups or ester

groups.



