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PHOTOCURABLE COMPOSITION AND METHOD FOR PRODUCING MOLDED
PRODUCT WITH FINE PATTERN

Description

[0001] The present invention relates to a photocurable composition and a method for producing a moided product
with & fine pattern on its surface.

[0002] As a methed of forming a fine pattern in a short time in production of optical members, recording media,
semiconductor apparatus, etc., a method (& nanoimprint method) has been known of pressing a mold having a pattern
reverse of the fine pattern on its surface on a photocurable composition disposed on the surface of a substrate and
irradiating the photocurable compesition with light to cure the photocurable compesition thereby to ferm a fine pattern
on the surface of the substrate (Patent Documents 1 and 2).

[0003] However, in this method, since the cured product of the photocurable compasition is attached to the mold, it
is difficult to separate the cured product and the mold, Accordingly, it Is necessary to apply a mold release agent to the
surface of the mold. However, it will be difficult to precisely transfer the reverse pattern of the mold due to the thickness
of the mold release agent itself, uneven coating of the mold release agent, efc. As a photocurable composition from
which a cured product with fine mold release characteristics can be formed, the following has been proposed.

{1) A photocurable composition comprising & fluorinated monomer, a monomer containing no flucring, a fluorinated
surfactant or a fluorepolymer, and a pcllymerization initiator (Patent Docurnent 3).
1

[0004] However, & cured produci of the photocurable composition (1) contains a flusromanomer and a fluorinated
surfactant or & fluoropolymer and thereby has low mechanical strength. In order to obtain a molded product having a
fine pattern in nanometer order, durability with which the pattern shape is maintained is required. Accordingly, a photo-
curable composition from which & cured product with high mechanical strength can be obtained has been required.
Further, in production of semiconductor apparatus also, a resist is required to have high dry etching resistance and in
addition, particularly for & fine patiern at the nana level, a photocurable composition from which a cured product with
high mechanical strength to maintain the pattern shape can be obtained has been required.

Patent Document 1: U.S, patent 6,696,220
Patent Document 2; JP-A-2004-071934
Patent Document 3; WO2006/1 14958

[0005] The object of the presentinventionis to provide a photocurable composition from which a cured product excellent
fn mold release characteristics and mechanical strangth can be obtained, and a method for producing a molded product
excellent in durability, with a fine pattern having a reverse pattem of & mold precisely transferred on its surface,
{0006] The photocurable composition of the present invention is characterized by comprising & compound {A) which
is an aromatic compound having at least two rings or an alicyclic compound having at least two rings and which has two
(meth)acryloyloxy groups, a compound (B) having a fluorine atom and having at lezst one carbon-carbon unsaturated
double bond {excluding the compound {A)), a compound (C) having one {meth)acryloyioxy group (excluding the com-
pound (B)) and a photepalymerizationinitiator (D), in amounts of the compound (A} of from 15 to 60 mass%, the compeund
(B} of from & to 40 mass%, the compound (C) of from 10 to 55 mass% and the photopolymerization initiator (D) of frem
1 to 12 mass% based on the total amount (100 mass%) of the compound (A), the compound (B), the compound (C) and
the photopolymerizaticn initiator (D), and which further contains a fluorinated susfactant {G) in an amount of from 0.1 to
3 parts by mass per 100 parts by mass of the total amount of the compound (A}, the compound (8), the cempound (C)
and the photopolymerization initiator (D}, the amount of the compound (B) being from 0.5 to 100 times the total mass
of the flucrinated surfactant {(G)

{0007] The photocurable composition of the present invention preferably contains substantially no solvent.

[0008] The photocurable compesition of the present invention preferably further containg a compound (E) having two
{meth)acryloyioxy groups (excluding the compounds {A) and (B}) in an amount of from 5 to 30 parts by mass per 100
parts by mass of the total amount of the compound {4), the compaund (B}, the compound (C) and the photopolymerization
initiator (D).

foo0s] The photocurabie composition of the present invention preferably further contains a compound (F) having at
least three (meth)acryloyloxy groups (excluding the compound (B)) in an amount of from & to 90 parts by mass per 100
parte by mass of the total amount of the compound {A), the compound {B}, the compound (C) and the photopolymerization
initiator (D).

f0010] The photocurable compaosition of the present invention preferably further contains a fiuoropolymer (H) in an
amount of frem & te 25 parts by mass per 100 parts by mass of the total amount of the compound (A}, the compound
(B}, the compound (C) and the photopolymerizatian initiator (D), the amount of the compound (B) being from 0.5 to 100

times the total mass of the fluoropalymer (H).
[0011] The method for producing a molded product with a fine pattern on its surface of the present invention is
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characterized by comprising a step of bringing the photocurable composition of the present Invention Into contact with
the surface with a pattern reverse of the fine pattern of a mold having the reverse pattern formed on its surfacs, a step
of irradiating the photocurable composition with light in a state where the photocurable cornposition is in contact with
the surface of the mold to cure the photocurable compoesition thereby to obtain a cured product, and a step of separating
the mald from the cured product to obtain the molded product with a fine pattern on its surface.

[0012] The method for producing a malded product with a fine pattern on its surface of the present invention is
characterized by comprising & step of disposing the photocurable composition of the present invention to the surface of
a substrate, a step of pressing a mold having a pattern reverse of the fine pattern on its surface on the photocurable
composition so that the reverse pattern of the mold is in contact with the photocurable composition, a step of irradiating
the photocurable composition with light in a state where the mold is pressed on the photocurable compasition to cure
the photocurable composition thereby to obtain a cured product, and a siep of separating the mold, or the substrate and
the mold, from the cured product to obtain the melded product with a fine pattem on its surface.

[0013] The method for producing a molded product with a fine pattern on its surface of the present invention is
characterized by comprising a step of disposing the photocurable composition of the present invention to the surface
with a pattern reverse of the fine pattern of a mold having the reverse pattern formed on its surface, a step of pressing
a substrate on the photocurable cemposition, a step of irradiating the photocureble compositien with light in a state
where the substrate is pressed on the photocurable composition to cure the photacurable composition thereby to obtain
a cured praduct, and a step of separating the mold, or the substrate and the mold, from the cured product to obtain the
molded product with a fine pattern on its surface.

[0014] The method for producing a molded product with a fine pattern on jts surface of the present invention is
characterized by comprising a step of bringing a substrate and a mold having z pattern reverse of the fine patteron its
surface info close to or into contact witch each other so that the reverse pattern of the mold is on the substrate side, a
step of filling the photocurable compaosition of the present inventicn between the substrate and the mold, a step of
irradiating the photocurable composition with light in a state where the substrate and the mold are close to or in contast
with each other to cure the photogurable composition thereby to obtain a cured product, and a step of separating the
mold, orthe substrate and the mold, from the cured product to obtain the molded product with a fine pattern on its surfacs.
[0015]  According to photocurable composition of the present invention, a cured product excellent in meld release
characteristics and mechanical strength can be obtained.

[0016] According to the method for producing a molded product with a fine pattem on its surface, a molded product
excellent in durabiiity, with & fine pattemn having a reverse pattern of & mold precisely transfarred on its surface, can be

produced,

Fig. 1is a cross section fliustrating one example of the method for producing a molded product with a fine pattern

on its surface,
Fig. 2 is a cross section illustrating another example of a method for producing a molded product with a fine pattern

on its surface.
Fig. 3 Is a cross section illustrating one example of a moided product with a fine pattern on its surface.

Fig. 4 is a cross section illustrating another example of a melded product with a fine pattern on its surface.

MEANINGS OF 8YMBOLS

‘ [001}]

10:  mold

12:  reverse pattemn

20:  photocurable compositicn
30:  substrate

40:  molded product

42:  cured product

44:  fine pattern

(0018} In the present specification, a compound represented by the formuta (A1) will be referred to as a compound
(AT). The same epplies to compounds represented by other formulae. Further, in the present specification, a {meth)
acryloyloxy group means an acryloyloxy group or a methacryloyloxy group. Further, in the present specification, a {meth})
acrylate means an acrylate or a methacrylate.
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(Photocurable composition)

[0019] The phatocurable compesition of the present invention is a compesition comprising compounid {A} to (C) and
aphotopolymerizationinitiator (D} are a fluorinated surfactant (@) and as the case requires, further containing a compound
(E}, a compound (F), a fluoropolymer (H) or other additives.

Compeund (A): A cempound which s an arematic compound having at least two rings or an alicyclic compound
having at least two rings and which has two (meth)acryloyloxy groups.
'Compound (B): A compound having a fluorine atom and having at least one carbon-carbon unsaturated dauble
bond {excluding the compound (A)).

Compound (C): A compound having one {meth)acryloyloxy group (excluding the compound (B)).

Compound (E): A cempound having two {meth)acryloyloxy groups {excluding the compounds (A) and (B)).
Compaund (F): A compound having at least three (meth)acryleyloxy groups (excluding the compound (B)).

[0020] The viscosity of the photocurable composition of the present invention at 25°C is preferably from 0.1 to 300
mPa:-s, particularly preferably from 1 to 200 mPa-s. When the viscosity of the photachrable composition is within this
range, the photocurable cormposition and the surface wi'th a reverse pattern of a mold can easily be contacted without
any special operation (for example, an operation of heating the photocurable compasition to high temperature to make
it have a low viscosity).

{0021] The photocurable composition of the present invention preferably contains substantially no solvent. When the
photocurable composition contains substantially no salvent, curing of the photocurable composition can easily be carried
out without any special operation excluding Irradiation with light (for example, an operation of heating the photocurable
composition ta high temperature to remove the solvent).

[6022) The sclvent is & compound other than the compounds {A) to (C), the photopolymerization initiater (D), the
compound (E), the compound (F), the fluorinated surfactant (G), the fluoropolymer {H) and other additives and is g
compound capable of dissolving any of the compounds (A) to {C), the photopelymerization initiator (D), the compound
(E), the compound {F), the fluorinated surfactant {G), the fluoropalymer (H) and other additives.

[0023] Containing substantialiy no solvent means a case where no solventis contained at all, ora case where a solvent
only in an amount of preferably at most 1 mass%, particularly at most 0.7 mass% is centained in the photocurable
composition (100 mass%). Particularly in the present invention, the solvent used in preparation of the photocurable
composition may be contained as the remaining solvent, but even in such a case, the rernaining solvent is preferably
removed as far as possible, and its amount is praferably at most 1 mass% in the photocurable composition (100 mass%).

(Compound {A))

[0024] The aromatic compound having at least two rings is & compound having at least two benzene rings, and the
at least two benzene rings may form a condensed ring (e.g. a naphthalene ring or an anthracene ring). The aromatic
cempound may, for example, be a compound having a bisphenol skelfeton, a compound having a naphthalene skeleton
or a compound having a fluorene skeleton.

fo025] The alicyelic compound having at least two rings is a compound having at least two hydrocarben rings with no
aromaticity, and may be a polyeyclic compound having a bridge formed in one ring. Such a pelycyclic compeund may,
for example, be a compound having a tricyclodecane skeleton containing an adamantane skeleton, 2 compound having
a decalin skeleton, a compound having a narbornene skeleton or a compound Having an isoborny] skeleton,

[0026] Asthe compaund (A), the following compounds may be mentioned,

[0027] Bisphenol (A} dilmeth)acrylate, medified bisphenol (A) di{meth)acrylate (e.g. ethoxylated bisphenel (A) difmeth)
acrylate, propoxyizted bisphenol A difmeth)acrylate, propoxylated ethoxytated bisphenol (A} di{meth}acrylate, bisphenol
A glycerolate diimath}acrylate or bisphenol {A) propoxylate glycerolate di (meth) acrylate, ethoxylated bisphenal F di
{msthjacrylate, tricyclodecanedimethanel di{meth)acrylate, fluarene di(meth)acrylate, ate.

[0028] As the compound {A), in view of compatibility, particularly preferred is tricyclodecanedimethanol di{meth)acr-
ylate, medified bispheno! A di(meth)acrylate (e.g. ethoxyizted bisphenol A di{meth)acrylate, propoxylated bisphenol A
di(meth}acrylate, propoxylated ethoxylated bisphenol A di(meth)acrylate, bisphenol A glycerolate difmeth)acrylate or
bispheno! A propoxylate glycerolate difmeth)acrylate) or ethoxyleted bisphenol F di{meth)aciylate.

[0029] The compounds (A) may be used alone orin combination of two or more.

[0030] The content of the compound {A} is from 15 to 60 mass%, preferably from 20 to 45 mass% based on the tota!
amount {100 mass%) of the compound (A), the compound {B), the compound (C) and the photopolymerization initiator
(D). When the content of the compound (A) is at least 15 mass?%, a cured product excellent in mechanicat strength will
be obtained. When the content of the compound (A) is at most 80 mass%, a cured product will not be fragile.
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{Compound (B))

[0031]  The compound (B) may, forexample, be aflucro{meth)acrylate, a flucrodiene, a fluorovinyl etherorafluorocyclic
monomer, and in view of compatibility, preferred is a fluoro(meth)acrylate or a fluorodiene.

[0032] As the fluoro{meth)acrylate, the following compounds may be mentioned,

[0033]  3-(Perfiuoro-3-methylbutyl)-2-hydrexypropyl{meth)acrylate, 2.2,2-trifluore-1-(triflucrornethyliethylimeth)acr-

ylate,

CHy=CHCOO(CH,},(CFa)yoF,
CHp=CHCOO(CH,),(CFy)sF
CH,=CHCOO(CH,),(CFo)gF,
CHo=C({CHgICOO(CH,)o(CFo)yoF,
CHy=C(CHZ)CO0(GH,)5(CF,)qF,
CH,=C(CHg)COO(CH,)o{CF,)4F,
CH,=CHCOOCH,(CF,)4F,
CH,=C(CH,)COOCH,(CF,)gF,
CH,=CHCOOCH,{CF,), F,
CHz=C{CHg)COOCH,(CFy),F,
CHp=CHCOOCH,CF,CF,H,
CHz=CHCOGCH,(CF,CF,),H,
CH3=CHCOOGH,(CF,CF,)4H,
CH=C(CH,)COOCH,(CF,CF,) H.
CHz=C{CH3)COOCH,{CF,CF,).H,
CHp=G(CH3) COOCH,(CF,CF,),H,
CHy=CHCOOCH,CF,0CF,CF,OCF,,

|
CHy=CHCOOCH,CF,0(CF,CF,0)4CF,,
CHo=C(CHg)COOCH,CF,0CF,CF,0CF,,
CH,=C(CH,)COOCH,CF,O(CF,CF,0)4CF,,
CH,o=CHCOOCH,CF(CF,)OCF ;CF(CF5)0(CFy)4F,
CHy=CHCOOCH,CF(CF4)O(CF,CF(CF4)0)o(CF,)4F,
CHp=C(CH)COOCH,CF(CF4)OCF,CF(CFa)0(CF,)4F,

CHy=C(CH3)COOCH,CF(CF3)0(CF,CF(CF3)0),{CF,),F,

CHy=CFCOOCH,CH(OH)CH,(CF,)sCF(CFa)y,
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CHa=CFCOOCHCH(CH,OH)CH,(CF)gCR(CF3)s,
CHy=CFCOOCH,CH{OH)CH,(CFy)1oF,

CHz=CFCOOCH,CH(CH,OH)CH,(CF,)44F,

CHy=CHCOOCH,CF,{OCF,CF,), 0CF,CH;0C0CH=CH, (where nis an integer of from 4 to 20), etc.

[06034] Asthe fluoro(meth}acrylate, in view of compatibility and envirenmental characteristics, preferred is a compound
(Bi):

R1 RZ R4 !
1 | |
CHp=C—C~0-—C~—-C—R®  (B1)
B s |1 ks
m n

wherein R1is a hydrogen atom or a methyl group, each of R and R¥ is a hydrogen atom or a C,._, alkyl group, each of
R4 and RS is a fluorine atom, a Cy_4 perfluoroalkyl group or a C,_, perfluoroalkoxy group, RE is a hydrogen atom cr a
fluorine atom, m is &n integer of fram 1 to 4, and n is an integer of from 1 to 16. n is preferably an integer of from 1 to
10 In view of compatibility, mora preferably an Integer of from 3 to 6 In view of environmenta! characteristics.
[0035] As the flucrodiene, the following compounds may be mentiened.

CF,=CFOCF,CF=CF,,

CF,=CFOCF,CF,CF=CF,,

CF=CFCF,CF=CF,,

CF=CFCF,CH=CH,,

CF,=CFCF,C{CF4)(CH)CH,CH=CH,,

CF,=CFCF,C(CFa){OH)CH=CH,,
[0036] As the flucrovinyl ether, the following cempounds may be mentioned.

CFy=CFO({CF,)5F,

CF»=CFO(CF,);CO0CHS,

ete.
foo37] As the fluoroeyclic monomer, the foliowing campounds may be mentioned.
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/CF3

FC=CF PO BL—CF
' FC=C 0O 0
o, O I N
/C\ O\ /O I
FiC' CF3 CFa CF,

[0038] The compounds (8) may be used alone or in combination of two or more.

[0039] The content of the compound (B) is from 5 to 40 mass%, preferably from 15 to 35 mass% based on the total
amount (100 mass%) of the compound (A), the compound (B), the compound (C) and the photopolymerization initiator
(D). When the content of the eompound (B) is at least 5 mass%, a cured product excellent in mold release characteristics
wili be obtained, and foaming of the photocurable composition will be suppressed. When the foaming of the photocurable
cormposition can be suppressed, filtration will easlly be carried out at the ime of preparation, and defects of the pattern
shape due to inclusion of bubbles can be eliminated at the time of nancimprinting. When the content of the compound
(B) is at most 40 mass%, uniform mixing will be carried out, whereby a cured product excellent in mechanical strength

will be obtained.

(Compound (C)}

[0040] The compeund (C) is a comporient to dissclve other components and is a component which improves com-
patibility between the compound (A) and the compound (B). When the compound {A) and the compound (B} are highly
compatible with each other, preparation of the photocurable comgosition will be easy since foaming at the time of
preparation of the phatocurable compesition will be suppressed, whereby filtration through & filter will easily be carried
out, and further, a uniform photocurable composition will be obtained. Further, a homogenecus cured product will be
obtained, whereby sufficient mold release characteristics and mechanical strength will be cbtained.

[0041] The viscosity of the compound (C) at 25°C is preferably from 0.1 to 200 mPa-s. When the viscosity of the
compound (C) is within this range, the viscosity of the photocurable composition will easily be adjusted to be low.
{0042] As the compeund (C), the following compounds may be mentioned.

[0043) Phenaxyethyl (meth)acrylate, 2-hydroxy-3-phenoxypropyl {meth) acrylate, phenoxyethylens glycol {(meth)acr-
ylate, phenoxydiethylene glycol (meth) acrylate, benzyl (methjacrylate, methoxytriethylene glycol {methjacrylate, meth-
oxypolyethylene glycol {meth)acrylate, 2-{meth)acryloyloxyethylhexahydrophthalic acid, behenyl (meth)acrylate,
2-{meth)acryloyloxyethylsuccinic acid, stearyl {meth)acrylate, isostearyl (meth)acrylate, lauryl {meth)acrylate, 2-ethyl-
hexyl (methjacrylate, 3-(trimethoxysilyl}propyl (meth)acrylate, butyl (meth)acrylate, ethoxyethyl (meth)acrylate, meth-
oxyethyl {meth)acrylate, glycidyl (meth)acryiate, tetrahydrofurfuryl (meth)acrylate, aliyl (meth)acrylate, 2-hydroxyethyl
{meth)acrylate, 2-hydroxypropyl (meth)acrylate, N,N-diethylamiroethyl {meth)acrylate, N,N-dimethylaminoethyl (meth)
acrylate, dimethylaminoethyl (meth)acrylate, 2-methyl-2-adamantyl (meth)acrylate, 2-ethyl-2-adamantyl {meth)acrylate,
3-hydroxy-1-adamantyl (meth)acrylate, 1-adamantyi (meth)acrylate, isobornyl {meth)acrylate, p-carboxyethyl {meth)
acrylate, octyl (meth)acrylate, decyl (meth)acrylate, 2-{tert-butylamino)ethyl (meth)acrylate, 1,2,2,6,6-pentamethyl-4-
piperidyl (meth)acrylate, n-butyl {meth)acrylate, tert-butyl {meth)acrylate, 4-ten-butyleyclohexy! {meth}acrylate, et
[0044] The compounds (C) may be used alone or in combination of twa or more,

[0045] The content of the compound (C) is from 10 to 55 mass%, preferably from 15 to 45 mass% based on the total
amount {100 mass%) of the compound (A}, the compound (B), the compound {C) and the photepolymerization initiator
(D). When the content of the compound (C) is at least 10 mass%, the viscosity of the photocurable cormposition can be
adjusted to be low, and the compound (A) and the compound (B) will be highly compatible. When the content of the
compound (C} is at most 55 mass%, the sensitivity will be favorable, and the crosslinking density will increase, whereby
a cured product excellent in mechznical strength will be obtained,

{Photopolymerization initiator (D))

[0046] The photepolymerization Initiator {B) may, for example, be an acetophencone photopolymerization initiator, a
benzoin photopolymerization initiator, a henzophenone photopolymerization initiator, a thioxantone photopolymerization
initiator, an o-aminoketone photopolymerizatior: initiator, an a-hydroxyketone photopelymerization initiater, an c-acy-
loxime ester, benzyl-(o-ethoxycarbonyl)-a-monooxime, acylphosphine oxide, glyoxyester, 3-ketocoumarin, 2-ethylan-
thraquinone, camphorquinone, tetramethylthiuram suifide, azobisisobutyronitrile, benzoyl peroxide, dialkyl peroxide or
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tert-butyl peroxypivalate, and in view of sensitivity and compatibility, preferred is an acetophenone photopolymerization
initiator, & benzoin phetopolymerization initiator, an a-aminoketone photopolymerization inifiator or & benzophenone
photopolymerization initiator,

[0047] As the acetophenone photopolymerization Initiator, the following compeunds may be mentioned.

[0048]  Acetophenone, p-(tert-butyl}1',1',1"-trichloroacetophenone, chlaroacetophenone, 27,2 diethoxyacetophenone,
hydroxyacetophenone, 2,2-dimethoxy-2™-phenylacetophenone, 2-aminocacetophenone, dialkylaminoacetophenone, eic.
[0049} As the benzoin photopolymerization initiator, the following compounds may be mentioned.

[0050] Benzyl, benzoin, benzoin methyt ether, benzain ethyt ether, benzoin isopropy! ether, benzoin isobuty! ether, 1-
hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-phenyl-2-methyipropan-1-one, 1-(4-isopropylphenyl}-2-hy-
droxy-2-methylpropan-1-one, benzyl dimethyl ketal, stc.

[0051] Asthe o-aminoketone photopolymerization initiator, the following compounds may be mentioned.

[0052] 2-Benzyl- 2-dimethylamino- 1-(4- momhalinophenyl)-butancne- 1,2- methyl- 1 [4-{methylthio) phenyl]- 2- mor-
pholinopropan-1-one, etc,

[0053] As the benzophenone photopolymerization initiater, the fallowing compounds may be mentioned.

[0054} Benzophenone, benzaylbenzoic acid, methyl benzoylbenzoate, methyl-o-benzoylbenzoate, 4-phenylbenzo-
phenone, hydroxybenzophenone, hydroxypropylbenzophenone, acrylbenzophenone, 4,4'-bis{dimethylamino)benzo-
phenane, etc. '

[0055]  The photeopolymerization initiators (D) may be used alone or in combin'ation of two or more.

[0056] The content of the photopolymerization initiator (D) 1s from 1 to 12 mass%, preferably from 4 to 10 mass%
based on the total amount {100 mass%) of the compound {A), the compound (8), the compound {C) and the photapo-
lyrerization initiater (D). When the content of the photopelymerization initiator (D) is at least 1 mass%, a cured product
will ezsily be obtained without an operation such as heating. When the content of the photapolymerization initiator (D)
is at most 12 mass%, uniform mixing is possible, whereby tha amount of the photopelymerization initiator (D) remaining
Tn a cured product will be small, and accordingly & decrease in physical properties of the cured product will be suppressed.

(Compound (E))

[0057] The compound {E) is a component to dissolve other components and to improve mechanical strength of a
cured preduct. When the compound (E) is a giycol compound, flexibility of the cured preduct will improve in addition.
[0058} Asthe compound (E}, the following compounds may be mentiched.

[0059] Ethylene glycol di{meth)acrylate, dipropylene glycol di{meth}acrylate, 1,3-butanediol diimethjacrylate, 1,4-bu-
tanediol di{meth)acrylate, glycerel 1,3-diglycerolate di(meth)acrylate, 1,6-hexanediol ethoxylate di{meth)acrylate, 1,8-
hexanediol propoxylate di{meth)acrylate, 1,6-hexanediol di{meth)acrylate, 3-hydroxy-2,2-dimethylpropienate di(meth)
acrylate, 1,9-nenanediol gifmeth)acrylate, 1,10-decanediol dijmeth)acrylate, diethylene glycol diimeth)acrylate, neo-
pentyl glycol diimeth}acrylate, neopentyl glycol propoxylate di{meth)acrylate, palyethylene glycol di{meth)acrylate, pro-
pylene giycol di{methjacryiate, glycerol di(meth}acrylate, propylene glycol glycerolate di{meth)acryiate, polypropylene
glycol difmeth)acrylate, polyoxyethylene glycol di{meth)acrylate, tripropyiene glycol di(meth)acrylate, triethylene glycol
difmeth)acrylate, tetracthylene glyeol difmeth)acrylate, tripropylene glycol glycerolate di{meth)acrylate, 2-hydroxy-3-
acryloyloxypropyl {meth)acrylate, 2-methyl-1,3-propanediol diacryiate, trimethylolpropanebenzoate di{meth)acrylate,
pentaerythritol di{meth)acrylate monostearate, trimethylolpropane ethaxylate methyl ether di{meth)acrylate, divrethane
di(meth)acrylate, 1,3-bis{3-methacryloyloxypropyl)-1,1,3,3-tetramethyldicyloxane, efc.

[0060] The cormpounds (E) may be used alone or in combination of two or more.

[0061] The content of the compound (E} is preferably from 5 to 30 parts by mass, more preferably from 10 to 25 parts
by mass per 100 parts by mass of the total amount of the compound (A}, the compound {B), the compound (C) and the
photopolymerization initiator {D). When the content of the compound (E) is at least 5 paris by mass, sensitivity of the
photocurable composition will irmprove. When the content of the compound (E) is at most 30 parts by mass, compatibility
of the respective compenents will be favorable,

{Compound (F))

[0062] The compound (F) is a component to improve mechanical strength {hardness) of a cured product,

[0063] As the compound {F), the fallowing compounds may be mentioned.

[0064] Tri(meth)acrylate: trimethylolpropane tri(meth)acrylate, trimethylolpropane ethoxy tri{meth)acrylate, polyether
trifmeth)acrylate, glycerol propoxy tri(meth)acrylate, pentaerythritol trifmeth)acrylate, ethoxylated isocyanurate triacr-
ylate, ethoxylated trimethylolpropane triacrylate, propoxylated trimethylalpropane triacrylate, etc.

[0065] Tetra(meth)acrylate: pentaerythritol tetra (meth) acrylate, pentaerythritolethoxy tetra{meth)acrylate, ditrimeth-
ylolpropane tetra (meth) acrylate, propoxylated pentaerythritol tetraacrylate, etc.

fooss] Dipentaerythritol hexa(meth)acrylate, aromatic urethans tri{meth}acrylate, aromatic urethane tetra{meth)acr-
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ylate, aromatic urethane hexa(meth)acrylate, etc.

[0087] The compounds {F) may be used alane or in combination of two ar more.

[0068] The content of the compound {F) is preferably from 5to 90 parts by mass, more preferatly from 10 to &0 parts
by mass per 100 parts by mass of the total amount of the cornpound (A), the comnpound (B), the compound (C) and the
phetopalymerization Initiator (D). When the contant the compound (F) is at least 5 parts by mass, mechanical strength
of a cured product will improve. When the content of the compound (F) is at most 30 parts by mass, the viscosity of the
photocurable composition can be suppressed low.

[0069] The total amount of the compound (E) and the compound (F) is preferably from 5 to 110 parts by mass, more
preferably frem 10 to B5 parts by mass per 100 parts by mass of the total amount of the compound {A), the compound
(B), the compound (C) and the photopolymerization initiator (D).

(Fluorinated surfactant (G))

[0070) The fluorinated suriactant (G} is a component to improve mold release characteristics of a cured product.
f[0071] The fluorinated surfactant (G) Is preferably a flusrinated surfactant having a fluerine content of from 10 to 70
mass%, more preferably & fluorinated surfactant having a fluoring content of from 10 to 40 mass%%. The fluorfnated
surfactant may be water soluble or ol soluble. .

[0072] The fluorinated surfactant (G) is preferably an anionic fluorinated surfactant, & cationic fluorinated surfactant,
anamphotericfluorinated surfactantor a nonionic fluorinated surfactant, mare preferably a nonienic fluorinated surfactant
in view of compatibility in the photocurable composition and dispersibility in the cured product.

[0073] The anfonic fluerinated surtactant is preferably a polyflucroalkyl carboxylate, a polyfluoroalkyl phosphate or a
polyflueroalkyl sulfonate.

[0074] Specific examples of the anionic fluorinated surfactant include Surflon S-111 (tradename, manufactured by
Seimi Chemical Go., Ltd.), Flucrad FC-143 (tradename, manufactured by Sumitomo 3M Limited) and MEGAFACE F-
120 (tradename, manufactured by DAINIPPON INK AND CHEMICALS, INCORPORATED).

[0075] The cationic fluorinated surfactant is preferabiy a trimethylammonium salt of a polyfluoroalkyl carboxylate or a
trimethylammonium salt of a polyfluoroalky! sulfonamide.

[0076] Specific examples of the cationic fluorinated surfactant include Surflon S-121 (tradename, manufactured by
Seimi Chernical Co., Ltd.), Flucrad FX-134 (tradename, manufactured by Surnitomo 3M Limited) and MEGAFACE F-
150 (tradename, manufactured by DAINIPPON INK AND CHEMICALS, INCORPCORATED).

[0077] The amphoteric fluorinated surfactant is preferably polyflucroalkyibetain.

[0078] Specific examples of the amphoteric fluorinated surfactant include Surflon §-152 (tradename, manufactured
by Seimi Chemical Co., Ltd.), Fluorad £X-172 (tradename, manufactured by Sumitorno 3M Limited) and MEGAFACE
F-120 (tradename, manufactured by DAINIPPON INK AND CHEMICALS, INCORPORATED).

[0079]  The nonionicfluorinated surfactant is preferably & polyfluoroalkylamine oxlde ora polyfluoroalkyl/alkylene oxide
addition product.

[0080] Specific examples of the nonionic fluorinated surfactant include Surilon S-145 (tradenarme, manufactured by
Seimi Chemical Co., Ltd.), Surflon S-393 (tradenams, manufactured by Seimi Chemical Ca., Ltd.), Surflon KH-20 {trade-
name, manufactured by Seimi Chemical Co., Ltd.), Surflon KH-40 (tradename, manufactured by Seimi Chemical Co.,
Ltd.), Fluorad FX-170 (tradename, manufactured by. Sumitomo 3M Limited), Fluorad FC-430 (tradename, manufactured
by Sumitono 3M Limited) and MEGAFACE F-141 (tradename, manufactured by DAINIPPON INK AND CHEMICALS,
INCORPORATED).

[0081] The fluorinated surfactants (G) may be used alone or in combination of two or more.

[0082] The content of the fluorinated surfactant (G) is from 0.1 to 3 parts by mass, preferably fram 0.5 to 1 part by
mass per 100 parts by mass of the total amount of the compound (A}, the compound (B), the compound (C) and the
photopolymerfzation initiator (0). When the content of the fluorinated surfactant (G) is at least 0.1 part by mass, mold
release characteristics will improve. When the content of the fluorinated surfactant {G) is at most 3 parts by mass,
inhibition of curing of the photocurable composition will be suppressed, and phase separation of a cured product will be
suppressed.

[0083] The amount of the compound (B) is from 0.5 to 100 times, particularly preferably from 10 to 75 times the total
mass of the fluorinated surfactant {G). When the emount of the compound (B) Is within this range, mold release char-
acteristics by the compound (B} and the fluorinated surfactant (G) can synergistically be obtained. if the amount of the
compound (B} is less than 0.5 times, the companents will not be uniformly compatible, thus causing foarming. If the
amount of the compound (B) exceeds 100 times, the efiect of mold release characteristics by the fluorinated surfactant

(G} wiil not be chtained.
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(Fluoropolymer (H))

[0084] The fluoropelymer (H) is a compenent to adjust the viscosity of the photocurable composition.

[0085] Themassaverage molecularweight ofthe fluorapolymer {H} is preferably from 500 ta 2,000,000, more preferably
from 1,000 to 1,000,000 particularly preferably from 3,000 to 500,000. When the mass average molecular weight of the
flucropolymer (H) is within this range, compatibility with other components will be favarable.

[0086] The fluorine content of the Flueropolymer (H) is preferébly from 30 to 70 mass%, more preferably from 45 to
70 mass%. When the fluorine content of the flucrepolymer (M) is within this range, it will be uniformly dissolved in the
photocurable composition, whereby the viscosity of the photocurable composition wili easily be adjusted.

[0087] The fluoropolymer (H) is preferably & fiuoropolymer having a hetero atom, more preferably a fluoropolymer
having a nitrogen atom, an oxygen atom, a sulfur atom or a phosphorus atom, furthermore preferably a fluoropolymer
having a hydroxyl group, &n etheric oxygen atomn, an ester group, an alkoxycarbonyl group, a suifonyl group, a phesphate
group, anamine group, a nitro group oraketone group, andin view of compatibility, particularly preferably a fluoropolymer
having a hydroxyt group, an etheric oxygen atom, an ester greup or an alkexycarbonyt group. The fluoropelymer having
a hetero atom has high compatibility with other corhponents, whereby a uniferm photocurable composition wilt easily be

prepared.
[0088] As the fluoropolymer {H), the following fluoropolymers (H1) to (H4) may be mentiolned, and the flucropolymer

(H4) is preferred in view of compatibility.
{0089]) Fluoropolymer (H1): A fluoropolymer obtained by polymerizing & compound (h1):

CF,=CR''-Q-CF12=CH, (h1)

wherein each of R and R12 is a hydrogen atom, a fluorine atom, a C, 5 alkyl group ar a C, 4 f lusroalkyl group, Q is
an oxygen atom, -NR13- or a bivalent organic group which may have a functional group, and R123 is a hydrogen atom, a
C,.5 alkyl group, an alkylcarbonyl group or a tosyl group.

[0090] Fluoropolymer (H2): A fluoropelyrner having fluoroclefin units and hydrocarbon monomer units.

[0091] As the fluoreolefin units, vinyl flueride, vinylidene fluoride, triflucreethylene, tetrafluorcethylene, pentafluoro-
propylene or hexafluoropropylene may, for example, be mentioned. As the hydrocarbon manomer units, a vinyl ether,
a vinyl ester, an allyl ether, a hydrocarben olefin, an acrylate or a methacrylate may, for example, be mentioned.
[0092] Fluoropolymer (H3): A flueropelymer having fluoroethylene units and flucre(meth)acrylate units.

[0093] As the fluoroethylene units, tetraffuoroethylene or CF,=CFCI may, for example, be mentioned. As the fluoro
(meth}acrylate units, 2-(perfluorohexyl)ethyl methacrylate, 2-(perflucrohexyl)ethyl acrylate, 2-(perfluorooctyl)ethyl meth-
acrylate or 2-(perfluorooctyfiethyl acrylate may, for example, be mentioned.

[0084] Fluoropolymer (H4): A fluoropelymer having fluoroethylene units and compound (h4) units:

CHR1=CH-O-R*8 (h4)

wherein R'7 is a hydrogen atom, a Cy_ alkyl group, a phenyl group or a benzyl group, R18 is a Gy.4g alkyl group, an
alkyl group or phenyl group having at most 10 carbon atoms containing an aromatic ring, an alkyl group or pheny! group
having at most 10 carbon atoms containing a hydroxyl group, an alkyl group or phenyl group having at most 10 carbon
atoms containing a fluorine atom, or an alkyl group or phenyl group having at most 10 carbon atoms containing a
carboxylic acid or an ester group. i

[0095] The fluoropolymers (H) may be used alone or in combination of two or more.

[0096] The content of the flucropolymer (H) Is preferably from 5 to 25 paris by mass, more preferably from 7 to 20
parts by mass per 100 parts by mass of the total amount of the compound (4), the compolind (B), the compeund {C)
and the photopoiymerization initiator (D). When the content of the fluoropolymer {H) is at [east 5 parts by mass, an effect
of adjusting the viscosity of the photocurable composition will be obtained, When the content of the fluorapolymer (H)
is at most 25 parts by mass, inhibition of curing of the photocurable composition will be suppressed, and phase separation
of the cured product will be suppressed.

[00S7] The amount of the compound (B) based on the total mass of the fluoropolymer (H) is preferably from 0.5 to
100times, particularly preferably from 2 to 50 times. When the amount of the compound (B) is within this range, a uniform
photocurable composition will be obtained without phase separation. If the amount of the compound (B} is less than 0.5
times, no effect of mold release characteristics will be obtained. if the amount of the compound (8) exceeds 100 times,
phase separation will occur,

[0098] The total amount of the fluorinated surfactant (G) and the fluoropolymer (H) is preferably from 0.1 to 35 parts
by mass, more preferably from 0.5 to 25 parts by mass per 100 parts by mass of the total amount of the compound (A),
the cempound (B}, the compound (C) and the photopolymerization initiator (D).

[0099] The total amount of the compound (E), the compound [F), the flucrinated surfactant (G) and the fluoropolymer
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(H) is preferably from 0.1 to 125 parts by mass, more preferably from 0.5 to 85 paris By mass per 100 parts by mass of
the total amount of the compound (A}, the compound (B), the compound (C} and the photopolymerizaiion inttiator (D).

(Other additives)

{0100] The photocurable composition may contain other additives excluding the compounds (A) to (C}, the photopo-
lymerization initiator (1), the compound (E), the compound (F), the fluorinated surfactant (G) and the fluoropolymer (H).
[0101]  As otheradditives, a photosensitizer, another resin, fine metal oxide particles, a carbon compound, fine metal
pariicies or enother organic compound may, fer exampie, be mentioned,

[0102] The photosensitizer may, for example, be an aminre compound such as n-butylamine, di-n-butylamine, fri-n-
butylphosphine, allylthiourea, s-benzylisothiuronium-p-toluene sulfinate, triethylamine, diethylamincethyl methacrylate,
triethylenetetramine or 4,4'-bis(dialkylamino)benzophenone.

[0103]  Anciher resin may, for example, be a polyester, a polyester ofigomer, a poiycarbenate or a poly(methacrylate.
[0104] The fine metal oxide particles may, for example, be titania or silica.

fa105) The carben compound may, for example, be carbon nanotubes or fullerene.,

[0106] The fine metal particles may, for example, be fine particles of copper or platinum.

[0107]  Another crganic compound may, for example, be porphyrin or metal-containing porphyrin.

[0108] Thé total amount of othar additives is preferably at most 20 mass% in the photocurable composition (100
mass%). When the tota! amount of other additives is at most 20 mass%, the photocurable composition will be uniformly
mixed, whereby a homogeneous photocurable composition will be obtained,

[0109] From the above-described photecurable composition of the present inventian, which contains the compound
{A), & cured product excellent in mechanical strength can be obtained, Further, since it contains the compound {B), a
cured product exceflent in mold release characteristics can be obtained. Further, since it contains the compound {C),
compatibility between the compound (A) and the compound (B) is excellent and as a result, mold release characteristics

and mechanical strength of the cured preduct will further improve.
{Method for producing molded preduct with fine pattern on its surface)

[0110] The methed for producing a moldad preduct with a fine pattern on its surface of the present invention comprises
the foliowing steps (1) to (3).

{1) A step of bringing the photocurable compasition of the present invention into contact with the surface with a
pattern reverse of a fine pattern of a mold having the reverse pattern formed on its surface.

(2) A step of irradiating the photocurable cornpasition with light in a state where the photocurable composition Is in
contact with the surface of the mold to cure the photocurable composition thereby to oblain a cured product.

(3) A step of separating the mold from the cured product to obtain a molded product with & fine pattern on its surface.

[0111] As the method for preducing a molded product with a fine patiern on its surace of the present invention, more
specificaliy, the following methods {a) to (¢} may be menticned.

Method (a):

[0112] A methed comprising the following steps (a-1) to (a-4).

(-1} A step of disposing a photocurable composition 20 ta the surface of a substrate 30 as shown in Fig. 1,
(a-2) A step of pressing a mold 10 on the photocurable compesition 20 so that a reverse pattern 12 of the mold 10

Is in cantact with the phatocurable composition 20 as shown in Fig. 1.
(a-3} A step of irradiating the photocurable composition 20 with light In a state where the mold 10 is pressed on the

phatocurable composition 20 to cure the photocurable composition 20 thereby to obtain a cured progduct.
(a-4) A step of separating the mold 10, or the substrate 30 and the mold 10, from the cured preduct to obtain &

molded product with a fine pattern on its surface.
Method (b}:
[0113] A methed comprising the following steps (b-1} to (b-4),

{b-1) A step of disposing a photocurable composition 20 to the surface of a reverse paitern 12 of a mold 10 as shown
in Fig. 2.
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(b-2) A step of pressing a substrate 30 on the photocurable composition 20 on the surface of the m-old 10 as shown
in Fig. 2.

(b-3) A step of irradiating the photocurable compaosition 20 with fight in a state where the substrate 30 is pressed
on the photocurable composition 20 to cure the photocurable compositien 20 thereby to obtain a cured product.
{b-4) A step of separating the molid 10, or the substrate 30 and the mald 10, from the cured product to obtain a

molded product with a fine pattern on its sutface.

Method (c):
[0114] A method comprising the following steps (¢-1) to (¢-4).

(c-1) A step of bringing a substrate 30 and a mold 10 into close to or into contact with each other so that a reverse
pattern 12 of the mold 10 is on the substrate 30 side as shown in Fig. 1.

(c-2) A step of filling a photocurable composition 20 between the substrate 30 and the mold 10 as shown in Fig. 1.
{e-3) A step of irradiating the photocurable compositian 20 with light in a state where the substrate 30 and mold 10
are close to or In contact with each other to cure the photocurable composition 20 theraby to obtain a cured product.
(c-4) A step of separating the meld 10, or the substrate 30 and the mold 10, from the cured proc!uct {o obtain a

molded product with a fine pattern on its surface.

[0115] The substrate may be a substrate made of an inorganic material or a substrate made of an organic material.
{0116] The inorganic material may, for example, be silicon wafer, glass, quartz glass, a metal (such as zluminum,
nickei or copper), a metal oxide (such as alumina), silicon nitride, aluminum nitride or lithium niobate.

[0117] The organic material may, for example, be a fluororesin, a silicone resin, an scrylic resin, a polycarbonate, a
polyester (such as polyethylene terephthalate), a polyimide, a polypropylene, a polyethylene, a nylon resin, a polyphe-
nylene sulfide ar a cyclic polyolefin.

[0118] As the substrate, a surface-treated substrate may be used, which is excellent in adhesion to the photocurable
composition, The surface treatment may, for example, be primer coating treatment, ozone treatment or plasma etching
treatment. The primer may, for example, be a silane coupling agent or a silazane,

[0119] The mold may be a mold made of a non-translucent material or a mold made of a translucent material,
[0120] The non-transiucent material may, for example, be silicon wafer, nickel, copper, stainlass stee, titanium, SiC
or mica.

[0121]  The translucent materal may, for example, be quariz, glass, polydimethylsiloxane, a cyclic palyolefia, a poly-
carbonate, a polyethylene terephthalate or a transparent fluororesin.

[0122] At least one of the substrate and the mold is made of a material which is transparent to at least 40% of light
having a wavelength at which the photopoiymerization initiator (D) acts.

[0123] The meld has a reverse patiern on its surface. The reverse pattern is a reverse pattern corresponding to the
fine pattern on the surface of the molded product.

[6124] The reverse pattern has a fine convex poition and/or a concave portion.

[0125] The convexportion may, for example, be acontinuous convex extending en the surface of the meld or protrusions

dotted on the surface. :
[0126] The concave podtion may, for example, be a continuous greove extending on the surface of the mold or pores

dotted on the surface.

(0127] The shape of the convex or the groove may, for example, be a straight line, a curve or a bent line. A plurality
of convexes ar grooves may be present in parallel with each other to form stripes.

[0128] The cross-sectional shape of the convex crthe groove in a direction at right angles to the longitudinal direction
may, for example, be rectangular, trapezoidal, triangular or semi-circular.

[0129] The shape of the protrusfons or the pores may be triangular prism, quadrangular prism, hexagonal column,
cyiindrical column, triangular pyramid, quadrangular pyramid, six-sided pyramid, circular cone, hemisphere or polyhe-
dron.

[0130] The width of the convex or the groove is preferably from t nm to 100 pm on an average, more preferably from
10 nmta 10 pm, The width of the convex means the length of the base in the cross section in a direction at right angles
to the fongitudinal direction. The width of the groove means the length of the upper side in the cross section in a direction
at right angles to the longitudinal direction.

[0131] The width of the protrusions or the peres is preferably from 1 nm te 700 wm an an average, more preferably
from 10 nm to 10 wm, The width of the protrusions means, in a case where the bottom face is elongated, the length of
the base in the cross section in a direction at right angles to the lengitudinal directicn, and in other cases, the maximum
lengih a* the botiom face of the protrusions. The width of the pores means, in a case where the opening is slongated,
the length of the upper side in the cross section in & direction at right angles to the longitudinal direction, and in other
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casas, the maximum length at the opening of the protrusions. )
[0132] The height of the convex portion is preferably from 1 nm to 100 pm on an average, more preferably from 10

nmto 10 pm.
[0133] The depth of the concave portion is preferably from 1 nm to 100 um on an average, more prefaerably from 10

nm to 10 wm.
[0134] Inaregion where the reverse pattern Is present at high density, the distance between adjacent convex portions

(er concave portions) is preferably from 1 nm to 500 pm on an average, more preferably from 1 nm to 50 wm. The
distance between adjacent convex partions means a distance from the terminal of the base of the cross section of a
convex portion to the start point of the base of the cross section of the adjacent convex portion. The distance between
adjacent concave portions means a distance between the terminal of the upper side of the cross section of a concave
portion and the start point of the upper side of the cross section of the adjacent corcave portion.

[0135]  The minimum dimension of the convex portion is preferably from 1 nm to 50 wm, more preferably from 1 nm
ta 500 nm, particularly preferably from 1 nm to 50 nm. The minimum dimension means the minimum dimension among
the width, the length and the height of the convex portion.

[0136] The minimum dimension of the concave periion is preferably from 1 nm to 50 pm, more preferably from 1 nm
to 500 nm, particularly preferably frem 1 nm to 50 nm. The minimum dimension means the minimum dimension among

the width, the length and the depth of the concave portion. .

Step (a-1):

[0137] The method of disposing the photocurable compaosition may, for example, be an ink jet method, a potting
method, a spin coating method, a rol! coating method, a casting method, & dip coating method, a die coating method,

a L.angmuir Blodgett method or a vacuum vapor deposition mathod.
[0138] The photocurable composition may be disposed on the entire surface of the substrate, or may be disposed on

a part of the substrate.

Step (a-2):

(0139] The pressing pressure (gauge pressure) at the time of pressing the mold on the photogurable composition is
preferably higher than 0 and at most 10 MPa, more preferably from 0.1 to 5 MPa. The temperature at the time of pressing
the mold on the photocurable composttion is preferably from 0 to 100°C, mere preferably from 10 to 6.0°C.

Step (b-1}: -

{0740] The method of disposing the photocurable composition may, for example, be an ink jet method, a potting
method, & spin coating methad, a roll coating methed, a casting method, a dip coating methed, a die coating method,

a Langmuir Blodgett method or a vacuum vapor deposition method.
{0141] The photocurable composition may be disposed on the entire surface ofthe reverse pattern of the mold or may

be disposed on a part of the reverse pattern, and is preferably disposed on the entire surface of the reverser pattern.

Step (b-2):

[0142] Tha pressing pressure (gauge pressure) at the time of pressing the substrate on the photocurable composition
is preferably higher than 0 and at most 10 MPa, more preferably from 0.1 to 5 MPa. The temperature at the time of
pressing the substrate on the photocurabie composition is preferably from 0 to 100°C, more preferably from 10te 60°C,

Step (c-2):

[0143]  As a method of filling the photocurable compasition between the substrate and the mold, a method of sucking

the photocurahle compasition in the gap by & capiliary action may be mentioned.
[0144]  Thetemperatureatthe time offilling the photocurable composition Is preferably from Cto 100°C, more preferably

from 10 to 60°C.
teps (a-3), {b-3) and {c-3);

[0145] The light irradiation method may be a light irradiation method using a mold made of & translucent material from
the mold side, or a light irradiation method using a substrate made of a translucent material from the substrata side. The
wavelength of light is preferably from 200 to 500 nm, At the time of light irradiation, the photocurable composition may
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be heated to accelerate curing.
[0146] The temperature at the time of light irradiaticn is preferably from 0 to 100°C, more preferably from 10 to 60°C.

Steps (a-4), {b-4) and (c-4):

[0147] The temperature at the time of separating the mold, or the substrate and the motd, from the cured product is
preferably from 0 to 100°C, more preferably from 10 to 60°C.

[0148] When the substrate and the mold are separated from the cured product, as shown in Fig. 3, a molded product
40 with a fine pattern 44 on its surface consisting enly of a cured product 42 with a surface having the reverss pattern
of the meld transferred, is obtained.

[0148] When only the mold is separated from the cured product, as shown in Fig. 4, a moldad product 40 (laminate)
with a fine pattern 44 on its surface, comprising a cured product 42 with a surface having the reverse pattern of the mold
transferred and a subsirate 30, is obtained.

[0150] As amolded product with a fine pattern on its surface, the following articles may be mentioned.

[0151] Optical elements: A microléns array, an cpticai waveguide elemeant, an optical switching element (such as a
grid polarizing element or a wave plate), a fresnel zone plate element, a binary optical element, a biaze aptical element,
a photenics crystal, ete. F
[0152] Anti-reflection components: AR (anti reflection} coating member, etc.

[0153] Chips: Biochips, chips for u-TAS (micro-total analysis systems), micrereactor chips, etc,

[0154] Others: A recording medium, a display material, & carrier for a catalyst, a filter, a sensor component, a resist
to be used for production of & semiconductor apparatus, a daughter meld for nancimprinting, etc.

[0155] When it is used as a resist, a fine pattern can be formed on a substrate by etching the substrate using the

molded product with a fine pattern as a mask.
f0156] Inthe above-described method for producing a molded product with a fine pattern on its surface of the present

invention, since the photocurable compesition of the present invention from which a cured product excellent in mold
refease characteristics and mechanical strength can be obtained is used, a molded product excellent in durability, with
afine pattern having a reverse pattern of @ mold precisely transferred on its surface, can be produced,

EXAMPLES

[6157] Now, the present invention will be described in further detail with reference to Examples, but the present

invention is by no means restricted to such specific Examples.
[0158] Examples 8, 9, 10, 24, 25, 26 and 27 are in accordance with the present invention. Examples 1to 7 and 19 to

23 are Reference Examples, and Examples 11 to 18 are Comparative Examples.

(Mass average molecular weight)

[0159] The mass averse molecular weight of the fluoropalymer (H) was measured by using a GPC analyzer {manu-
factured by TOSOH CORPORATION, HLC-8220).

(Viscosity)

{0160] The viscosity of the photocurable composition at 25°C was meastred by using a viscoﬁeter{manufactured by
Toki Sangyo Co., Ltd.). The viscometer is one calibrated with a siandard fluid (JS50 (33.17 mPa.S at 25°C)). The viscosity
was judged to be favorable when it was at most 300 mPa-S.

(Sensitivity)

[0167] The sensitivity of the photocurable compaosition was determinad as follows.

[0162] The photocurable composition was formedinta afiim with a thickness of about 1.5 wm by a spin coating methed,
and the coating film was irradiated with light from a high pressure mercury lamp {a light source having dominant wave-
lengths at 255, 315 and 365 nm at from 1.5 to 2.0 kHz) to determine the accumulated quantity of light until comptete
curing, which was regarded as the sensitivity. Whether the photocurable composition was completely cured was judged
by measuring an IR spectrum and from the presence or absence of absorption of an olefin at the acrylic moiety, The

sensitivity was judged to be favorable with a value of at most 500 mJiem2.
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{Volume shrinkage ratio)

[6163] The volurne shrinkage ratio was determined as follows.
{0164] The photocurable composition was sealed in a test tube (made of glass) to a height of L1 at 25°C, the photo-

curable composition was irradfated with iight from a high pressure mercury lamp (a fight source having dominant wave-
lengths at 255, 315 and 365 nm at from 1.5 to 2,0 kHz) for 15 seconds, and the height L2 of the obtained cured product
was measured, The velume shrinkage ratio was determined from the following formula. The volume shrinkage ratio was

judged to be favorable when it was at most 15%.
Volume shrinkage ratio (%)=(L1-L2)/LIx100

(Contact angle)

i
[0165] The contact angle of the cured product against water was measured as follows,
[0166] The photocurable composition was irradiated with light from a high pressure mercury lamp (a light source
having dominant wavelengths at 258, 315 and 365 nm &t from 1.5 to 2.0 kHz) for 15 seconds to obtain a cured product.
[0167] With respect to the cured product, 4 pl of water was dropped on the surface of the cured product for meas-
urement by using a contact angle meter {manufactured by Kyowa Interface Science Co., Lid,, model CA-X150).
[0168] The contact angle is a measure of mold release characteristics of the cured product. The contact angle was

judged to be favorable when it was at [east 75°.

{Pencil hardness)

[0168] The pencil hardness of the cured preduct was measurad as follows.

[0170] The photocurable composition was irradiated with light from a high pressure mercury lamp {a light source
having dominant wavelengths at 255, 315 and 365 nm at from 1.5 to 2.0 kHz) for 15 seconds to obtain a cured product.
[0171] The pencil hardness of the cured product was determined in accordance with JIS K5400 {ofd JIS) under z load

of 1 kg.
[0172] The pencil hardness is ameasure of mechanical strength of the cured product. The penci! hardness was judged

to be faverable when the result was F or higher.

(Dry efching resistance)

[0173] The dry etching resistance was determined as follows.
[0174] The photocurable compostiion was applied to a substrate (silicon wafer), andthen the photecurable composition

was Irradiated with light from a high pressure mercury lamp (& fight source having dominant wavelengths at 255, 315
and 865 nm at from 1.5 to 2.0 kHz) for 15 seconds to obtain a cured product, The substrate on which the cured product
was farmed and a substrate to which polymethyl methacrylate (hereinafter referred to as PMMA) was applied were
prepared, and etching treatment was carried out simultaneously using RIE-10NR (manufactured by SAMCO) under
conditions of CF4/0, {40/10 scem) under a pressure of 5 Pa at ar output of 70 W for 120 seconds. The etching rate
were calculated frem differences in thickness as between before and after the etching treaiment, and the relative etching
rate of the cured product when the etching rate of PMMA was 1, was determined, which was regarded as the drying
gtching resistance. The dry etching resistance was judged to be favorable when the relative value was at most 0.8.

(Compound (A1)}

CHs CHs CHy
CH=C—C—0 (IJ—@'O—%—C:CHZ (A1)
Hs 0

C C

[0175]
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{Compound (A2))

[01786]

CHy
CH2=CH—ﬁ—o—(CSHBO)q-O—c::O(ocaHB),—o—ﬁ-CH=CH2 (A2)
0 CHs 0

wherein each of g and r is an integer of from 1 to 3.

(Compound (A3)}

[0177]

(Compound Bi1))

[0178]

{Compound (B2))

[0179]

{Compeund (C1))

[0180]

{Comgound (C2))

[0181]

0
g
CHy=CH™

CH,=CHCOOCH,CH,(CF )¢F

15

{B11)

CFo=CFCF,C{CF3) (OH)CH,CH=CH,

i
CH2=C\C/
It
O

CHa

c
0" “CH=CH, (A3

(82)

@
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CHp=CH ' (C2)

(Phetopelymerization initiator (D1))

[0182] Photopolymerization Initiator (D1): Tradename: IRGACURE 651, manufacturad by Ciba Geigy Specialty (Com-
pound [E1))

Q 0
| .
C ’ C o '
CHy=0” S AN “e=chy (€Y
CH; CH3
(Compound (F1))
{0183]
CH2:CHCOOCH2\

CH,=CHCOOCH,—C—CH,0H  (F1)
CH,=CHCOOCH;

(Fluorinated surfactant (G1))

[0184} Fluorinated surfactant (G1): Nonionic fluorinated surfactant, tradename: Surflon $-383, manufactured by Seimi
Chemical Co., Ltd.

(Fluoropolymer {(H11)}

[0185] 8.00 g of the compound (B2) and 38.37 g of 1,4-dioxane were charged in & pressure reactor (internal eapacity:
50 ml., made of glass), andthen 0.71 g of diisopropyl peroxydicarbonate was charged. The reactorwas freeze dezerated,
and then the internal temperature was maintained at 40°C, followed by polymerization for 18 hours. Then, the content
in the reactor was dropped in hexane. The agglomerated solid content was recovered and vacuum dried at 110°C for
40 hours to obtzin 6.33 g of a white powdery amorphous fluorepolyrner having the following repeating units (fluorine
content: 56.3 massie) (hereinafter referredto as a fluoropolymer (H11)}. The fluoropolymer (H11} had a glass transition
temperature of 118°C, a number average molecular weight of 2,600 and a mass average molecular weight of 4,800:



10

5

20

25

an

35

40

45

50

55

17

CF, CH
T TN

CFk; CHa
N

e
cFy “OH

(Fluoropolymer (H41))

[0186] Fiuoropolymer (H41): Tradename: LUMIFLON LF71 0, manufactured by Asahi Glass Company, Limited, mass
average molecular weight: 40,000.

EXAMPLE 1 {Reference Example)

[6187) In avial (internal capacity: 6 mL), 1.52 g of the compound (A1), 0.88 g of the compound {811} and 1.44 g of
the compound (C1) were added, then 0.18 g of the photopolymerization initiator (D1) was mixed, and the mixture was
subjected to filtration through a 0.2 pm filter made of polyethylene terephthalate (hereinafter referred to as PTFE) to
obtain a photocurable composition. The compositien of the phetocurable composition is shown in Table 1, and the
evaluation results are shown in Table 2,

EXAMPLE 2 (Reference Example)

[0188] In a vial (internal capacity: 6 mL), 1.52 g of the compound (A2}, 0.88 g of the compound (B11) and 1.44 g of
the compound (C1) were added, then 0.16 g of the photopolymerization initiator (D1) was mixed, and the mixture was
subjected to fittration through a 0.2 pm filter made of PTFE to obtain a photocurable composition. The composition of
the photocurable composition is shewn in Table 1, and the evaluation results are shown in Table 2.

EXAMPLE 3 (Reference Example)

[0189] In avial (internal capacity: 8 mL), 1.52 g of the compound (A3}, 0.88 g of the compound (B11) and 1.44 g of
the compound (C1) were added, then 0.36 g of the photopolymerization initiator (D1) was mixed, and the mixture was
subjected 1o filtration through a 0.2 pm filter made of PTFE to obtain a photocurable composition, The camposition of
the photocurable composition is shown in Tabie 1, and the evaluation results are shown in Table 2.

EXAMPLE 4 (Reference Example)

[0190] ina vial (internal capacity: 6 mL), 1.52 g of the compound (A2}, 0,88 g of the compeund (B2) and 1.44 g of the
compound (C1) were added, then 0.16 g of the photopolymerization initiator {D1) was mixed, and the mixture was
subjected 1o fiitration through a 0.2 um filter made of PTFE to obtain a photocurable composition. The composition of
the photocurable composition 1s shown in Tzble 1, and the evaluation results are shown in Table 2.

EXAMPLE 5 (Reference Example}

[0191] Ina vial (internal capacity: 6 mL), 1.52 g of the compeund (A2), 0.88 g of the compeund (B11) and 1.44 g of
the compound (G2} were added, then 0,16 g of the photopelymerization initiator (D1) was mixed, and the mixture was
subjected to filtration through a 0.2 pm filier made of PTFE o obtain a photocurable cornposition. The composition of
the photocurable composition is shown in Table 1, and the evaluation restlis are shown In Table 2.

EXAMPLE 6 (Reference Example)

f0192] I a vial (internal capacity: 6 ml.), 1.32 g of the compound (A2}, 0.80 g of the compeund (B11), 1.32 g of the
compound (C1} and 0.40 g of the compound {E1) were added, then 0.16 g of the photopolymerization initiator (D1) was
mixed, and the mixture was subjected to filtration through a 0.2 um filter made of PTFE to obtain a photocurable
composition. The composition of the photocurable composition is shown in Table 1, and the evaluation results are shown
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in Table 2,

EXAMPLE 7 (Reference Example)

[0193] !n avial (internal capacity: 8 mL}), 1.20 g cf the compound {AZ2}, 0.80 g of the compound {811), 1.20 g of the
comgound (C1), 0.32 g of the compeund (E1} end 0.32 ¢ of the compound (F1) were added, then 0,18 g of the pho-
topolymerization initiator (D1) was mixed, and the mixture was subjected to filtration through a 0.2 pm fitter made of
PTFE to obtain a photocurable composition. The composition of the photocurable composition is shown in Table 1, and

the evaluation results are shown in Table 2.

EXAMPLE 8

[0194] In a vial (internal capacity: 6 mL), 1.20 g of the compound {A2), 0.80 g of the compound (B11), 1.20 g of the
gompound (C1}, 0.28 g of the compound (ET}, 0.28 g ¢f the compound (F1) and 0.08 g of the flucrinated surfactant (G1)
were added, then 0.16 g of the photopolymerization initiator {D1) was mixed, and the mixture was subjected to filtration
through a 0.2 pm filter made of PTFE to obtain a photocurable composition. The composition of the photocurable
compositien is shown In Table 1, and the evaluation results are shown in Table 2,

3

EXAMPLE 9

[0195] In a vial {internal capacity: 6 mL), 1.20 g of the compound (A2), 0.80 g of the compound {B11), 1.20 g of the
compound (C1}, 0.28 g of the compound (ET), 0.08 g of the fluorinated surfactant (G1) and 0.28 g of the flucropolymer
{H11) were added, then (.16 g of the photopelymerization initiatar {D1) was mixed, and the mixture was subjected to
filtration through a 0.2 m filter made of PTFE to obtain a photocurable composition. The composition of the photocurable
composition is shown in Table 1, and the evaluation results are shown in Table 2.

EXAMPLE 10

[0186]) Inavial (internal capacily: 6 mL), 1.20 g of the compound (A2}, 0.80 g of the compound (B11), 1.20 g of the
compound (C1), 0.28 g of the compound (E1), 0.08 g of the fluorinated surfactant {G1} and 0.28 g of the fluorepolymer
{H41) were added, then 0.16 g of the photopolymerization initiator (D1) was mixed, and the mixture was subjected to
fittration through a 0.2 wm filter made of PTFE to abtain a photocurable composition. The composition ofthe photocurable
composition is shown in Table 1, and the evaluation results are shown in Table 2.

EXAMPLE 11 {Comparative Example)

[0197] In & vial (internal capacity: 6 mL), 0.28 g of the compound (A1), 1.56 g of the compound (B11) and 0.20 g of
the compound (C1) were added, then €.18 g of the photopalymerization initiator (D1) was mixed, and the mixture was
subjected te filtration through a 0.2 um filter made of PTFE to obtain a photocurable composition. The composition of
the photocurable composition is shown in Table 1, and the evaluation results are shown in Table 2.

EXAMPLE 12 (Comparative Example)

[0138] In = vial {internal capacity: 6 mL), 3.00 g of the compound (A1), 0.40 g of the compound (B11) and 0.44 g of
the compeund {C1) were added, then 0.16 g of the photopolymerization initiator (D1) was mixed, and the mixture was
subjected 1o filtration threugh a 0.2 wm fiiter made of PTFE to obtain a photocurable composition. However, the cured
product was hard and fragile and was difficult to handle as a self-supporting membrane. The composition of the photo-
curable composition is shown in Table 1, and the evaluation resulis are shawn in Table 2.

EXAMPLE 18 {Comparative Example)

[0198] Inavial (internaf capacity: 6 mL), 1.84 g of the compound (A1), 0.12 g of the compound (B11) and 1.88 g of
the compound {C1} were added, then 0.16 g of the photopolymerization initiator {D1) was mixed, and the mixture was
subjected to filtration through a 0.2 um filter made of PTFE to obtain a photocurable composition. The composition of
the photocurable composition is shown in Table 1, and the evaluation results are shown in Table 2.
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EXAMPLE 14 {Comparative Example}

[0200] In a vial (internal capacity: 6 mL), 0.80 g of the compound (A1), 2.20 g of the compound (811) and 0.84 g of
the compotind {C1) were added, and then 0.16 g of the photopolymerization initiator (D1) was mixed, but they were not
uniformly mixed, and phase separation occurred. The composition of the cbtained composition is shown in Table 1.

EXAMPLE 15 (Comparative Example)

[0201] In avial (internal capacity: 6 mL), 1.96 g of the compound (A1), 1.60 g of the compound {811} and 0.28 g of
the compound {C1) were added, and then 0.16 g of the photopolymerizatien initiator (D1) was mixed, but they were not
uniformly mixed, and phase separation ccourred. The composition of the obtained composition is shown in Table 1.

EXAMPLE 16 (Comparative Example)

[0202] In avial {internal capacity: 8 mL}), 0.80 g of the compound (A1), 0.24 g of the compound (B11) and 3.00 g of
the compound (C1) were added, then 0.18 g of the photopolymerization initiator {D1) was mixed, and the mixture was
subjected to filtration through a 0.2 um filter made of PTFE to obtain a photocurable composition. Howevar, the cured
product was fragile and was difficult to handle as a self-supporling membrane. The composition of the photocurable
compesition Is shown in Table 1, and the evaluation results are shown in Table 2.

EXAMPLE 17 (Comparative Example)

[0203] In a vial {internal capacity: 6 mL), 1.60 g of the compound (A1), 0.96 g of the compound {B11) and 1.42 g of
the compound {C1) were added, then 0.02 g of the photopolymerization initiator {01) was mixed, and the mixture was
subjected to filtration through a 0.2 pm filter made of PTFE to obtain a photocurable composition. However, even ajter
light irradiation, the amount of an uncured portion was large, and no cured product could be obtained. The composition
of the obtained compaosition is shown in Table 1, and the evaluation results are shown in Table 2.

EXAMPLE 18 {Cornparative Example)

[6204] In a vial (intemal capacity: 6 mL), 1.20 g of the compound (A1), ¢.72 g of the compound (B11) and 1.28 g of
the compound {C1) were added, and then 0.80 g of the photopolymerization Initiator (D1) was mixed, but the photopo-
lymerization initiator (D1) was not completely dissolved, whereby no uniform compesition could be obtained. The com-
paosition of the obtained composition is shown in Table 1.

EXAMPLE 19 (Reference Example)

[0205] In a vial (internal capacity: 6 rL), 1.44 g of the compound (A1), 0.88 g of the compound (811), 1.44 g of the
compound (C1) and 0.08 g of the compeund (E1) were added, then 0.18 g of the photopolymerization initiator (D1) was
mixed, and the mixture was subjected to filtration through a 0.2 pm filter made of PTFE to obtain a photocurable
composition. The composition of the photecurable compaosition is shown In Table 1, and the evaluation results are shown

in Table 2,

EXAMPLE 20 (Reference Example)

[0206] In a vial (internal capacity: 8 mL), 1.08 g of the compound (A1), 0.58 g of the compound (B11), 1.20 g of the
compound (C1) and 1.00 g of the compound (ET) were added, then 0.16 g of the photopolymerization injtiater (D7) was
mixed, and the mixture was subjected to filtration through a 0.2 pm filter made of PTFE to obtain a photocurabie
composition. The composition of the photocurable composition is shown in Table 1, and the evaluation resuits are shown

in Tabie 2.

EXAMPLE 21 {Reference Example)

[0207} In a vial (internal capaclty: 6 mb), 1.82 g of the compound (A2), 0.B8 g of the compound (811), 1.40 g of the
compound (C1), .20 g of the compound (E1) and 0.04 g of Compound (F1) were added, then 0.16 g of the photapol-
ymerization Initiator {D1) was mixed, and the mixture was subjected to filtraticn through a 0.2 pm filter made of PTFE
to obtain a photocurabie composition. The composition of the photocurable composition is shown in Table 1, and the

evaluation resulis are shown in Table 2.
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EXAMPLE 22 (Reference Example)

[0208] In a vial (internal capacity: 6 mL}, 0.84 g of the compound {A2), 0.40 g of the compound (811}, 6.72 g of the
compound {CT), 0.26 ¢ of the compeund (E1) and 1.82 g of the Compound (F1) were added, then 0.16 g of the pho-
topolymerization initiator (D1) was mixed, and the mixture was subjected to filtration through a 0.2 um filter made of
PTFE to obtain a photecurable composition. The composition of the photocurable composition is shown in Table 1, and

the evaluation results are shown in Table 2.

EXAMPLE 23 (Reference Example)

[0209] In a vial (internal capacity: 6 mL), 1.20 g of the compound (A2), 0.20 g of thé compound (B11), 1.24 g of the
compound (C1), 0.80 g of the compound (ET), 0.40 g of the compound (F1) and 0.002 g of the fluorinated surfactant
(G1) were added, then 0.16 g of the photopolymerization initiater (D1) was mixed, and the mixture was subjected to
filtration through a 0.2 wm fiiter made of PTFE to obtain a photocurable composition. The composition of the photocurahble
compositien is shown in Table 1, and the evalvation results are shown in Table 2. '

EXAMPLE 24

i 1
f0210] In a vial (internal capacity; 6 ml.), 1.08 g of the compaund (A2), 0.88 g of the compound (B1 1), 1.08 g of the
compound (G1), 0.68 g of the compound (E1) and 0.12 g of the fluorinated surfactant (G 1) were added, then 0.16 g of
the photopolymerization initiator (D1) was mixed, and the mixture was subjected to filtration through 2 0.2 wmfilter made
of PTFE to obtain a photocurable compasiticn. The composition of the photocurable composition is shown in Table 1,

and the evaluation results are shown in Table 2..

EXAMPLE 25

[0211] In a vial {internal capacity: & mL), 1.28 g of the compound (AZ2), 0.80 g of the compound (B11), 1.28 g of the
compound (G1), 0.280 g of the compound (E1), 0.08 g of the #luorinated surfactant (G1} and 0.12 g of the flucropolymer
{H11) were added, then 0.16 g of the photopalymerization initiator (D1) was mixed, and the mixture was subjected to
filtration through a 0.2 pm filter made of PTFE to obtain a photocurable cormposition. The composition of the photecurable
composition is shown in Table 1, and the evalusation results are shown in Table 2.

EXAMPLE 26

[0212] In a viai (internal capacity: 6 mL), 0.96 g of the compound {A2), 0.68 g of the compound (B11), 1.00 g of the
compound (GT}, 0.20 g of the compound (E1), 0.08 g of the flucrinated surfactant (G1) and 0.84 g of the fluorepolymer
{H11) were added, then 0.24 g of the phetopelymerizaticn initiator (D1) was mixed, and the mixture was subjected o
filtration through a 0.2 pm filter made of PTFE to obtain a photocurable composition. The composition of the photocurable
cernposition is shown in Table 1, and the evaluation results are shown in Table 2,

b
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TABLE 1

Mass% based on 100 mass% of (A)+(B)+{C)+(D)

(a) (B) (C) {D)

Example 1 38.0 22.0 36.0 4.0
Example 2 38.0 22.0 36.0 4.0
Example 3 8.0 22.0 36.0 4.0
Example 4 38.0 22.0 36.0 4.0
Example 5 38.0 22.0 36.0 4.0
Example § 36.7 22.2 36.7 4.4
Example 7 35.7 23.8 35.7 4.8
Example 8 35.7 23.8 35.7 4.8
Example 9 35.7 23.8 35.7 4.8
Example 10 35.7 23.8 35.7 - 4.8
Example 11 7.0 39.0 50.0 4.0
Example 12 65.0 16.0 15.0 4.0
Example 13 45.9 3.0 47.1 4.0
Example 14 20.0 55.0 21,0 4.0
Example 15 49,0 40.0 7.0 4.0
Example 16 15.0 6.0 75.0 4.0
Example 17 40.0 24.0 35.5 0.5
Example 18 35.0 18.0 32.0 15.0
Example 19 36.7 22.4 36.7 4.1
Example 20 36.0 18.7 40.0 5.3
Example 21 35.1 23.4 37.2 4.3
Example 22 33.3 20.8 37.5 8§.3
Example 23 42 .8 7.2 44.3 5.7
Example 24 33.8 27.5 33.8 5.0
Example 25 36.4 22.7 36.4 4.5
Example 26 33.3 23.6 34.7 8.3
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TABLE 1 (continued)
( Parts by mass per 100 parts by mass of
{A)+(B)+({C)+ (D)
(E) (F) {G) (H)
Example 1 - - - -
Example 2 - - - -
Example 3 - - - -
Example 4 - - - -
Example 5 - - - -
Example 6 11.1 - - -
Example 7 8.5 9.5 - -
Example 8 B.3 8.3 2.4 -
Example 3 8.3 - 2.4 8.3
Example 10 8.3 - 2.4, 8.3
Example 11 - - - -
Example 12 - - - -
Example 13 - - - -
Example 14 - - - -
Example 15 - - = -
Example 16 - - < -
Example 17 - - - -
Example 18 - - - -
Example 19 2.0 - - -
Example 20 33.3 - - -
Example 21 5.3 1.1 - -
Example 22 13.5 54 .8 - -
Example 23 28.6 14.3 0.071 -
Example 24 21.3 - 3.8 -
Example 25 8.0 - 2.3 3.4
Example 26 6.9 - 2.8 29,2
TABLE 2
Viscosjty Sensitivity Volume Contactangle | Pencil Dry etching
(mPa.s) {mdJ/em?) shrinkage ratio | (%) hardness resistance
(%) (relative rate
when
PMMA=1)
Ex.1 80 441 g 78 H 05
Ex.2 41 315 10 79 H 0.5
Ex.3 32 3i5 9 85 H 0.6
Ex.4 37 315 12 g2 H 0.5
Ex.5 35 315 10 79 H 0.6
Ex.6 40 284 9 80 H 0.5
Ex.7 66 284 9 a0 2H 0.4
Ex.8 62 284 9 97 2H 0.4
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(continued}
Viscosity Sensitivity Volume Contact angle | Pencil Dry etching
(mPa-s) {mJiem2) shrinkage ratio | (®) hardness resistance
(%} (relative rate
when
PMMA=1)
Ex.9 108 284 8 93 H 6.5
Ex.10 116 284 7 $ H 0.5
Ex.11 22 567 13 79 4B 0.9
Ex.12 76 252 11 77 - -
Ex.13 45 378 i2 69 H 0.4
Ex.14 - - - - -
Ex.18 - - - - - -
EX.16 15 ' 1260 22 71 ' -
Ex.17 45 Uncured - ‘ - - -
Ex.18 - - - - - -
Ex.19 39 315 10 . T7 H 0.5
Ex.20 37 252 13 76 F 0.6
Ex.21 40 284 9 79 H 0.5
Ex.22 215 284 i4 78 4H 0.3
Ex.23 72 252 9 75 2H 0.4
Ex.24 35 315 8 91 F 0.5
Ex.25 82 284 9 97 0.5
Ex.26 298 378 7 a3 F 0.6
EXAMPLE 27

[0213] At 25°C, one drap of the photocurable composition in Exarmnple 2 was dropped on a silicon wafer, to obtain a
silicen wafer uniformly coated with the composition. A quartz mold having a concave portion with a width of 800 nm, a
depth of 180 nm and a length of 10 pm on its surface was pressed on the photecurable composition on the silicon wafer
and then pressed under 0.5 MPa {gauge pressure) as it was.

[0214] Then, at 25°C, the photocurable composition was irradiated with fight from a high pressure mercury lamp {(a
light source having deminant wavelengths at 255, 315 and 365 nm at from 1.510 2.0 kHz) for 15 seconds from the mold
side to obtain a cured product of the photocurable composition. At 25°C, the mold was separated from the silicon wafer
to cbtain @ molded product comprising a cured product having a convex portion reverse of the concave portion cf the
mold on its surface, formed on the surface of the silicon wafer. The height from the bottom face of the cenvex portion
{o the top face was from 178 to 180 nm.

[0215] Amelded product with a fine pattern on its surface obtainable by the production methed of the present inventien
is useful as an optical element, &n anti-reflection component, biochips, microreactor chips, a recording medium, a carrier
for & catalyst, a replica mold for production, a resist, etc.

{02186] The entire disclosure of Japanese Patent Application No. 2007-182466 filed on June 20, 2007 including spec-

ification, claims, drawings and summary is incorporated herein by reference in its entirety.
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Claims

A photocurable composition comprising a compeund (A) which Is an arematic compound having at least two rings
ar an alicyclic compound having at least two rings and which has two (meth)acryleyloxy groups, a compound (B)
having a fluorine atermn and having at least one carbon-carbon unsaturated double bond {excluding the compound
{A)), & compound (C) having ene (meth)acryloyloxy group {excluding the compound (B)) and a photopolymerization
initiator (D}, In amounts of the compound (A) of from 15 o 60 mass%, the compound (B) of from 5 to 40 mass%,
the compound (C} of from 10 to 55 mass% and the photopalymerization initiator (D) of from 1 to 12 mass% based
on the total amount (100 mass%) of the compound (A), the compound (B), the compound (G) and the photopolym-
erization Initietor (D), and which further contains a fluorinated surfactant {G) in an amount of from 0.1 to 3 parts by
mass per 100 parts by mass of the total amount of the compound (A), the compound (B), the compound (C) and
the photopolymerization initiator (D), the amount of the compound (B) being from 0.5 to 100 times the total mass of

the flucrinated surfactant (G).
2. The photocurable composition according te Claim 1, which containg substantially no soivent.

3. The photocurable cornposition according to Claim 1 or 2, which further contains a compound {E) having two (meth)
acryloyloxy groups (exciuding the compaunds (A) and (B)) in an amount of from 5 to 30 paris by mass per 100 parts
by mass of the total amount of the compound (), the compound (8), the compound (C) and the photopolymerization

initiator (D).

4. The photocurable compositian according to any one of Claims 1 to 3, which further contains 2 compound (F) having
at least three (meth)acryloyloxy groups (excluding the cormpound (B)} in an ametnt of from 5 to 80 parts by mass
per 100 parts by mass of the total amount of the compound (A), the compound (B), the compound (C) and the

photopolymerization initiator (D).

5. The photocurable cemposition according to any one of Giaims 1 to 4, which further contains a fluorepolymer (H} in
an amount of from 5 to 25 parts by mass per 100 paris by mass of the total amount of the compound (A), the
compound (B), the compound {C) and the photopolymerization initiator (D), the amount of the compound (B) being
from 0.5 to 100 times the total mass of the fluoropolymer (H).

6. Amethod fer producing a moided preduct with a fine pattern on its surface, which comprises a step of bringing the
photecurable composition as defined in any one of Glaims 1 to 5 into contact with the surface with a pattern reverse
of the fine pattern of & mold having the reverse pattern formed on its surface, a step of irradiating the photocurabie
composition with light in a state where the photocurable composition is In contact with the surface of the mold to
cure the photocurable composition thereby to obtain a cured product, and a step of separating the mold from the
cured product ta obtain the molded preduct with a fine pattern on its surface.

7. Amethod for producing a molded product with & fine pattern on Its surface, which comprises a step of dispesing
the photacurable composition as defined in any one of Claims 1 to 5 to the surface of a substrate, a step of pressing
amold having a pattern reverse of the fine pattern on its suriace on the photocurable composition so that the reverse
pattern of the mold is in contact with the photocurable composition, a step ofirradiating the photocurable compositien
with light in & state where the mdld is pressed on tha photocurable composition to cure the photocurable composition
thereby te obtain a cured product, and a step of separating the mold, or the substrate and the mold, from the cured
product to obtain the molded product with a fine patter cn its suriace.

8. A method for preducing a molded product with a fine pattern on its surface, which comprises a step of disposing
the photocurable composition as defined in any one of Claims 1 1o 5 to the surface with a pattemn reverse of the fine
pattern of amold having the reverse pattern formed on its surface, a step of pressing a substrate onthe photocurable
compasition, a step of irradiating the photocurable composition with light in a state where the substrate is pressed
on the photocurable composition to cure the photocurable composition thereby to obtain a cured product, and a
step of separating the moid, or the substratz and the mold, from the cured product to abtain the molded preduct

with a fine pattern on its surface,

9. A method for producing a molded product with a fine pattern on its surface, which comprises a step of bringing 2
substrate and a mold having a pattern reverse of the fine patter on its surface into close to or into contact with each
other so that the reverse pattern of the mold is on the substrate side, a step of filling the photocurable composition
as defined in any one of Claims 1 to 5 between the substrate and the mold, & step of irradiating the photocurable
composition with light in a state where the substrate and the mold are close to or in contact with each other to cure
the photocurable composition thereby te obtain a cured product, and a step of separating the mold, or the substrate
and the mold, from the cured product to obtain the molded product with a fine pattern on its surface.



