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Description

Title of Invention: COMPOUND, PHOTOCURABLE COM¬

POSITION, AND METHODS FOR PRODUCING PATTERNED

FILM, OPTICAL COMPONENT, CIRCUIT BOARD,

ELECTRONIC COMPONENT BY USING THE PHO¬

TOCURABLE COMPOSITION, AND CURED PRODUCT

Technical Field
[0001] The present invention relates to a compound, a photocurable composition, and

methods for producing a patterned film, an optical component, a cured product, a

circuit board, and an electronic component by using the photocurable composition.

Background Art
[0002] A photo- (nano)imprint method is one of the techniques for producing patterned resist

films on substrates such as processing substrates.

[0003] A photo- (nano)imprint method that includes a long irradiation step has a dis

advantage of low productivity. If force (mold releasing force) required to separate a

mold from a cured resist is large, various problems such as defects in the pattern and

degradation of alignment accuracy resulting from detachment of a substrate from a

stage can occur.

[0004] To overcome these disadvantages, Japanese Patent Laid-Open No. 2010-1 14209

discloses a photo-(nano)imprint method in which a hydrogen donor is added to a pho

tocurable composition to improve the photocuring rate.

[0005] Japanese Patent Laid-Open No. 2007-084625 discloses a technique of adding a

fluorine-based surfactant to a photocurable composition to decrease the mold releasing

force. However, a further improvement on photocuring rate is needed to improve the

productivity and a technique that can further decrease the mold releasing force from

the mold is in demand.

Citation List

Patent Literature
[0006] PTL 1: Japanese Patent Laid-Open No. 20 10-114209

PTL 2 : Japanese Patent Laid-Open No. 2007-084625

Summary of Invention
[0007] The present invention provides a compound represented by general formula (1).

[0008]



[Chem.l]

General formula (1)

[0009] In general formula (1), Rf represents an alkyl group at least part of which is sub

stituted with fluorine, R0 represents an oxyalkylene group or a repeated structure of an

oxyalkylene group, N represents a nitrogen atom, RA represents an alkyl group, and RB

represents an alkyl group or a hydrogen atom.

[0010] The present invention can provide a photocurable composition having high sen

sitivity capable of forming a cured product that can be released from a mold with less

force, a compound that realizes such properties, and methods for producing a film, an

optical component, a circuit board, and an electronic component by using the pho

tocurable composition.

Brief Description of Drawings
[0011] [fig.lA]Fig. 1A is a schematic cross-sectional view showing an example of a method

for producing a film according to one embodiment.

[fig.lB]Fig. IB includes schematic cross-sectional views showing an example of a

method for producing a film according to one embodiment.

[fig.lC]Fig. 1C includes schematic cross-sectional views showing an example of a

method for producing a film according to one embodiment.

[fig.lD]Fig. ID is a schematic cross-sectional view showing an example of a method

for producing a film according to one embodiment.

[fig.lE]Fig. IE is a schematic cross-sectional view showing an example of a method

for producing a film according to one embodiment.

[fig.lF]Fig. IF is a schematic cross- sectional view showing an example of a method

for producing a film according to one embodiment.

[fig.2]Fig. 2 is a schematic diagram showing an attenuated total reflection infrared

spectrometer equipped with an irradiation mechanism.

Description of Embodiments
[0012] Embodiments of the present invention will now be described in detail with reference

to drawings. These embodiments do not limit the scope of the present invention. The

embodiments described below are subject to alterations, modifications, improvements,

etc., based on the common knowledge of persons skilled in the art within the scope of

the gist of the present invention and such alterations etc., are within the scope of the

present invention.

[0013] A photocurable composition according to one embodiment contains a component

(A), a component (B), and a component (C):



(A) a polymerizable compound

(B) a photopolymerization initiator

(C) a hydrogen donor represented by general formula (1) below.

[0014] [Chem.2]

r ~

R f - R 0 - N
R

General formula (1)

[0015] In general formula (1), Rf represents an alkyl group at least part of which is sub

stituted with fluorine, R0 represents an oxyalkylene group or a repeated structure of an

oxyalkylene group, N represents a nitrogen atom, RA represents an alkyl group, and RB

represents an alkyl group or a hydrogen atom.

[0016] Detailed descriptions of these components are as follows.

Component (A): polymerizable compound
[0017] The component (A) is a polymerizable compound. In this embodiment and the

present invention, a polymerizable compound is a compound that reacts with a poly

merizing factor (such as a radical) generated from a photopolymerization initiator

(component (B) described below) and forms a film of a polymer compound as a result

of chain reaction (polymerization reaction).

[0018] Examples of the polymerizable compound include radical polymerizable compounds.

The polymerizable compound used as the component (A) may be constituted by one

polymerizable compound or two or more polymerizable compounds.

[0019] The radical polymerizable compound may be a compound having one or more

acryloyl groups or methacryloyl groups.

[0020] Examples of a monofunctional (meth)acryl compound having one acryloyl group or a

methacryloyl group include, but are not limited to, phenoxyethyl (meth)acrylate,

phenoxy-2-methyl ethyl (meth)acrylate, phenoxy ethoxy ethyl (meth)acrylate,

3-phenoxy-2-hydroxy propyl (meth)acrylate, 2-phenyl phenoxy ethyl (meth)acrylate,

4-phenyl phenoxy ethyl (meth)acrylate, 3-(2-phenylphenyl)-2-hydroxypropyl

(meth)acrylate, EO-modified p-cumylphenol (meth)acrylate, 2-bromophenoxyethyl

(meth)acrylate, 2,4-dibromophenoxyethyl (meth)acrylate, 2,4,6-tribromophenoxyethyl

(meth)acrylate, EO-modified phenoxy (meth)acrylate, PO-modified phenoxy

(meth)acrylate, polyoxyethylene nonylphenyl ether (meth)acrylate, isobornyl

(meth)acrylate, 1-adamantyl (meth)acrylate, 2-methyl-2-adamantyl (meth)acrylate,

2-ethyl-2-adamantyl (meth)acrylate, bornyl (meth)acrylate, tricyclodecanyl

(meth)acrylate, dicyclopentanyl (meth)acrylate, dicyclopentenyl (meth)acrylate, cy-

clohexyl (meth)acrylate, 4-butylcyclohexyl (meth)acrylate, acryloyl morpholine,

2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 2-hydroxybutyl



(meth)acrylate, methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth)aerylate,

isopropyl (meth)aerylate, butyl (meth)acrylate, amyl (meth)acrylate, isobutyl

(meth)acrylate, t-butyl (meth)acrylate, pentyl (meth)acrylate, isoamyl (meth)acrylate,

hexyl (meth)acrylate, heptyl (meth)acrylate, octyl (meth)acrylate, isooctyl

(meth)acrylate, 2-ethylhexyl (meth)acrylate, nonyl (meth)aerylate, decyl

(meth)acrylate, isodecyl (meth)acrylate, undecyl (meth)acrylate, dodecyl

(meth)acrylate, lauryl (meth)acrylate, stearyl (meth)aerylate, isostearyl (meth)acrylate,

benzyl (meth)acrylate, tetrahydrofurfuryl (meth)acrylate, butoxyethyl (meth)acrylate,

ethoxy diethylene glycol (meth)acrylate, polyethylene glycol mono(meth)acrylate,

polypropylene glycol mono(meth) aerylate, methoxyethylene glycol (meth)acrylate,

ethoxyethyl (meth)acrylate, methoxy polyethylene glycol (meth)acrylate, methoxy

polypropylene glycol (meth)acrylate, diacetone (meth)acrylamide, isobutoxymethyl

(meth)acrylamide, Ν ,Ν-dimethyl (meth)acrylamide, t-octyl (meth)acrylamide,

dimethylaminoethyl (meth)acrylate, diethylaminoethyl (meth)acrylate,

7-amino-3,7-dimethyloctyl (meth)acrylate, Ν ,Ν-diethyl (meth)aerylamide, and

Ν ,Ν-dimethylaminopropyl (meth)acrylamide.

[0021] Examples of the commercially available products of the monofunctional (meth)acryl

compounds include, but are not limited to, ARONIX Ml 01, M l 02, Ml 10, Ml 11,

M l 13, Ml 17, M5700, TO-1317, M120, M150, and M156 (products of Toagosei Co.,

Ltd.), MEDOL 10, MIBDOL 10, CHDOL 10, MMDOL 30, MEDOL 30, MIBDOL

30, CHDOL 30, LA, IBXA, 2-MTA, HPA, and Viscoat #150, #155, #158, #190, #192,

#193, #220, #2000, #2100, and #2150 (products of Osaka Organic Chemical Industry

Ltd.), LIGHT ACRYLATE BO-A, EC-A, DMP-A, THF-A, HOP-A, HOA-MPE,

HOA-MPL, PO-A, P-200A, NP-4EA, and NP-8EA, and EPOXY ESTER M-600A

(products of Kyoeisha Chemical Co., Ltd.), KAYARAD TCllOS, R-564, and R-128H

(products of NIPPON KAYAKU Co. Ltd.), NK ESTER AMP-10G and AMP-20G

(products of Shin-Nakamura Chemical Co., Ltd.), FA-511A, 512A, and 513A

(products of Hitachi Chemical Co., Ltd.), PHE, CEA, PHE-2, PHE-4, BR-31, BR-

31M, and BR-32 (products of Dai-Ichi Kogyo Seiyaku Co., Ltd.), VP (product of

BASF), and ACMO, DMAA, and DMAPAA (products of KOHJIN Holdings Co.,

Ltd.).

[0022] Examples of the polyfunctional (meth)acryl compounds having two or more acryloyl

groups or methacryloyl groups include, but are not limited to, trimethylolpropane

di(meth)acrylate, trimethylolpropane tri(meth)acrylate, EO-modified trimethy

lolpropane tri(meth)acrylate, PO-modified trimethylolpropane tri(meth)acrylate, EO-,

PO-modified trimethylolpropane tri(meth)acrylate, pentaerythritol tri(meth)acrylate,

pentaerythritol tetra(meth)acrylate, ethylene glycol di(meth)acrylate, tetraethylene

glycol di(meth)aerylate, polyethylene glycol di(meth)acrylate, polypropylene glycol



di(meth)acrylate, 1,4-butanediol di(meth)acrylate, 1,6-hexanediol di(meth)acrylate,

neopentyl glycol di(meth)acrylate, tris(2-hydroxyethyl) isocyanurate tri(meth)acrylate,

tris(acryloyloxy) isocyanurate, bis(hydroxymethyl)tricyclodecane di(meth)acrylate,

dipentaerythritol penta(meth)acrylate, dipentaerythritol hexa(meth)acrylate, EO-

modified 2,2-bis(4-((meth)acryloxy)phenyl)propane, PO-modified

2,2-bis(4-((meth)acryloxy)phenyl)propane, and EO-, PO-modified

2,2-bis(4-((meth)acryloxy)phenyl)propane.

[0023] Examples of the commercially available products of the polyfunctional (meth)acryl

compounds include YUPIMER UV SA1002 and SA2007 (products of Mitsubishi

Chemical Corporation), Viscoat #195, #230, #215, #260, #335HP, #295, #300, #360,

#700, GPT, and 3PA (products of Osaka Organic Chemical Industry Ltd.), LIGHT

ACRYLATE 4EG-A, 9EG-A, NP-A, DCP-A, BP-4EA, BP-4PA, TMP-A, PE-3A, PE-

4A, and DPE-6A (products of Kyoeisha Chemical Co., Ltd.), KAYARAD PET-30,

TMPTA, R-604, DPHA, DPCA-20, -30, -60, -120, HX-620, D-310, and D-330

(products of NIPPON KAYAKU Co. Ltd.), ARONIX M208, M210, M215, M220,

M240, M305, M309, M310, M315, M325, and M400 (products of Toagosei Co., Ltd.),

and Ripoxy VR-77, VR-60, and VR-90 (products of Showa Highpolymer Co., Ltd.).

[0024] In the compound groups described above, "(meth)aerylate" refers to an acrylate and

an equivalent methacrylate having an alcohol residue. A "(meth)aeryloyl group" refers

to an acryloyl group and an equivalent methacryloyl group having an alcohol residue.

EO represents ethylene oxide. An EO-modified compound A refers to a compound in

which a (meth)acrylic acid residue of a compound A is bonded to an alcohol residue of

the compound A via a block structure of an ethylene oxide group. PO represents

propylene oxide. A PO-modified compound B refers to a compound in which a

(meth)acrylic acid residue of a compound B is bonded to an alcohol residue of the

compound B via a block structure of a propylene oxide group.

Component (B): photopolymerization initiator
[0025] The component (B) is a photopolymerization initiator.

[0026] In this embodiment and the present invention, a photopolymerization initiator is a

compound that generates a polymerizing factor (radical) upon sensing light of a

particular wavelength. In particular, a photopolymerization initiator generates a radical

(radical generator) when irradiated with light (radiations such as infrared rays, visible

rays, ultraviolet rays, far ultraviolet rays, X-rays, and charged particle beams such as

electron beams). To be more specific, the photopolymerization initiator is a photopoly

merization initiator that generates a radical when irradiated with light having a

wavelength in the range of 190 to 700 nm, for example.

[0027] The photopolymerization initiator serving as the component (B) may be constituted

by one photopolymerization initiator or two or more photopolymerization initiators.



[0028] Examples of the radical generator include substituted or unsubstituted 2,4,5-triaryl

imidazole dimers such as a 2-(o-chlorophenyl)-4,5-diphenylimidazole dimer, a

2-(o-chlorophenyl)-4,5-di(methoxyphenyl)imidazole dimer, a

2-(o-fluorophenyl)-4,5-diphenylimidazole dimer, and a 2-(o- or p-

methoxyphenyl)-4,5-diphenylimidazole dimer; benzophenone derivatives such as ben-

zophenone, N,N'-tetramethyl-4,4'-diaminobenzophenone (Michler's ketone),

N,N'-tetraethyl-4,4'-diaminobenzophenone,

4-methoxy-4'-dimethylaminobenzophenone, 4-chlorobenzophenone,

4,4'-dimethoxybenzophenone, and 4,4'-diaminobenzophenone; aromatic ketone

derivatives such as

2-benzyl-2-dimethylamino- 1-(4-morpholinophenyl)-butanone- 1,2-methyl- 1-[4-(methyl

thio)phenyl]-2-morpholino-propanone-l-on; quinones such as 2-ethylanthraquinone,

phenanthrenequinone, 2-t-butylanthraquinone, octamethylanthraquinone,

1.2-benzanthraquinone, 2,3-benzanthraquinone, 2-phenylanthraquinone,

2.3-diphenylanthraquinone, 1-chloroanthraquinone, 2-methylanthraquinone,

1.4-naphthoquinone, 9,10-phenanthraquinone, 2-methyl-l,4-naphthoquinone, and

2,3-dimethylanthraquinone; benzoin ether derivatives such as benzoin methyl ether,

benzoin ethyl ether, and benzoin phenyl ether; benzoin derivatives such as benzoin,

methyl benzoin, ethyl benzoin, and propyl benzoin; benzyl derivatives such as benzyl

dimethyl ketal; acridine derivatives such as 9-phenyl acridine and

l,7-bis(9,9'-acridinyl)heptane; N-phenyl glycine derivatives such as N-phenyl glycine;

acetophenone derivatives such as acetophenone, 3-methyl acetophenone, acetophenone

benzyl ketal, 1-hydroxycyclohexyl phenyl ketone, and 2,2-dimethoxy-2-phenyl ace

tophenone; thioxanthone derivatives such as thioxanthone, diethylthioxanthone,

2-isopropylthioxanthone, and 2-chlorothioxanthone; and xanthone, fluorenone, ben-

zaldehyde, fluorene, anthraquinone, triphenylamine, carbazole,

1-(4-isopropylphenyl)-2-hydroxy-2-methylpropan-l-on,

2-hydroxy-2-methyl- 1-phenylpropan- 1-on, 2,4,6-trimethylbenzoyl diphenylphosphine

oxide, and bis-(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine oxide.

[0029] Examples of commercially available products of the radical generators include, but

are not limited to, Irgacure 184, 369, 651, 500, 819, 907, 784, and 2959, CGI- 1700, -

1750, and -1850, CG24-61, Darocur 1116 and 1173, Lucirin TPO, LR8893, and

LR8970 (products of BASF), and EBECRYL P36 (product of UCB).

[0030] The blend ratio of the photopolymerization initiator serving as the component (B) in

the photocurable composition is 0.01% by weight or more and 10% by weight or less

and preferably 0.1% by weight or more and 7% by weight or less relative to the total

weight of the polymerizable compound serving as the component (A).

[0031] When the blend ratio of the photopolymerization initiator relative to the total weight



of the polymerizable compound is 0.01% by weight or more, a satisfactory curing rate

is achieved. At a blend ratio of 10% by weight or less, a cured product obtained from

the photocurable composition can exhibit good mechanical properties.

Component (C): hydrogen donor
[0032] The component (C) is a hydrogen donor.

[0033] In this embodiment and the present invention, a hydrogen donor is a compound that

reacts with an initiation radical generated from the photopolymerization initiator

serving as the component (B) or a radial at a polymerization propagating terminal so as

to give a radical having a higher reactivity and accelerate the polymerization of the

component (A).

[0034] The function of the component (C) as the hydrogen donor can be confirmed by

comparing the polymerization rate of a photocurable composition between when the

component (C) is used and when not used and confirming that a photocurable com

position containing the component (C) exhibits a higher polymerization rate.

[0035] The hydrogen donor serving as the component (C) is a compound represented by

general formula (1) below.

[0036] [Chem.3]

a General formula (1)

[0037] In general formula (1), Rf represents an alkyl group at least part of which is sub

stituted with fluorine, R0 represents an oxyalkylene group or a repeated structure of an

oxyalkylene group, N represents a nitrogen atom, RA represents an alkyl group, and RB

represents an alkyl group or a hydrogen atom.

[0038] Rf in general formula (1) represents an alkyl group at least part of which is sub

stituted with fluorine. Rf may be an alkyl group having all of hydrogen atoms sub

stituted with fluorine or an alkyl group having some of hydrogen atoms substituted

with fluorine.

[0039] An example of an alkyl group having some of hydrogen atoms substituted with

fluorine is a group represented by general formula (2) below.

[0040] [Chem.4]

[0041] In general formula (2), A represents an integer of 1 or more and 25 or less and B

represents an integer of 1 or more and 25 or less.

[0042] For R0 representing an oxyalkylene group or a repeated structure of an oxyalkylene



group in general formula (1), examples of the oxyalkylene group include an

oxyethylene group and an oxypropylene group and examples of the repeated structure

of an oxyalkylene group include a repeated structure of the oxyethylene group and a

repeated structure of the oxypropylene group. Specific examples of the oxyethylene

group or the repeated structure of the oxyethylene group include divalent groups rep

resented by general formula (3) below and specific examples of the oxypropylene

group or the repeated structure of the oxypropylene group include divalent groups rep

resented by general formula (4) below:

-(OCH 2CH2) - General formula (3)

(where a represents an integer of 1 or more and 100 or less)

-(OCH 2CH(CH 3))b- General formula (4)

(where b represents an integer of 1 or more and 100 or less)

[0043] A hydrogen donor represented by general formula (1) has a secondary or tertiary

amino group functioning as a hydrogen donating group and thus accelerates the poly

merization of the component (A) which is a polymerizable compound. The hydrogen

donor presumably also functions as a surfactant since it has the Rf group (alkyl group

at least part of which is substituted with fluorine) serving as an oleophobic segment

and the R0 group (oxyalkylene group or repeated structure of oxyalkylene group)

serving as an oleophilic segment. Due to this, the component (C) behaves like common

surfactants, and segregates at the interface between a mold and the photocurable com

position and forms a very thin releasing layer between the mold and the photocurable

composition in a placement step (1) or a mold contact step (2) in a method for

producing a patterned film by using the photopolymerizable composition of the em

bodiment described below. This releasing layer is non-polymerizable and the

molecules in the layer are not covalently bonded with one another. Thus, separation

occurs at the interface between the releasing layer and the photocurable composition

layer or inside the releasing layer, and a cured film formed by polymerization of the

photocurable composition can be easily released from the mold.

[0044] Since the hydrogen donor represented by general formula (1) has a secondary or

tertiary amino group, hydroxyl groups of the quartz which is commonly used as a

material for molds and the secondary or tertiary amino group forms ionic bonds. This

is presumably why the cured product can be released from a mold with a relatively low

mold releasing force at a lamellar interface of the releasing layer in a mold releasing

step (4) in a method for producing a patterned film by using the photopolymerizable

composition of the embodiment described below.

[0045] The alkyl group represented by RA in general formula (1) may be linear or cyclic but

is preferably linear and more preferably a linear alkyl group having 1 to 5 carbon

atoms.



RB in general formula (1) may represent a hydrogen atom or an alkyl group but

preferably represents an alkyl group which may be linear or cyclic as in RA. RB

preferably represents a linear alkyl group and more preferably a linear alkyl group

having 1 to 5 carbon atoms. Examples of the linear alkyl group having 1 to 5 carbon

atoms in RA and RB include a methyl group, an ethyl group, a propyl group, a butyl

group, and a pentyl group.

[0046] RB preferably represents an alkyl group because the effect of accelerating poly

merization of the component (A), which is a polymerizable compound, is higher when

the hydrogen donor represented by general formula (1) has a tertiary amino group.

[0047] Specific examples of the hydrogen donor represented by general formula (1) include

compounds represented by general formula (5) below.

[0048] hem.5]

[0049] In general formula (5), a represents an integer within the range of 1 to 25, b

represents an integer within the range of 0 to 25, c represents an integer within the

range of 1 to 25, R i represents an alkyl group, and R2 represents an alkyl group or

hydrogen.

[0050] In general formula (5), a represents an integer within the range of 1 to 25 and

preferably an integer within the range of 1 to 10. Also, b represents an integer within

the range of 0 to 25, preferably an integer within the range of 1 to 25, and more

preferably an integer within the range of 1 to 5. In general formula (5), c represents an

integer within the range of 1 to 25 and preferably an integer within the range of 1 to

10. When a, b, and c each independently represent an integer within the range of 1 to

10, a compound represented by general formula (5) can be easily synthesized. This is

so particularly when b represents an integer within the range of 1 to 5.

[0051] In general formula (5), R2 preferably represents an alkyl group (in other words, the

compound represented by general formula (5) is preferably a tertiary amino group) and

more preferably a linear alkyl group having 1 to 5 carbon atoms. This is because, as

discussed above, the effect of accelerating polymerization of the component (A) is

enhanced when R i and R2 each represent an alkyl group, in particular, a linear alkyl

group having 1 to 5 carbon atoms.

[0052] For example, R i and R2 may each represent a linear alkyl group or a cyclic alkyl

group. Examples of the linear alkyl group having 1 to 5 carbon atoms include a methyl

group, an ethyl group, a propyl group, a butyl group, and a pentyl group.

[0053] Specific examples of the compound represented by general formula (5) include



compounds represented by general formula (6) below and compounds represented by

general formula (7) below.

[0054] [Chem.6]

Genera l formula (6 )

[0055] In general formula (6), d represents an integer in the range of 1 to 10 and and R2

each represent an alkyl group.

[0056] [Chem.7]

[0057] In general formula (7), e represents an integer in the range of 1 to 10 and Ri and R2

each represent an alkyl group.

[0058] A specific example of the compound represented by general formula (6) is a

compound represented by formula (A) below and a specific example of the compound

represented by general formula (7) is a compound represented by formula (B) below.

[0059] [Chem.8]

[0060] [

Formula (B)

[0061] The hydrogen donor represented by general formula (1) may be a compound rep

resented by general formula (8) below.

[0062]



[Chem.l O

General formula (8)

[0063] In general formula (8), u represents an integer in the range of 1 to 25, v represents an

integer in the range of 0 to 25, m represents an integer in the range of 1 to 25, R3

represents an alkyl group, and R4 represents an alkyl group or hydrogen.

[0064] In general formula (8), u, v, and m preferably each independently represent an

integer in the range of 1 to 10 and more preferably an integer in the range of 1 to 5.

[0065] This is because it becomes easier to synthesize a compound represented general

formula (8) when u, v, and m each independently represent an integer in the range of 1

to 10 and in particular when v represents an integer in the range of 1 to 5.

[0066] In general formula (8), R3 and R4 preferably each represent an alkyl group and more

preferably an alkyl group having 1 to 5 carbon atoms.

[0067] For example, R3 and R4 may each represent a linear alkyl group or a cyclic alkyl

group. Examples of the alkyl group having 1 to 5 carbon atoms include a methyl

group, an ethyl group, a propyl group, a butyl group, and a pentyl group.

The compound represented by general formula (1) can be synthesized by the

following synthetic schemes, for example. Compounds represented by general

formulae (5), (6), (7), (8), (9), and (10), and formulae (A) and (B), can also be syn

thesized in the same manner.

[0068]

[0069] The compound (C) represented by general formula (1) may be constituted by two or

more hydrogen donors represented by general formula (1). Compounds represented by

general formula (9) below are naturally one of the compounds represented by general

formula (1):

Rfi-Rc-X General formula (9)

where Rfi represents a group constituted by fluorine and carbon atoms only or a

group constituted by fluorine, carbon, and hydrogen atoms only, Rc represents a group

constituted by at least one selected from a polyethylene oxide group, a polypropylene

oxide group, and an alkylene group, and X represents an amino group.



[0070] Specific examples of the polyoxyalkylene group in general formula (9) include a

polyethylene oxide group and a polyoxypropylene group. Specific examples of the

polyethylene oxide group include divalent groups represented by general formula (3)

above and specific examples of the polypropylene oxide group include divalent groups

represented by general formula (4) above.

[0071] In general formula (9), X may be a primary, secondary, or tertiary amino group but is

preferably a secondary or tertiary amino group. This is because a secondary amino

group and a tertiary amino group have a higher polymerization accelerating effect than

a primary amino group.

[0072] Examples of the hydrogen donor represented by general formula (9) include

compounds represented by general formula (10) below.

[0073] [Chem.12

General formula (10)

[0074] In general formula (10), s represents an integer in the range of 1 to 25, t and n each

independently represent an integer in the range of 0 to 25 where at least one of t and n

represents an integer of 1 or more, R i represents an alkyl group, and R 2 represents an

alkyl group or hydrogen.

[0075] The blend ratio of the hydrogen donor serving as the component (C) in the pho-

tocurable composition according to this embodiment may be 0.001% by weight or

more and 10% by weight or less relative to the total weight of the polymerizable

compound serving as the component (A). The blend ratio of the hydrogen donor is

preferably 0.002% by weight or more and 5% by weight or less and more preferably

0.005% by weight or more and 3% by weight or less relative to the total weight of the

polymerizable compound serving as the component (A). If the blend ratio is less than

0.001% by weight, a sufficient polymerization accelerating effect may not be

exhibited. At a blend ratio exceeding 10% by weight, the mechanical strength of a

photocured product obtained after curing may be insufficient.

Other additives
[0076] The photocurable composition of this embodiment may contain additives in addition

to the component (A), the component (B), and the component (C) described above

depending on the purpose as long as the effect of the invention is not impaired.

Examples of the additives include a releasing agent, a surfactant, a sensitizer, an an

tioxidant, a solvent, and a polymer component.



[0077] A sensitizer accelerates the initiation reaction of photoradical polymerization through

exchange of energy or electrons and is a compound added to accelerate polymerization

reaction and improve reaction conversion rate. An example of the sensitizer is a sen

sitizing dye.

[0078] A sensitizing dye is a compound that is excited by absorption of light of a particular

wavelength and interacts with a polymerization initiator serving as the component (B).

The interaction refers to, for example, migration of energy or migration of electrons

from a sensitizing dye in an excited state to a photopolymerization initiator serving as

the component (B).

[0079] Specific examples of the sensitizing dye include, but are not limited to, anthracene

derivatives, anthraquinone derivatives, pyrene derivatives, perylene derivatives,

carbazole derivatives, benzophenone derivatives, thioxanthone derivatives, xanthone

derivatives, coumarin derivatives, phenothiazine derivatives, camphorquinone

derivatives, acridine dyes, thiopyrylium salt dyes, merocyanine dyes, quinoline dyes,

styrylquinoline dyes, ketocoumarin dyes, thioxanthene dyes, xanthene dyes, oxonol

dyes, cyanine dyes, rhodamine dyes, and pyrylium salt dyes.

[0080] These sensitizers may be used alone or in combination as a mixture.

[0081] The photocurable composition of this embodiment may contain a known hydrogen

donor other than the component (C) such as those described in Japanese Patent Laid-

Open No. 2010-114209 as an additive.

[0082] Specific examples of such a hydrogen donor include, but are not limited to, amine

compounds such as N-butylamine, di-n-butylamine, tri-n-butylphosphine, al-

lylthiourea, s-benzylisothiuronium-p-toluene sulfinate, triethylamine, diethy-

laminoethyl methacrylate, triethylene tetramine, 4,4'-bis(dialkylamino)benzophenone,

Ν ,Ν-dimethylamino benzoic acid ethyl ester, Ν ,Ν-dimethylamino benzoic acid

isoamyl ester, pentyl-4-dimethylaminobenzoate, triethanolamine, and N-phenyl

glycine; and mercapto compounds such as 2-mercapto-N-phenyl benzoimidazole and

mercaptopropionic acid ester.

[0083] In the case where the photocurable composition of this embodiment contains a

hydrogen donor other than the component (C) as an additive, this hydrogen donor may

be one hydrogen donor or two or more hydrogen donors.

[0084] In the case where the photocurable composition of this embodiment contains a

sensitizer and/or a hydrogen donor other than the component (C) as the additive, the

content thereof is preferably 0% or more and 20% by weight or less, more preferably

0.1% by weight or more and 5.0% by weight or less, and most preferably 0.2% by

weight or more and 2.0% by weight or less relative to the total weight of the poly-

merizable compound serving as the component (A). At a sensitizer content of 0.1% by

weight or more, the polymerization accelerating effect can be more effectively



exhibited. At a sensitizer content of 5.0% by weight or less, the molecular weight of

the polymer compound constituting the photocured product can be sufficiently

increased and the dissolution failure and deterioration of storage stability can be

suppressed.

[0085] The ratios of the component (A), the component (B), and the component (C) can be

determined by analyzing a photocured product obtained by curing the photocurable

composition of this embodiment through infrared spectrometry, ultraviolet visible light

spectroscopy, pyrolysis gas chromatography mass spectroscopy, etc. As a result, the

ratios of the component (A), the component (B), and the component (C) in the pho

tocurable composition can be determined.

Temperature at the time of blending photocurable composition
[0086] In preparing the photocurable composition of this embodiment, at least the

component (A), the component (B), and the component (C) are mixed and dissolved

under particular temperature conditions. To be more specific, mixing and dissolving

are performed at a temperature in the range of 0 degrees (Celsius) to 100 degrees

(Celsius).

Viscosity of photocurable composition
[0087] The viscosity of the photocurable composition of this embodiment is preferably 1 cP

or more and 100 cP or less, more preferably 5 cP or more and 50 cP or less, and most

preferably 6 cP or more and 20 cP or less in terms of the viscosity of a mixture of the

components other than the solvent at 23 degrees (Celsius).

[0088] When the viscosity of the photocurable composition is 100 cP or less, recesses of a

fine pattern on a mold can be filled with the composition in a relatively short time

during the process of bringing the photocurable composition in contact with the mold

and therefore pattern defects caused by filling failure are decreased. When the

viscosity is 1 cP or higher, the photocurable composition can be more evenly applied

or, in the process of bringing the photocurable composition into contact with a mold,

the photocurable composition may be suppressed from flowing out from an edge of the

mold.

Surface tension of photocurable composition
[0089] The surface tension of the photocurable composition of this embodiment is

preferably 5 mN/m or more and 70 mN/m or less, more preferably 7 mN/m or more

and 35 mN/m or less, and most preferably 10 mN/m or more and 32 mN/m or less in

terms of the surface tension of a mixture of the components other than the solvent at 23

degrees (Celsius). At a surface tension lower than 5 mN/m, it may take a long time to

fill recesses of a fine pattern on a mold with the composition in the process of bringing

the photocurable composition into contact with the mold. At a surface tension higher



than 70 niN/m, the surface smoothness and flatness may be degraded.

Impurities in photocurable composition
[0090] The impurity content in the photocurable composition of this embodiment may be as

low as possible. Here, the "impurity" refers to those components other than the

component (A), the component (B), the component (C), and the additives described

above.

[0091] The photocurable composition may thus be obtained through a purification step. An

example of the purification step is filtration using a filter.

[0092] In performing filtration with a filter, for example, the component (A), the component

(B), the component (C), and additives used as needed are mixed and then the resulting

mixture is filtered through a filter having a pore size of 0.001 micrometers or more and

5.0 micrometers or less. The filtration may be conducted in multiple stages or repeated

many times. The filtrate may be filtered again. The filter used for filtration may be, for

example, a polyethylene resin filter, a polypropylene resin filter, a fluorine resin filter,

or a nylon resin filter but is not limited to these.

[0093] Performing such a purification step removes impurities such as particles in the pho

tocurable composition. As a result, it becomes possible to prevent defects in the pattern

resulting from undesirable irregularities due to impurities such as particles in the

photocured product obtained by curing the photocurable composition.

[0094] In the case where the photocurable composition of this embodiment is used for m an

ufacturing semiconductor integrated circuits, entraining of impurities (metal im

purities) containing metal atoms into the photocurable composition is to be avoided as

much as possible in order not to inhibit the operation of the product. In this case, the

metal impurity concentration in the photocurable composition is preferably 10 ppm or

less and more preferably 100 ppb or less.

[0095] Next, a method for producing a patterned film according to an embodiment is

described.

[0096] Figs. 1A to IF are schematic cross- sectional views showing an example of a method

for producing a patterned film according to this embodiment.

[0097] The method for producing a patterned film according to this embodiment includes:

(1) a placement step of placing the photocurable composition of the above-described

embodiment on a substrate;

(2) a mold contact step of bringing the photocurable composition into contact with a

mold;

(3) an irradiation step of irradiating the photocurable composition with light; and

(4) a mold releasing step of releasing the cured product obtained in the step (3) from

the mold.

[0098] The method for producing a patterned film according to this embodiment utilizes a



photo-imprinting technique.

[0099] A film obtained by the method for producing a patterned film according to this em

bodiment preferably has a pattern 1 nm to 10 mm in size and more preferably has a

pattern 10 nm to 100 micrometers in size. It should be noted here that a pattern

forming technique of forming a film having a nano-size ( 1 nm or more and 100 nm or

less) pattern (recesses and protrusions) by using light is called a photo-(nano)imprint

method. The method for producing a patterned film according to this embodiment

utilizes a photo-(nano)imprint method.

[0100] The above-described steps will now be described one by one.

Placement step (1)

[0101] In this step (placement step), as shown in Fig. 1A, a photocurable composition 1

which is the same as the photocurable composition according to the embodiment

described above is placed(applied) on a substrate 2 to form a coating film.

[0102] The substrate 2 on which the photocurable composition 1 is placed is a processing

substrate and is usually a silicon wafer.

[0103] The substrate 2 is not limited to a silicon wafer and may be freely selected from

substrates for semiconductor devices, such as those composed of aluminum, a

titanium-tungsten alloy, an aluminum- silicon alloy, an aluminum-copper- silicon alloy,

silicon oxide, and silicon nitride. A substrate that has been subjected to a surface

treatment (for example, silane coupling treatment, silazane treatment, organic thin film

deposition, or the like) to improve adhesion to the photocurable composition may used

as the substrate 2 (processing substrate).

[0104] Examples of the method for placing the photocurable composition of this em

bodiment on the substrate 2 include an ink jet method, a dip coating method, an air

knife coating method, a curtain coating method, a wire bar coating method, a gravure

coating method, an extrusion coating method, a spin coating method, and a slit

scanning method. The thickness of a pattern transfer-receiving layer (coating film)

differs depending on the purpose of use but is, for example 0.01 micrometers or more

and 100.0 micrometers or less.

Mold contact step (2) of bringing photocurable composition into contact

with mold
[0105] Next, as shown in Fig. IB, a mold 3 having an original pattern for transferring a

pattern shape is brought into contact with the coating film formed of the photocurable

composition 1 in the previous step (placement step). As a result of performing this step

of bringing the photocurable composition 1 into contact with the mold 3 (Fig. IB, part

(b-1)), recesses in the fine pattern on the surface of the mold 3 are filled with the

coating film (or some parts of the coating film) composed of the photocurable com-



position 1. Thus, a coating film 4 that fills the fine pattern of the mold is formed (Fig.

IB, part (b-2)).

[0106] The mold 3 is composed of a light-transmitting material because of the next step

(irradiation step). Examples of the material constituting the mold 3 include glass,

quartz, light transparent resins such as polymethyl methacrylate (PMMA) and poly

carbonate resins, transparent metal vapor-deposited films, flexible films such as poly-

dimethylsiloxane, photocured films, and metal films. In the case where a light

transparent resin is used as the material constituting the mold 3, a resin that does not

dissolve in the solvent contained in the photocurable composition 1 is preferably

selected. The surface of the mold 3 that comes into contact with the photocurable com

position is preferably hydrophilic since it becomes easier to form polar bonds between

the surface and the Rf groups, the secondary amine groups, and the tertiary amine

groups contained in the hydrogen donor serving as the component (C). More

preferably, the surface is composed of quartz.

[0107] The mold 3 may be surface-treated prior to the step of bringing the photocurable

composition in contact with the mold in order to improve the releasing property

between the photocurable composition 1 and the surface of the mold 3. An example of

the surface treatment method is a method in which a releasing agent is applied to the

surface of the mold to form a releasing agent layer. Examples of the releasing agent

applied to the surface of the mold include silicon releasing agents, fluorine releasing

agents, polyethylene releasing agents, polypropylene releasing agents, paraffin

releasing agents, montan releasing agents, and carnauba releasing agents. For example,

a commercially available application-type releasing agent such as OPTOOL DSX

produced by Daikin Industries Ltd., is suitable for use. These releasing agents may be

used alone or in combination. Among these, fluorine releasing agents are particularly

preferable.

[0108] In this step (mold contact step), as shown in part (b-1) of Fig. IB, the pressure

applied to the photocurable composition 1 in bringing the photocurable composition 1

into contact with the mold 3 is not particularly limited but is usually in the range of 0.1

MPa to 100 MPa, preferably in the range of 0.1 MPa to 50 MPa, more preferably in the

range of 0.1 MPa to 30 MPa, and most preferably in the range of 0.1 MPa to 20 MPa.

[0109] In this step, the time for which the photocurable composition 1 is contacted with the

mold 3 is not particularly limited but is usually in the range of 0.1 sec to 600 sec,

preferably in the range of 0.1 sec to 300 se , more preferably in the range of 0.1 sec to

180 sec, and most preferably in the range of 0.1 sec to 120 sec.

[01 10] This step may be performed in an air atmosphere, a reduced pressure atmosphere, or

an inert gas atmosphere. A reduced pressure atmosphere and an inert gas atmosphere

are particularly preferable since adverse effects of oxygen and moisture on photocuring



reaction can be avoided. Examples of the inert gas that can be used to perform the step

in an inert gas atmosphere include nitrogen, carbon dioxide, helium, argon, various flu-

orocarbon gases, or any mixture of these. In the case where this step is performed in an

atmosphere composed of a particular gas including air, the pressure may be in the

range of 0.0001 atm to 10 atm.

[0111] The mold contact step may be performed in an atmosphere composed of a gas that

contains a condensable gas (hereinafter may be referred to as "condensable gas at

mosphere"). In the present invention and specification, a condensable gas refers to a

gas that exists as a gas in the atmosphere before the photocurable composition 1 (shape

transfer-receiving layer) contacts the mold 3 (Fig. IB, part (b-1)) in the mold contact

step but becomes condensed and liquefies under capillary pressure generated due to the

pressure applied as the photocurable composition 1 (shape transfer-receiving layer)

contacts the mold 3 and the gas in the atmosphere fills the recesses of the fine pattern

on the mold 3 and the space between the mold and the substrate together with the

coating film (or some parts of the coating film).

[0112] When the mold contact step is performed in an atmosphere composed of a gas

containing a condensable gas, the gas filling the recesses of the fine pattern liquefies,

bubbles vanish, and thus the photocurable composition can highly fill the fine pattern.

The condensable gas may be dissolved in the photocurable composition.

[0113] The boiling point of the condensable gas may be any temperature not above the at

mosphere temperature of the mold contact step but is preferably in the range of -10

degrees (Celsius) to 23 degrees (Celsius) and more preferably in the range of 10

degrees (Celsius) to 23 degrees (Celsius). In this range, the effect of increasing the

filling property brought by the condensable gas is further enhanced.

[01 14] The vapor pressure of the condensable at an atmosphere temperature of the mold

contact step may be any pressure not over the mold pressure applied during the mold

contact step and is preferably in the range of 0.1 to 0.4 MPa. In this range, the filling

property is further enhanced. At a vapor pressure larger than 0.4 MPa at the a t

mosphere temperature, the effect of eliminating bubbles may not be always achieved.

If the vapor pressure at the atmosphere temperature is less than 0.1 MPa, pressure

reduction is necessary and the system tends to be complicated. The atmosphere tem

perature for the mold contact step may be any but is preferably in the range of 20

degrees (Celsius) to 25 degrees (Celsius).

[01 15] Examples of the condensable gas include fluorocarbons, e.g., chlorofluorocarbon

(CFC) such as trichlorofluoromethane, fluorocarbon (FC), hydrochlorofluorocarbon

(HCFC), hydrofluorocarbon (HFC) such as 1,1,1,3,3-pentafluoropropane (CHF2CH2CF

3, HFC-245fa, or PFP), and hydrofluoroether (HFE) such as pentafluoroethyl methyl

ether (CF3CF2OCH3 or HFE-245mc).



[01 16] Among these condensable gases, 1,1,1,3,3-pentafluoropropane (vapor pressure at 23

degrees (Celsius): 0.14 MPa, boiling point: 15 degrees (Celsius)), trichlorofluo-

romethane (vapor pressure at 23 degrees (Celsius): 0.1056 MPa, boiling point: 24

degrees (Celsius)), and pentafluoroethyl methyl ether are preferable from the

viewpoint of high filling property at an atmosphere temperature of 20 degrees (Celsius)

or higher and 25 degrees (Celsius) or lower in the mold contact step. From the

viewpoint of safety also, 1,1,1,3,3-pentafluoropropane is particularly preferable.

[01 17] The condensable gases may be used alone or in combination as a mixture. The gas

containing a condensable gas may be solely composed of a condensable gas or a gas

mixture containing a condensable gas and a non-condensable gas.

[0118] Examples of the non-condensable gas include air, nitrogen, carbon dioxide, helium,

and argon. From the viewpoint of the filling property, the non-condensable gas to be

mixed with a condensable gas may be helium. The non-condensable gas to be mixed

with a condensable gas is preferably helium because when the gases in the atmosphere

(condensable gas and helium) fill the recess of the fine pattern on the mold 3 in the

mold contact step together with the coating film (or some parts of the coating film), the

condensable gas liquefies while helium passes through the mold, thereby enhancing the

filling property.

Irradiation step (3) of irradiating photocurable composition with light
[0119] Next, as shown in Fig. 1C, the portion of the photocurable composition that comes

into contact with the mold, in particular, a coating film 4 filling the fine pattern of the

mold 3, is irradiated with light through the mold 3 (see part (c-1)). As a result, the

coating film 4 filling the fine pattern of the mold and irradiated with light through the

mold 3 turns into a cured film 6 (Fig. 1C, part (c-2)).

[0120] The light that irradiates the photocurable composition 1 constituting the coating film

4 filling the fine pattern of the mold 3 is selected in accordance with the sensitive

wavelength of the photocurable composition 1. In particular, an ultraviolet ray having a

wavelength in the range of about 150 nm to about 400 nm, an X-ray, an electron beam,

or the like may be used.

[0121] Among these, the light (radiation 5) irradiating the photocurable composition 1 is

preferably an ultraviolet ray. This is because many of the curing aids

(photopolymerization initiators) that are commercially available are sensitive to u l

traviolet rays. Examples of the light source of ultraviolet light include a high pressure

mercury lamp, an ultra high pressure mercury lamp, a low pressure mercury lamp, a

deep-UV lamp, a carbon arc lamp, a chemical lamp, a metal halide lamp, a xenon

lamp, a KrF excimer laser, an ArF excimer laser, and a F2 excimer laser. Among these,

an ultra high pressure mercury lamp is particularly preferable. The number of the light

sources to be used may be one or more. Irradiation may be performed on all or some



parts of the coating film 4 filling the fine pattern of the mold.

[0122] Irradiation may be performed intermittently two or more times or continuously on all

parts. Alternatively, a region A may be irradiated in a first irradiation process and then

a region B different from the region A may be irradiated in a second irradiation

process.

[0123] In this step, the polymerization reaction rate of the photocurable composition under

irradiation with light can also be evaluated.

[0124] The polymerization reaction rate of the photocurable composition by irradiation can

be measured, for example, with an attenuated total reflection infrared spectrometer

equipped with the irradiation mechanism shown in Fig. 2.

[0125] Referring to Fig. 2, a photocurable composition 14 is interposed between a diamond

ATR crystal 13 of the attenuated total reflection infrared spectrometer and a quartz

glass 15. The photocurable composition 14 is cured upon irradiation with light through

the quartz glass 15. An infrared ray 11 is applied to the diamond ATR crystal 13 and

an evanescent wave 16 that occurs within a several micrometer range above the

diamond ATR crystal 13 is detected with a detector 12. Several to several tens of at

tenuated total reflection infrared spectra of the photocurable composition 14 are

acquired per second.

[0126] As a result, the infrared spectra of the cured photocurable composition or the pho

tocurable composition in the course of curing can be acquired real-time. The poly

merization reaction rate of the photocurable composition can be evaluated by tracking

the change in peak intensity attributable to the polymerizable functional group of the

component (A) in the acquired infrared spectra.

Mold releasing step (4) of releasing cured product from mold
[0127] Next, the cured film 6 is released from the mold 3 so as to form a cured film 7 having

a particular pattern shape on the substrate 2.

[0128] In this step (mold releasing step), as shown in Fig. ID, the cured film 6 is released

from the mold 3. The reversed pattern of the fine pattern formed on the mold 3 in the

step (3) (irradiation step) constitutes the pattern of the patterned cured film 7.

[0129] The method for releasing the cured film 6 from the mold 3 may be any method that

does not physically destruct part of the cured film 6 during the release. The conditions

thereof are also not limited. For example, the substrate 2 (processing substrate) may be

fixed and the mold 3 may be moved away from the substrate 2 to perform releasing.

Alternatively, the mold 3 may be fixed and the substrate 2 may be moved away from

the mold 3 to perform releasing. Both the mold 3 and the substrate 2 may be moved in

opposite directions to perform releasing.

[0130] When the mold contact step is performed in a condensable gas atmosphere, the con

densable gas that has liquefied turns into a gas as the pressure at the interface between



the cured film and the mold decreases during the process of releasing the cured film

from the mold. As a result, the effect of decreasing the mold releasing force tends to be

enhanced.

[0131] A cured film having a desirable recess/protrusion pattern shape (the pattern shape

derived from the recesses and protrusions on the mold 3) can be obtained through a

production process including the steps (1) to (4) described above. The cured film can

be used as an optical component, e.g., a Fresnel lens or a diffraction lattice (the film

may also be used as a part of an optical component). In such a case, the optical

component can include at least the substrate 2 and the patterned cured film 7 on the

substrate 2.

Residual film removing step (5) of removing part of cured film
[0132] Although the cured film obtained in the mold releasing step (4) has a particular

pattern shape, a part of the film sometimes remains in a region other than where the

pattern shape is to be formed (hereinafter, such a part of the film is also referred to as a

"residual film"). In such a case, as shown in Fig. IE, the cured film (residual film) in

the regions to be removed is removed from the obtained patterned cured film so as to

obtain a cured pattern 8 having a desirable recess/protrusion pattern shape (pattern

shape derived from the recesses and protrusions of the mold 3).

[0133] An example of the method for removing the residual film is to remove the film

(residual film) that forms recesses of the cured film 7 by etching so as to expose the

surface of the substrate 2 at the recesses of the pattern of the cured film 7.

[0134] The etching method for removing the film at the recesses of the cured film 7 is not

particularly limited and a known method, for example, a dry etching method may be

employed. A dry etching apparatus known in the art may be used. The source gas for

dry etching is appropriately selected in accordance with the element composition of the

cured film, which is the film to be etched. Examples of the source gas include halogen

gases such as CF4, C2F , C3F8, CC12F2, CC14, CBrF3, BC13, PC13, SF , and Cl2, oxygen-

containing gases such as 0 2, CO, and C0 2, inert gases such as He, N2, and Ar, and H2

and NH3. These gases may be used in combination as a mixture.

[0135] A cured pattern 8 having a desirable recess/protrusion pattern shape (pattern shape

derived from the recesses and protrusions of the mold 3) can be obtained by the

production process including the steps (1) to (5) described above. An article having the

cured pattern can also be obtained. In the case where the cured pattern 8 is used to

process the substrate 2, a substrate processing step (step (6)) below is performed.

[0136] The cured pattern 8 may be used as an optical part (or a portion of an optical part)

such as a diffraction lattice or a polarizing plate so as to obtain an optical component.

In such a case, the optical component may include at least the substrate 2 and the cured

pattern 8 on the substrate 2.



Substrate processing step (6)
[0137] The cured pattern 8 having an recess/protrusion pattern shape obtained by the method

for producing a patterned film according to this embodiment can be used as a film for

an interlayer insulating film included in an electronic component such as a semi

conductor device, e.g., an LSI, a system LSI, a DRAM, a SDRAM, a RDRAM, or a D-

RDRAM. The cured pattern 8 can also be used as a resist film in the process of

producing a semiconductor device.

[0138] In the case where the cured pattern 8 is used as a resist film, only the parts of the

substrate where the surface is exposed by the etching step (5) (a region 9 in Fig. IE)

are etched or ion-implanted and electronic parts are formed on the substrate. As a

result, a circuit board that is constituted by a substrate 2 and a circuit structure 10 (Fig.

IF) based on the pattern shape of the cured pattern 8 and that can be used in semi

conductor devices and the like can be obtained. The cured pattern 8 functions as a

mask. A controlling mechanism for controlling the circuit board may be provided to

the circuit board so as to form an electronic component such as a display, a camera, or

medical equipment. Similarly, the cured pattern 8 may be used as a resist film and an

optical component may be obtained by performing etching or ion implantation.

[0139] Note that in preparing a circuit board or an electronic component, the cured pattern 8

may eventually be removed from the processed substrate. However, a structure that

includes the cured pattern 8 as a part of the component is also preferable.

Examples
[0140] The present invention will now be described in further detail by way of Examples

which do not limit the technical scope of the present invention.

Example 1
[0141] (1) Preparation of photocurable composition (a- 1)

[0142] First, a component (A), a component (B), a component (C), and a surfactant

component described below were blended to prepare a photocurable composition.

[0143] (1-1) component (A): a total of 100 parts by weight

<A-1> isobornyl acrylate (trade name: IB-XA produced by Kyoeisha Chemical Co.,

Ltd.): 61.6 parts by weight

<A-2> (2-methyl-2-ethyl-l,3-dioxolan-4-yl) methyl acrylate (trade name: MEDOL-

10 produced by Osaka Organic Chemical Industry Ltd.): 10 parts by weight

<A-3> hexanediol diacrylate (trade name: Viscoat #230 produced by Osaka Organic

Chemical Industry Ltd.): 22.4 parts by weight

[0144] (1-2) component (B): a total of 3 parts by weight

<B-1> Irgacure 651 (produced by BASF): 3 parts by weight

[0145] (1-3) component (C): hydrogen donor NIT-34 represented by formula (C-l) below:



0.5 parts by weight

[0146] [Chem.13]

c-i )

[0147] (1-4) surfactant component: pentadecaethylene glycol mono-

lH,lH,2H,2H-perfluorooctyl ether (F(CF 2) CH2CH2(OCH 2CH2)15
OH, produced by

DIC Corporation): 1.1 parts by weight

(2) Evaluation of photopolymerization rate by attenuated total reflection

infrared spectroscopy
[0148] About 10 microliters of the photocurable composition (a-1) was sampled and

dropped onto a diamond ATR crystal on an attenuated total reflection infrared spec

trometer to form a coating film. Then a quartz glass having a thickness of 1 mm was

placed on the coating film of the photocurable composition (a-1).

[0149] Light from an UV light source equipped with an ultra high pressure mercury lamp

was applied to the coating film through an interference filter described below and the

quartz glass for 10 seconds. The interference filter used in the irradiation was VPF-

25C-10-15-31300 (produced by Sigma Koki Co., Ltd.). The UV light used for ir

radiation was single wavelength ultraviolet light having a wavelength of 313 plus or

minus 5 nm and the illuminance was 1 mW/cm 2. In the irradiation step, the rate of

decrease in the number of acryl groups contained in the component (A) in the pho

tocurable composition (polymerization reaction rate of the component (A)) was

evaluated by the following method.

[0150] At the same time as starting the irradiation of the coating film, measurement of the

attenuated total reflection infrared spectra was started, and data was acquired 2.7 times

per second while continuing the irradiation. The minimum exposure (half decay

exposure) required for the area intensity of the peak at 810 cm 1 attributable to the acryl

groups in the component (A) to become half the initial value observed immediately

after start of the irradiation was 9.3 mJ/cm 2. This value was smaller than those of a

photocurable composition (b-1) of Comparative Example 1 and a photocurable com

position (b-2) of Comparative Example 2 described below. In other words, since the

photocurable composition (a-1) is satisfactorily cured in a short exposure time

compared to the photocurable compositions (b-1) and (b-2), a photo-nanoimprinting

method that uses the photocurable composition (a-1) can be considered as highly

productive.



(3) Measurement of mold releasing force
[0151] Mold releasing force was measured by the method described below.

(3-1) Placement step
[0152] Onto a 300 mm silicon wafer having an adhesion promoting layer 3 nm in thickness

as an adhesive layer, a total of 1440 droplets ( 11 pL per droplet) of the photocurable

composition (a-1) were dropped by an ink jet method. The droplets were dropped at

pitches substantially equal to one another in a region having a length of 26 mm and a

width of 33 mm.

(3-2) Mold contact step and irradiation step
[0153] A 28 nm line-and-space (L/S) pattern was formed in the photocurable resin com

position (a-1) on the silicon wafer and a quartz mold (26 mm in length and 33 mm in

width) not subjected to surface treatment was brought into contact with the pho

tocurable composition (a-1).

[0154] Thirty seconds after the quarts mold was brought into contact with the photocurable

composition (a-1), UV light was applied to the photocurable composition through the

quartz mold by using an UV light source (EXECURE 3000 produced by HOYA

CANDEO OPTRONICS CORPORATION) equipped with a 200 W mercury xenon

lamp. In applying the UV light, an interference filter (VPF-50C- 10-25-3 1300 produced

by Sigma Koki Co., Ltd.) that selectively transmitted light with a wavelength of 313

plus or minus 5 nm was interposed between the UV light source and the quartz mold.

The illuminance of the UV light directly below the quartz mold was 38.5 mW/cm 2 for

light having a wavelength of 313 nm. The UV light was applied for 0.75 seconds under

these conditions.

(3-3) Mold releasing step
[0155] Next, the quartz mold was pulled up at 0.5 mm/s to release the photocured film from

the mold. The force required to release the cured film from the mold was measured by

using a compact tension/compression load cell (LUR-A-200NSA1 produced by Kyowa

Electronic Instruments Co., Ltd.). In actual measurement, the mold releasing force

measurement was conducted three times under the same conditions and the average

was calculated from the measurement data. As a result, the average mold releasing

force was 59.0 N. This was lower than that of the photocured product prepared from

the photocurable composition (b-1) in Comparative Example 1 described below.

Comparative Example 1
[0156] A photocurable composition (b-1) was prepared as in EXAMPLE 1 except that the

component (C) (hydrogen donor) was not added.

[0157] The photopolymerization rate of the photocurable composition (b-1) was measured

as in EXAMPLE 1. The half decay exposure was 13.8 mJ/cm 2.



[0158] The average mold releasing force for the photocured product obtained from the pho

tocurable composition (b-1) was measured as in EXAMPLE 1. The average mold

releasing force was 63.4 N.

Comparative Example 2
[0159] A photocurable composition (b-2) was prepared as in EXAMPLE 1 except that 0.5

parts by weight of a known hydrogen donor N-phenyl glycine was added instead of the

component (C) (hydrogen donor).

[0160] The photopolymerization rate of the photocurable composition (b-2) was evaluated

as in EXAMPLE 1. The half decay exposure was 11.7 mJ/cm 2.

[0161] While the present invention has been described with reference to exemplary em

bodiments, it is to be understood that the invention is not limited to the disclosed

exemplary embodiments. The scope of the following claims is to be accorded the

broadest interpretation so as to encompass all such modifications and equivalent

structures and functions.

[0162] This application claims the benefit of Japanese Patent Application No. 2013-099551,

filed May 9, 2013, which is hereby incorporated by reference herein in its entirety.
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Claims
A compound represented by general formula (1) below:

[Chem.l]

General formula (1)

where Rf represents an alkyl group at least part of which is substituted

with fluorine, R0 represents an oxyalkylene group or a repeated

structure of an oxyalkylene group, N represents a nitrogen atom, RA

represents an alkyl group, and RB represents an alkyl group or a

hydrogen atom.

The compound according to Claim 1, wherein R0 represents a repeated

structure of an oxyethylene group or an oxypropylene group.

The compound according to Claim 1 or 2, wherein RB represents an

alkyl group.

The compound according to Claim 3, wherein RA and RB each represent

a linear alkyl group having 1 to 5 carbon atoms.

The compound according to Claim 1, wherein the compound rep

resented by general formula (1) is a compound represented by general

formula (5) below:

[Chem.5]

where a represents an integer in a range of 1 to 25, b represents an

integer in a range of 0 to 25, c represents an integer in a range of 1 to

25, Ri represents an alkyl group, and R2 represents an alkyl group or

hydrogen.

The compound according to Claim 5, wherein a, b, and c in general

formula (5) each independently represent an integer in a range of 1 to

10.

The compound according to Claim 5 or 6, wherein b in general formula

(5) represents an integer in a range of 1 to 5.

The compound according to any one of claims 5 to 7, wherein R2 in

general formula (5) represents an alkyl group.

The compound according to Claim 8, wherein Ri and R2 in general
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formula (5) each represent a linear alkyl group having 1 to 5 carbon

atoms.

A photocurable composition comprising:

a component (A) which is a polymerizable compound;

a component (B) which is a photopolymerization initiator; and

a component (C) which is a hydrogen donor and which is the

compound according to any one of Claims 1 to 9.

A method for producing a patterned film, the method comprising:

a placement step of placing the photocurable composition according to

Claim 10 on a substrate;

a mold contact step of bringing the photocurable composition into

contact with a mold having an original pattern for transferring a pattern

shape;

an irradiation step of irradiating the photocurable composition with

light to form a cured film; and

a mold releasing step of releasing the cured film from the mold.

The method according to Claim 11, wherein a surface of the original

pattern of the mold has hydroxyl groups.

The method according to Claim 12, wherein the surface of the original

pattern of the mold is composed of quartz.

The method according to Claim 11, wherein the mold contact step is

performed in an atmosphere composed of a gas containing a con

densable gas.

The method according to Claim 14, wherein the gas containing the con

densable gas is a gas mixture containing helium and the condensable

gas.

The method according to Claim 14 or 15, wherein the condensable gas

is 1,1,1,3,3-pentafluoropropane.

A method for producing an optical component, the method comprising:

a step of obtaining a patterned film on a substrate by the method

according to any one of Claims 11 to 16.

A method for producing an optical component, the method comprising:

a step of obtaining a patterned film by the method according to any one

of Claims 11 to 16; and

a step of etching or ion-implanting the substrate by using a pattern

shape of the obtained patterned film as a mask.

A method for producing a circuit board, the method comprising:

a step of obtaining a patterned film by the method according to any one



WO 2014/181533 PCT/JP2014/002399

of Claims 11 to 16;

a step of etching or ion-implanting the substrate by using a pattern

shape of the obtained patterned film as a mask; and

a step of forming an electronic part on the substrate.

[Claim 20] A method for forming an electronic component, the method

comprising:

a step of obtaining a circuit board by the method according to Claim

19; and

a step of connecting the circuit board to a controlling mechanism for

controlling the circuit board.

[Claim 21] A cured product obtained by curing the photocurable composition

according to Claim 10.
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