DESCRIPTION

TITLE OF THE INVENTION

PROCESS FOR PRODUCTION OF REPLICA MOLD FOR IMPRINTING USE

Technical Field
[0001]
The present invention relates to a method for
producing a replica of a mold for imprinting use. The
present application c¢laims the benefit of Japanese Patent

Application Neo. 2010-143118 filed on June 23, 2010.

Background Art
[000z]
In recent vears, a technique which is referred to as
an imprinting method and ¢an falthfully transfer a
microscopic pattern is developed as a method for forming a
fine raised and depressed pattern (see Non-patent Document
1Y. In many cases, an imprinting method of a nano meter
crder 1s referred to as a& nano imprinting methoed, and an
imprinting method of a micro meter order is referred to as
an dimprinting method. Herein, Dboth the methods are
referred to as the imprinting method.
[GGC3]
In the imprinting process, a mold is pressed against
a resin to transfer a pattern formed on the mold onte the
regsin. It is difficult to use a mold material used herein

for a long period of time because the mold material is



generally expensive, and the pattern is broken and a resin
is stuck. Then, a reduction in a production cost has been
achieved by copying the pattern of the mold into a morxe
inexpensiﬁe material and performing imprint using the
pattern as a vreplica of a master while performing
technical development for the long 1ife of the mold as a
master.

Hitherto, there have been known, for example, a
polyvamide oligomer {(Patent Document 1}, a glass-based and
fluorine-based hydrocarbon polymers (Patent Document 2}, a
mixture of a high-moleculsr weight thermoplastic polymer
and a low-melecular weight thermoplastic polymer {(Patent
Document 3}, a cyélic clefin copolymer (Patent Document 4),
a glass-based material, and polydimethylsiloxane, as a
material of a replica wmold for imprinting use.

Howeveyr, the conventional materials have problems in
strength, £lexikility, and formability.

On the other hand, the present inventors have
developed a composition containing a polysiloxane-based
compogition, an ultraviolet ray-curable compound, and a
photegensitive compound as a thin £ilm material having
excellent abrasion resistance because the surface 1is
mineralized and has a significantly high hardness, and
alsgso having an excellent adhesion with an adherend {(Patent

Document 5) .

Prior Art Documents
Patent Documents

jooos]



Patent Document 1: Japanese unexamined Patent Application
Publication No. 2007-216483

Patent Document 2: Japanese unexamined Patent Application
Publication No. 2007-320072

Patent Document 3: Japanese unexamined Patent ZApplication
publication No. 2008-38136 |

Patent Document 4: Japanese unexamined Patent Application
Publication No. 2007-55235

Patent Document 5: WO 2008/069217

Non-patent Documents

fcoos]

Non-patent Document 1: S. Y. Chou et al. Appl. Phys. Lett.,

vol. 67, 1895, P3314

Summary of the Invention
Cbject to be Solved by the Invention
(0006]
Then, it iz an object of the present invention to
provide a method for producing a replica  mold for
imprinting use which is inexpensive‘ and has good

properties including strength and flexibility.

Means to Solve the Object
[0007]

The present inventors made a keen study, and found
cut that bﬁ' applying an organic-inorganic complex
comprising a polysiloxane-baged composition, an
ultraviolet ray-gurable compound, and & photosensitive
compound which they themselves have invented previously

(Patent Document 5) to a vreplica mold material for



imprinting use, a fine raised and depressed pattern having
excellent storage stability hbhefore use and providing a
certain extent of flexibility can be formed, and the
surface has a significantly high hardness as tThe surface
ig mineralized with the fine raised and depressed pattern
maintained after curing, and thus having an excellent
abrasion resistance. The present invention has been thus
completed.

[0008]

That 1s, the present invention relates to the
following ltems:

(1) a method for producing a replica mold comprising
the steps of:

(A) coating a substrate with an organic-inorganic
hybrid material;

(B) semi-curing a ccated surface with heat and/or an
electromagnetic ray to produce a substrate for fine raised
and depressed pattern formation;

{C) pressing a master mold having a predetermined
fine raised and depressed paittern formed thereon against
the substrate for fine raised and depressed pattern
formation by an imprinting method to transfer the fine
raised and depressed pattern ontce the substrate; and

(C) irradiating the substrate for fine raised and
depressed pattern formation cnto which the fine raised and
depressed pattern 1s transferred with an electromagnetic
ray to cure the substrate, wherein the organic-inorganic
hybrid material comprises:

a) an organosilicon compcund consisting of

a compound represented by the formula {(I):



R'WSi%em ... {(I)

(wherein n represents 1 or 2; when n is 2, each R* is
optionally the same or different; R' represents an organic
group; and one or more of R' represent a vinyl group-

containing hydrocarbon group; X represents a hydroxyl
group or a hydrolyzable group; and each X 1is optiocnally
the same or different},

a compound represented by the formula (II):

R%,Si¥ey ... (II)

(wherein n represents 1 or 2; when n is 2, each R® is
optionally the same or different; R° represents an organic
group excluding a vinyl group-centaining hydrocarbon group,
which has a carbon atom bonded directly to 8i in the
formula; X represents a hydroxyl group or a hydrolyzable
group; and each X is opticnally the same or different),

and

a hydrolysis condensate thereof if present,

wherein {[the compound of the formula (I)! + [a unit
derived from the compound of the formula (I) in the
hydrolysis condensate 1if present]} / {[the compound of the
formula (I})] + [the compound of the formula (II)] + [a
unit derived from the compound of the formula (I} in the
hvdrolysis condensate 1f present] + [a unit derived from
the compound of the formula (II) in the hydrolysis
condensate if presenti} x 100 is 30 to 100 mol%; and

{Ithe compound of the formula (II)] + [a unit derived from
the compound of the formula ({(II) in the hydrolysis

condensate if present]} / {[the compound of the formula
{(I}] + [the compound of the formula (II)] + [a unit

derived from the compound of the formula (I} in the

4a



hydrolysis condensate if present] + [a unit derived from
the compound of the formula (II) in the Thydrolysis
condensate 1f present]} »x 100 is 0 to 70 mol%;

b} an electromagnetic rav-curable compound; and

<y a silanol condensation catalyst;

4ib



(2} the method for preoducing a replica mold
according to the item (1), wherein {[the compound of the
formula (I)] + [a unit derived from the compound of the
formula (I) in the hydrolysis condensate if present]} /
{[the compound cf the formula (I})] + [the compound of the
formuia (II)] + [a unit derived from the compound of the
formuia (I) in the hydrolysis condensate 1f present] + [a
unit derived from the compound of the formula (II) in the
hydrolysis condensate if present]l} x 100 is 30 to 95 mol%;
and

{Ithe compound of the formula (II)] + [a& unit
derived from the compound of the formula (II}) in the
hydrolysis condensate if present]l} / {[the compound of the
formula {(I)] + [the compound of the formula (II)] + [a

unit derived from the compound of the formula (I) in the



hydrolysis condensate if present] + [a unit derived from
the compound of the formula (II) in the hydrolysis
condensate if present]} x 100 is 5 to 70 mol%;

(3) the method for producing a replica mold
according Lo the item {1} or {2}, wherein the

electromagnetic ray-curable compound is 80 mass % or less

based on the total mass of the solid content of the

composition;
(4) the method for producing a replica molid
according to any one of the items (1} to (3), wherein the

silanol condensation catalyst is a photosensitive

compound;
(5} the method for producing a replica mold
according to any one of items (1) to (4), further

comprising the step of (E} applying a mold releasing layexr
onto a gurface of the fine raised and depregssed pattern

obtained in the step (D); and

{(6) the wmethod for producing a replica mold
according to any one of items (1) to (5), wherein the
organic-inorganic hybrid material comprises a material for

a mold releasing layer.

[0009]
The present invention alsc relates to (7} a replica
mold obtained by a method according to any one of the

items (1) to (6).



Brief Description of Drawings
[0010]
[Figure 1] Figure 1 1is a photograph obtained by
photographing a surface of a slide glass with an organic-
inorganic hybrid material according to the present
invention after pressing and removing a master mold, by
means of a digital microscope in Example 1.
[Figure 2] Figure 2 1is a photograph obtained by
photographing a pelycarbonate surface with an organic-
incorganic  hybrid material according to the present
invention after pressing and removing a master mold, by
means of a digital microscope in Example 1.
[Figure 3] Figure 3 1s a photograph obtained by

photographing a surface of a substrate after pressing a



glide glass replica mold with an organic-inorganic hybrid
material according to the present invention against the
substrate, and removing the replica mold after a heat
imprint, by means cof a digital micrcscope in Example 1.
[Figure 4] Figure 4 is a photograph obtained by
photographing a surface cf a substrate after pressing a
pelycarbonate rveplica meold with an organijinorganic
hybrid méterial according to the preseﬁt invention.against
the gubsgtrate, and removing the replica wmold after a heat
imprint, by means of a digital microscope in Example 1.
[Pigure 5] Figure 5 is & photograph obtained Dby’
photographing a surface of a substrate after pressing a
slide glasg replica mold with an organic-inorganic hybrid
matefiai according to the present invention against the
gubstrate, aﬁd removing the replica mold after an optical
imprint, by means of a digital microscope in Example 1.
[Figure &) Figure 6 18 a photograph obtained by
photographing a surface of a silicon mold used as a master
mold,. by means of a scanning electron micrescope (S8EM] in
Example 2.

[Figure 7] Figure 7 1s a photograph obtained by putting
and pressing a wmaster mold on a slide glass with an
organic-inorganic hybrid material of the present invention,
and photographing the surface of the mold by an SEM after
a heat imprint in EBExample 2.

[Figure 8} Figure 8 is a photograph obtained by pressing a
replica mold made of a PET film with an Qrganic—inorgaﬁic
hybrid material of the present invention against a

gubstrate and photographing a surface of the substrate by



an SEM after removing the replica mold after an optical
imprint in Example 2

[Figure 2] Figure % is a photograph obtained by pressing a
‘master mold at a preszsure of 4 MPa at 60°C for 3 minutes
and photographing a surface of a PET £ilm (I} with an
organic-inorganic nybrid material according to the present
invention after removing the master wmold by an AFM in
Example 3. |

[Figure 10] Figure 10 is a photograph obtained by pressing
a master mold at a pressure of 12 MPa at 100°C for 3
minutes and photographing a surface of a PET f£ilm (II}
with an crganic-inorganic hybrid material according to the
present invention after removing the méster mold by an AFM
in Example 3.

[Figure 11] Figure 11 is a photograph obtained by pressing
a replica mold (II) according to the present invention
obtained by UV-curing a PET £ilm (II) with an organic-
inorganic hybrid material against a substrate (polymethyl
methacrylate resin) and photographing a suxface oif the
substrate after removing the replica mold by an AFM after
a heat imprint in Bxample 3.

[Figure 12] Figure 12 is a photograph obtained by pressing
a replica mold (II} according to the present invention
obtained by UV-curing a PET f£ilm (II) with an organic-
inorganic hvbrid material against =) subsgtrate
(polycycloolefin xesin} and photographing a surface of the
. substrate after removing the replica mold by an AFM after
a heat imprint in Example 3.

[Figure 13] Figure 13 is a photograph obtained by pressing

a replica mold (II) according to the present invention



obtained by UV-curing a PET f£ilm (II) with an organic-
inorganic hybrid material against a substrate and
photegraphing a surface of the substrate after removing
the replica mold by an AFM after an optical imprint (700
md/cm®) in Example 3.

[Figure 14] Figure 14 i1s a photograph cbtained by pressing.
a replica. meld (II} according to the present invention
cbtained by UV-curing a PET film (II) with an organic-
inorganic hybrid wmaterial against a substrate and
photographing a surface of the substrate after removing
the replica moid by an AFM after an optical imprinﬁ (1500

mJ/cm?) in Example 3.

Mode of Carrying Out the Invention
[6011]

In the present invention, "a replica mold® means a
replica of a mold used in an imprinting method pressing a
mold (metal mold) having a fine raised and depressed
patbern'againigw@wxegin-to transfer the fine raised and
depressed pattern to the resin.

In addition, "an electromagnetic ray" means an
ultraviolet ray, an X ray, a radioactive ray, an ionized
radicactive ray, and an ionizing radicactive ray (o-, PB-,
y-rays, neutron ray, electron ray).

"Semi~cured" means having noc tack properties, and
that it dis cured so that no crack is generated by
following the mold when moliding. Further, “cured" means a
state where it -is cured to the extent that it does not
gcar easily with an abrasion by steel wool.

iop12]
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1. Organic-Inorganic Hybrid Material

An organic-inorganic hybrid material of the present
invention 1is a composition for forming an organic-
inorganic hybrid material layver to produce a fine raised
and depressed pattern by laminating it on & substrate.
The organic-inorganic hybrid material 1s an organic-
inorganic hybrid material that can be irradiated with an
electromagnetic ray to cure the organic-inorganic hybrid
material without removing a master mold from a substrate
for fine raised and depressed pattern formation onto which
the fine raised and depressed pattern 1ls transferred, as
usual, and the organic~inorganic hybrid material can be
irradiated with the electromagnetic ray, with the master
mold removed from the substrate for fine raized and
depressed pattern formation onto which the fine raised and
depressed pattern ig transferred, to cure the organic-
inorganic hybrid material. The organic-inorganic hyorid
material particularly preferably ccntains the feollowing
compenents.,
[G013]
a) Organosilicon Compound

An organosilicon compound in the organic-inorganic
hybrid material of the present inventicn contains the
following components:

a~1) a compound represented by the formula (I;}:

RYMSiXgey o (D)

(wherein n represents 1 or 2; when n is 2, R® may be
the same or different; R represents an organic group; and

one or more of RY represent a wvinyl group-containing

11



hydrocarbon group; X represents a hydroxyl group or a
hydrolyzable group; and X may be the same or different);

a-2) a compound represented by the formula (II):

R, 8i%s ... (II) _

{(wherein n represents 1 or 2; when n is 2, R may be
the‘ same or different; R’ represents an organic group
exeluding the vinyl group~containing. hydrocarbon group,
which has a carbon atom bonded directly to 8i in the
formula; X represents a hyﬁroxyl group <or a hydrolyzable
group; and X may be the same or differeﬁt}; and

&-3) a hydrclysis condensate thersof if present.
0014}

The organcsilicon compound in the organic—inorganic
hybrid material of the present invention is a mixture of

the compound represented by the formula (IY, the compound

represented by the formula (II), and the hydrolysis
condensate thereof if present. The compound represented
by the formula (II) and the hydrolysis condensate

‘containing the compound as a unit may not necessarily
exist. The hydrolysis condensate may be such ag a dimer
chtained by subjecting cémpounds to hydroiytic
condensation to form a siloxane bond, and may be obtained
by subijecting only the compound of the formula (I} or ({(II]
to hydrolytic condensation. The hydrolysis condensate may
be obtained by subjecting the compound of the formula (I)
and the compound of thes formula (II) to hydrolytic
condengation. These two or more kinds may be mixed.
[0o1s]

{ {The compound of the formula (I)] + [a unit derived

from the compound of the formula (I} in the hydrolysis

12



condensate if present]} / {ithe compound of the formula
(ry] + ([the compound of the forﬁula (I}l + [a unit
derived from the compound of the formula (I) in the
hydrolyvsis condensate if present] + {é unit derived from
the compound of the formula (IX} in the hydrolysis
condensate if presentl} x 100 is preferably 30 to 100 mol%
- and more preferably 30 to %5 wmoel%; and

{ithe compound of the formula (II})] + f{fa unit
derived from the compound of the formula {II} in the
hydrolysis condensate if present]} / {[the compound of the
formuila (I)] + [the compound of the formula (II)} + [a
unit derived from the compound of the formula (I} in the
hydrolysis condensate if present] + [a unit derived from
the compound of the formula (II} din the hydrolysis
condensate if present]} x 100‘is preferably ¢ to 70 moly,
and more preferably 5 to 70 mol%.

The average particle diameter o©f the hydrolysis

condensate isg preferably 2 =nm to 1060 nm, . and more
‘preferably' 5 om to 30 nmm. When the average particle
diameter is greatery than 100 nm, a f£ilm becomes clouded,
and a solution becomes unstable, and is easily gelled.
When the average particle diameter is smaller than 2 nm, a
film coating property may be adversely affected.

[00i6])

In the formula (I}, n represents 1 or 2, and n=1 is
preferred. When n is 2, each RY may be the same or
different. R represents an organic group, and one or more
ﬁoﬁ R' represent a vinyl group-containing hydrocarbon group.
That is, when n is 1, R’ is a wvinyl group-containing

hydrocarbon group. When n is 2, one or two of R' is the

13



vinyl group-containing hydreccarbon group. A group
exciuding the vinyl group-containing hydrocarbon group is
the crganic group..

Examples of the organic group inciude a hydrocarbon
group (containing the wvinyl group-containing hydrocarbon
group) which may contain a substituent, and a group made
of a wvinyl compound pelymer which wmay contaln a
gubstituent.

Examples ©f the hydrocarbon group include an alkyl
group, & c<ycloalkyl group, a vinyl group-containing
hydrccarbon group, an alkynvi group, and an aryl group.
Of these, a group excluding the wvinyl group-containing
hydrocarbon group is preferably a hydrocarbon group having
1. to 30 carbon atoms which may contain a substituent, and
more preferably an alkyl group having 1 to 10 carbon atoms
and an epoxyalkyl group having 1 toc 10 carbon atoms.

Examples of the vinyl group-containing hydrocarbon
group include alkenyl groups (preferably, alkenyl groups
having 2 to 8 carbon atoms) such as a vimyl group, an
allyl group, a 3-butenyil group, and a 4-hexenyl group, and
cycloalkenyl  groups (preferably, cycloalkenyl  groups
having 3 to 8 carbon atoms) such as a 2-oeyelopropenyl
group, a 2—cyclbpentenyl group, a 3I-oyelichexenyl group,
and a 4-cyolooectenyl group.

The organic group may conbzin a silicon atom, and
may be a group containing pblymerg such as polysilcoxane,
polyvinylsilane, and polyacrylsilane.

[0017]
Herein, examples of the alkyl group include methyl,

ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl,

14



isobutvi, amyl, isoamyl, tert-amyl, hexvil, heptyl,
isoheptyl, tert-heptyi, n-octyl, isococtyl, tert-octyl, and
2-ethylhexyl. Of these, an alkyl gzroup having 1 teo 10
carbon atoms is preferred.

Examples of the cycloalkyl group include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl. Of
these, a cycloalkyl group having 3 to 8 carbon atoms is
pfeferred.

Examples of the alkynyl group include an ethynyl
group, a l-propynyl group, a Z-propynyl group, & L-butynyl
group, a 2Z-butynyl group, a 3-butynyl group, a l-methyl-2-
propynyl group, a 2-methyl-3-butynyl group, a 1l-pentynyl
group, a 2-pentynyl group, a 3-pentynyl group, and a 4-
pentynyl group. Of thesge, an alkynyl group having 2 to 6
carbon atomg is preferred.

The‘arylrgroup means a monocyclic or peolveoycelic aryl
group. The polycyclic aryl group includes a partially
gaturated group in addition to a fully s=aturated group.
Examples of‘ the aryl group include a phenyl group, a
naphthyl group, an azulenyl éfoup, an indenyl group, an
indanvl group, and a tetralinyl group. O©Of these, an aryl
group having 6 te 10 carbon atoms is preferred.

[0018]

Examples o0f "a substituent® in the phrase “may
contain a substituent® include a halogen atom, an alkoxy
group, an alkenvloxy group, an alkenylcarbonyloxy group,
and an epoXy group.

(00191
Examples of the halogen atom include £fluorine,

chlorine, bromine, and iodine.

15



Examples of the alkoxy group include methoxy,
ethoxyl, n-propoxy, isopropoﬁy, n-butoxy, isobutoxy, sec-
butexy, tert-butoxy, n-pentoxy, isopentoxy,.neopentoxy, 1-
methylbutoxy, n-hexyloxy, isohexvloxy, and émmethylpentoxy.
An alkoxy group having 1 to 10 carbon atoms is preferred.

The alkenyloxy group is a group wherein an alkenyl
group having a carbon-carbon double hond at one or more
gites is Dbound to an oxygen atom, Examples thereof
include vinyloxy, 2-propemnyloxy, 3-butenyloxy, and 4-
pentenyloxy. An alkenyloxy group having 2 to .10 carbon
atomg is preferred. "

The alkenylcarbonyloxy group ig a group wherein an
alkenyl group is bound with a carbonyloxy group. Examples
thereof include acryloyloxy, methacryloyloxy,
allylcarboﬁyloxy, and 3~butenylcarbonylioxy. aAn
alkenylcarbonyloxy group having 2 to 10 carbon atoms is
preferread.

[0o201

Examples of the vinyl compound polymer which may
contain a substituent include vinyl polymers obtained by
homopelymerizing or copolymerizing (meth)acrylic esters
such | a8 methyl (meth)acrvlate, ethyl (meth)acryvliate,
butyl {meth)acrylate, {(meth)acryliate 2-ethylhexvyli, and
cyclohexyl {meth)acrylate;
acid anhydridesg of carboxylic acids such as (meth)acrylic
acid, itaconic acid, fumaric acid, and maleic acid
anhydrides;
epoxy compounds_such as glycidylimeth)acrylate;
amine compounds such as diethylaminocethyl (meth)acrylate

and aminoethyl wvinyl ether;

16



amide compounds such as {meth}acrylamide, itaconic diamide,
a-ethylacrylamide, crotonamide, fumaric diamide, maleic
diamide, N-butoxy methyl (meth)acrylamide; and

vinyl compounds sgelected from geryvionitrile, styrene, o-
methylstyrene, vinyl chloride, vinyl acetate, and vinyl
propionate.

[0o21]

In the formula (IT), n represents 1 or 2, and n=1 ig
more preferred. When n is 2, each R® may be the same or
different. R* represents an organic group excluding a
vinyl group-containing hydrocarbon group which has =&
carbon atom bonded directly to 8i 1in the formula.
Examples of the organic group of R’ inciude the organic
groups of R'.
foozz]

In the Eformula (I} and the formula (II}, X
represents a hydroxyl group or hydrolyzable group. Each X
may ke the same or different. The hydroliyzable group
means a group which can generate a silanol group by being
hydrolyzed, when heated at 25 to 100°C, for an example, in
the absence of catalyst and in the copresence of excess
water; or a group which can form a siloxane condensate.
Specific examples include an alkoxy group, an acyloxy
group, & halogen atom, and an isocyanate ‘g‘géfoup. An alkoxy
group having 1 to 4 carbon atoms Or an acyloxy group
having 1 to 4 carbon atoms is preferred. )
ionzzl

Examples of the alkoxy group having 1 to 4 carbon
atoms include a methoxy group, an ethoxy group, a n-

Propoxy group, an 1sopropoxy group, a n-butoxy group, a
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sec-butoxy group, and a t-butoxy group. Examples of the
acyloXy group having 1 to 4 carbon atoms include acyloxy
groups such as formyloxy, acetyloxy, and propanoyloxy.
[c024]

Specific examples of the compound represented by the

formula () inciude vinyltrimethoxysilane,
vinyltrichlorosilane, vinyvltriethoxysilans,
vinyltxibutoxysilane, vinyltriisopropoxysilane,
allyltrimethoxysilane, 3-butenylitrimethoxysilane, 2-
cvelopropenyitrimethoxysiiane, 2-
cyclopentenyltrimethoxysilane, 2~
‘cyclohéxenyltrimethoxysilane, . divinyldiaminesilane,
divinyldichlorosilane, divinyldiacetoxysilane,
divinyldimethoxysilane, diallyidimethoxysilane, di-3-
butenyldimethoxysilane, vinylmethyldimethoxysilane,

vinylethyldiethoxysi}ane, allylmethyltrimethoxysilane, and
aliylethyltriethoxysilane.
Examples of the compound represented by the formula

{IT) include methyltrichlorogilane, methyltrimethoxysilane

methyltriethoxysilane, methyltributoxysilane,
ethyltrimethoxysilane, ethyltriisopropoxysilane,
ethyltributoxysilane, butyitrimethoxysilane,

pentafluorophenyl trimethoxysilane, phenyltrimethoxysilane

nonafluorchutyiethyltrimethoxysilane,

trifluorcomethyltrimethoxysilane, @%methyldiaminosilane,
dimethylidichlorcsilane, : diééthyldiaeetoxysilane,
dimethyldimethoxysilane, diphenyldimethoxysilane,
dibutyldimethoxysilane, trimethylchlorosilane, 3-
{meth)acryloxypropyl trimethoxysilane, -
glycidoxypropyltrimethoxysilane, 3-{3-methyl-3-
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oxetanemethoxy)propyltrimethoxyzilane,
oxacyclohexyltrimethoxysilane,

methyltri {meth)acryloxysilane, methyl|[2-
(meth)acryloxyethoxy]silane, methyl-triglycydiloxysilane,
and methyltris{3-methyl-3-oxetanemethoxy)silane.

{0023]

These can be used alone ¢r two or more kinds of them
can be used in combination.

When using the organcsilicon compounds in
combination, preferred examples of combination include the
combination of vinyltzrimethoxyzilane and 3-
methacryloxypropyltrimethoxnysilane; and the combination of
vinmyltrimethoxysilane and 3~glycidoxypropyl
trimethoxysilane.
fTogas]

These organosilicon compounds may be a condensate.
Specific examples of the condensate include a dimer
wherein the organosilicon compounds are subjected to
hydrolytic condensation to form a siloxane bond.

[0027]

Among the organosilicon compounds represented by the
formula {I), those of which carbon number of R is 3 or
lesg are 30 mol% or more based on the organosilicon
compound . represented Dby the formula (I), and mwmore
preferably 50 to 100 mol%. Those cf which carbon number
of R' is 4 or more are 70 mol% or less based on the
compound represented by the fgrmula (I}, and more
preferably 0 to 50 mol%.

[cC28]

b} Blectromagnetic Ray-Curable Compounds

19



The electromagnetic ray-curable compound of the
present invention is a compound polymerizing by
irradiation with an active energy ray. Particularly, it
is a compound or resin having a functional group which
causes a polymerization reaction by irradiation with an

ultraviolet ray 1in the presence of a photopolymerization

initiator. Examples  thereof include (meth)acrylate
compounds, epoxy resin, and vinyl compounds excluding
acrylate compounds. The number of functional group is 1
oY more.

Examples of the acrylate compounds include
polyurethane (meth)acrylate, polyester (meth)acrylate,
epoxy{meth)acrylate, polyamido (meth)acrylate,
polybutadiene (meth)acrylate, polystyryl (meth)acrylate,
polycarbonate diacrylate, Tripropylens glycol

di (meth)acrylate, hexane dioldi(meth)acrylate, trimethylol

propane tri{meth)acrylate, pentaerythritol
tri(meth)acrylate, and giloxane polymers having a
(meth)acrvloyloxy group. Polyester {(meth)acrylate,

polyurethane (meth)acrylate, and epoxypoly (meth)acrylate
are preferred, and polyurethane (meth)acrylate 1s more
preferred.

The electromagnetic ray-curable compound has
compatibility with other hard coat layer compositions.
Usually, a mass-average molecular weight is 500 te 30,000,
and preferably 1,000 to 10,000,

[0029]
An epoxy{meth)acrylate can be c¢cbhtained, for example,

from an esterificaticn reaction of an oxirane ring of a
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low molecular weight bisphencl-type epoxy resgin or novolac
epoxy resin and acrylic acid.

Polyester{meth)acrylate is obtained, for example, by
esterifying with acryiic acid a Thydroxyl group of
polyester oligomer having a hydroxyl group at both ends
which 1is obtained by a condensation of multivalent
ca.rboxylic acid and multivalent alcohol. Alternatively,
it is obtained by esterifying with acrylic acid a hydroxyl
group at the end of an oligomer obtained by adding
alkyleneoxide to a multivalent carboxylic acid.

Urethane {(meth)acrylate 1is a reaction product of an
isocyanate compound cobtained by reacting polyol and
diisocyanate, and an acryléte monomer having a hydroxyl
group. Examples of polyel include polyester polyol,
polyether polyol, and polydarbonate diol.

[0030]

Commercialized products of urethane(meth)acrylate
uged in the present invention include the followlings:
manufactured by Arakawa Chemical Industries, Ltd.; Product
Name: BEAM SET102, 502H, 5H05A-6, 510, 550R, BE51RB, 575,
575CB, EM-%0, EMSZ;
manufactured by San Nopco Limited; Product Name: Photomer
6008, 6210;
manufactured by Shin-Nakamura Chemical Co., Ltd.; Product
Name: MK olige U-2PPA, U-4HA, U-6HA, H-15HA, UR-32PA, U-
3244, U~4H, U-6H;
manufactured by Toagosei Co., Ltd.; Product Name: »2Alonix
M-1100, M-1200, M-1210y M=1310, M-1600, M-1960;
manufactured by Kyoeisha Chemical Co., Ltd.; Product Name:

AH-600, ATe06, UA-3206H;

2% -



manufactured by Nippon Kayaku Co., Ltd.; Product Name:
KAYARAD UX-2201, UX-2301, UX-3204, UX-3301, UX-4101, UX-
£101, UX—710i;

manufactured by The Nippon Synthetic Chemical Industry Co.
Ltd.; Product ¥Name: Ultraviolet UV-1700B, UV-3000B, UV-
61008, UV-63008, UV-70C0, UV-7600B, UV-2010B, UV-7610B,
v-76308, UV-75508;

manufactured by Negami Chemical Industrial Co., Ltd.;
Product Name: ART RESIN UN-1255, UN-5200, HDP-4T, HMP-2,
UN-901T, UN-3320HA, UN-3320HB, UN-2320BC, UN-3320H5, H-61,
HDP-M20;

manufactured by Daicel UCB Company Ltd.; Product Name:
Ebecryl 6700, 204, 205, 220, 254, 12592, 1290K, 1748, 2002,
2220, 4833, 4842, 4Be6, 5129, 6602, 8301; and

manufactured by Daicel-Cytec Company Ltd.; Product Name :
ACA200M, ACAZ23JAA, ACAZESG, ACAZ3I00, ACAZ3Z0.

6031}

Examples of vinyl compounds excluding acrylate
compounds include N-vinyl pyrrolidone, N-vinylcaprolactam,
vinyl acetate, styrene, and unsaturated polyester.
Examples of epoxy resin include hydrogen added-bisphenol A
diglycidyl ether, 3, 4-spoxyeyclohexylimethyl-3,4-
epoxycyclohexane carboxylate, 2-(3,4-epoxycyclohexyl-5,5-
spiro-3, 4-epoxy) cyclohexane-metha~dioxane, and bis(3,4-
epoxycyclohexylimethyl)adipate.

[o032]

Examples of photopolymerization initiator include
(i) a compound which generates cationic species by light
irradiation; and (ii) = compound which generates active

radical species by light irradiation.
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As the compound which generates cationic species by
tight drradiation, £for exawmple, an onium szalt having a
gtructure shown by the following formula (IIT) can be
sultably exemplified.

The onium.salt is a compound which releages Lewis
acid by recelving light.

[RTaRIR* R W] *® [MLey] ® (IIT)

{In the formula (III}, cation isg an onium'ion; W ois S, Se,
Te, P, As, Sb, Bi, O, I, Br, Cl or N=N-; R*, R*, R’ and R
are the same or different organic group; a, b, ¢, and d
are each an integer of 0 to 3; and {(a+b+c+d) is equal to
the valence of W; M is a metal or metalloid constituting
the central atom of the halogenated complex [ML..e), and
examples include B, P, Asg, &b, Fe, S8n, Bi, AL, Ca, In, Ti,
Zn, Sc, V, Cr, Mn, and Co. L is, for example, a halogen
atom such as F, Ci, and Br. "g® 45 a net charge of a
halogenated complex ion, and "f£* is an atomic value of M.)
i0033]

Specific examples of negative Ion (MLe,:) in the
formula {(III) include tetrafliuoroborate (BF.),
hexaflucrophogphate (PFs'), hexafluorcantimonate (SbF: ),
hexaflucrocarcenate (Ang); and hexachlorocantimonate
(ShCle ) .

An onium salt having & negative ion represented by
formula [MLEf(OH} ] can also be used. Further, i1t may be an

onium salt having other negative ionsg such as perchlorate

ion {(ClO47}, triflucromethane sulfonate ion {CF:80;7),
fluorosulfonate ion {FSC37), roluenesulfonate ion,
trinitrobenzene sulfonate negative ion, and

trinitrotoluene sulfonate negative ion. These can be used
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alone or two or wmoere kinds of them can be usged in
combination,.
[0034]

Examples of a compound which generates active
radical specieg by light irradiation include, acestophenone
acetophencne benzyl ketal, 1-hydroxycyclohexyl phenyl

ketone, 2,2-dimethoxy-1,2-diphenylethan-1-one, xanthone,

fluorenone, benzaldehyde, fluoreine, anthragquinone,
triphenylamine, carbazole, J-methylacetophenone, 4-
chlorokhenzophenone, 4, 4" -dimethoxybenzophenone, 4,44 -

diaminobenzophenone, benzoin propyl ether, benzoin ethyl
ether, benzyldimeﬁhyl ketal, 1-{4-isopropylphenyi}-2-
hydroxy-Z-methylpropan-l-one, ~ Z2-hydroxy-2-methyl-1-
phenylpropan-1l-one, thioxanthone, diethylthioxanthone, 2-
igopropylthioxanthone, 2-chlorothioxanthone, 2-methyl-1-
[4- (methylthio)phenyll -2-morpholino-propan-i-one, 2-
benzyl-2-dimethylamino-1-{4-morpholinophenyl) -butanone-
1,4~ (2-hydroxyethoxy)phenyl- (2-hydroxy-2-propyl)ketone,
2,4,6~trimethylbenzoyldiphenylphosphine oxide, Dbis-(2,6-
dimethoxybenzoyl) -2,4,4-trimethylpentyliphosphine oxide,
and oligo{2-hydroxy-2-methyl-1-(4-(1-
methylvinyl) phenyl) propancne) .
[00351

AS for the compounding level of the
photopolymerization initiator used in the | present
invention, it is preferred to compound 0.01 to 20 mass %

based on the solid content of a (meth)acrylate ultraviolet

-

ray~curable compound, and more preferably 0.1 .to 10 mass %.

[0036]
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In the present invention, a sensitizing agent may be
added according to need. For example, trimethylamine,
methyldimethanclamine, triethanolamine, -
dimethylaminoacetophenone, p-dimethylamino benzoic acid
ethyl, n-dimethylamino benzoic acid isocamvyl, N, N-
dimethyibenzylamine, and 4,47-
bis(diethylamino)benzophencne can be used.

[0037]

It is preferred that the ultravicolet ray-curable
compound 1s 80 mass % or less pased on fThe total mass of
the solid content of the organic~inorganic hybrid material.
[0038]
¢) Silanol Condensation Catalyst

The silanol condensation catalyst hydrolyses a
hydrolyzable group in the compound represented Dby the
formula (L), and condensates silanol to make a siloxane
kond. Examples thereof include an organic metal, an
organic acid metal =alt, an acid, a base and a metal
chelate compound. The silanol condensation catalysts can
be used alone or two or more kinds of them can be used in
combination.

Examples of the organic metal include alkyl metal
compeounds such as tetramethyl tTitanium and tetrapropyl
zirconium, and metal alcoholates such as tetraisopropoxy
titanium and tetrabutoxy zirconium,.

Examples o©f the ocrganic acid metal salt include
carboxylic acid metal salts, sulfonic aclid metal salts,

and phenol metal salts.
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Examples of the metal chelate compound include a B-
ketocarbonyl compound, a fB-ketoester compound, and an o-
hydroxy ester compound.

Examples of the acid incliude an organic acid and
mineral acid. Specific examples of the organic acid
include acetic acid, formic acid, oxalic acid, carbonic
acid, phthalic acid, trifluoro acetic acid, p-toluene
sulfonic acid, and methane sulfonic acid. Specific
examples o©f the mineral acid include hydrochloric acid,
nitric acid, boric acid, and flucrcboric acid.

Herein, other examples of the acid Iinclude photo-
acid-generating agénts which generate acid by light
irradiation. Specific examples thereof include
diphenyliodonium hexafluorophosphate, and
triphenylphosphonium hexafluocrophosphate.

| BExamples o©f the base include strong bases guch as
tetramethylguanidine o and
tetramethylguanidylgéopy1trimethoxysilane; organic amines,
carboxylic acid neutralization salt of organic amine, and
Quaternary ammonium salt.
[003¢2]

Of these, a photosensitive compound which can remocve
carbon compeonents on the surface side by the action of a
light having a wavelength of 350 nm or less 1is
particuliarly preferred.

The photosensitive compound is a compound which can
remove carbon components on the surface side by the action
of a light having a wavelength of 3250 nm or less
ifradiated from the surface side, regardless of the

mechanism thereof, and preferably a compound which can



make the carbon content on the surface part at 2 nm in the
depth direction from the surface to be 80% or lessz, more
preferably 2 to 60%, and further preferably 2 to 40% based
on the part where the carbon level ig not reduced (in case
of a f£ilm, for example, the back side part at 10 nm in the
depth direction Zfrom the £film back side). Particularly
preferably is a compound which can remove carbon
components to a cexrtain depth so that the'remaved amount
is gradually decreased from the surface side, specifically
a compound which can form a  layver wherein the carbon
content increases gradually from the surface to a certain
deptlh. Specifically, for example, a compound which
excites by absorbing a light having a wavelength of 350 nm
or less can be exemplified.

Herein, a light having a wavelength of 350 nm or
less means a light formed by using a 1light souxrce
comprigsing a light having any wavelength of 350 nm or 1@58
as a component, preferably a light formed by using a light
source comprising a light having any wavelength of 350 nm
or lesg as a main component, specifically a light formed
by using a light scurce comprising a light wherein the
wavelength having the highest component level is 350 nm or
less.

[‘5)040}

“ The photosensitive compound used in the present
invention is at least one kind of compound selected from
the group consisting of a metal chelate compound selected
from Ti, 8n, Al, and Zr, a metal organic acid metal salt
selected from Ti, 8n, Al, and 2Zr, a metal compound

containing a metal selected from Ti, Sn, A1, and Zr and
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having 2 or more hydroxyl groups or hydreolyzable groups
(excluding the metal chelate compound and the organic acid
metal salt), a hydrolysaté thereof, and a condensate
thereof, and preferably a hydrolysate and/or condensate
thereof. Particularly, a hydrolysate and/or condensate of
a metal chelate compound is preferred. Examples of
compounds derived therefrom include those further
condensed from a condengate of a mektal chelaté compound .
Such photosensitive compound and/or a derivative thereof
may be chemically beund with an organcsilicon compound,
dispersed in'a non-binding state, or in a mixed state of
these, as described above. 7

[0042]

As for the metal chelate compmuﬁd gelected from Ti,
8n, Al, and Zx, a metal chelate compound having a hydroxyl
group or hydrolyzable group ig preferred, and a wmetal
chelate compound having 2 or wmore hydroxyl groups or
hydrelyzable groups is more preferred. Having 2 or more
hydroxyl groups or hydrolyzable groups means that the
total o0f hydrolyzable group and hydroxyl group is 2 or

more. As for the metal chelate compound, a B-ketocarbonyl

compeund, B-ketoester compound, and a~hydroxyester
compound are preferred. Specifically, compounds wherein
B-ketoesters such as methyl acetoacetate, n-propyl

acetoacetate, lsopropyl acetoacetates, n-butyl acetcacetate,

gec-butyl acetoacetate, and t-butyl acetoacetate; B-
diketones such as acetylacetone, hexane-2,4-dione,
heptane-2,4~-dione heptane-3,5-dione, ovtane-2,4-dione,
nonane-2,4-dione, and 5-methyl-hexane-2,4~-dione; and
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hydroxy carboxylic acids such as glycol acid and lactic
acid are coordinated can be exemplified.
[co42]

The metal organic acid metal salt selected from Ti,
Sn, &1, and Zr is a compound consisting of a metal ion and
salt obtained from an organic acid. Examples of the
organic acid include organic compounds exhibiting acidic
property including: carboxylic acids such as acetic acid,
oxalic acid, tartaric acid, and benzolic acid; sulfur
containing organic acids such as sulfonic acid, sulfinic
acid, &and thicphenol; a pheﬁol compound; enol compound;
oxime compound; imido compound; and arcwatic sulfonamide.
[0043]

Metal compounds containing a metal selected from Ti,
Sn, AL, and Zr and having 2 or more hydroxyl groupg or
hydrolyzable groups do not comprise the metal chelate
compounds and organic acid metal sgaltsg.. Bxamples thereof
include hydroxides of the metals, and metal alcoholates
such as propoxide, isopropoxide, and butoxide.

[0044]

Examples of  hydrolyzable groups in the wawetal
compound, metal chelate compound or organic acid metal
gsalt include an alkoxy group, acyloxy group, halogen group,
and isacyanate group. An alkoxy group having 1 to 4
carbon atoms, and acyloxy group having 1 to 4 carbon atoms
are preferred. Having 2 or more hydroxyl groups oOr
hydrolyzable groups means that the total of the
hydrolyzable group and hydroxyl group is 2 or more.

[0045]
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A hydrolysate and/or condensate of such metal
compound is preferred to be hydrelyzed by using 0.5 mol or
more of water based on I mel of a metal compound having 2
or more hydroxyl groups or hydrolyzable groups, and mozre
preferred to be hydrolyzed by using 0.5 £o 2 mol of water.
[C046)

A hydrelysate and/or condensate of the metal chelate
compound ié preferred to be hydrolyzed by using 5 to 100
mol of water based on 1 mol of the metal chelate compound,
aﬁd more preferred to be hydrolyzed by using 5 to 20 mol
of water.

00471

A hydrolysate and/or condensate of the organic acid
metal salt ig preferred to be hydrolyzed by using 5 to 160
mol of water based on 1 mol of the organic acid metal salt,
and mdre preferred to be hydrolyzed by using 5 to 20 mol
of water.

[oc4g]

In the present invention, when using 2 or more kinds
of wgilanol condensation catalyst, it may comprise a
compound with photosensitivity described above, or may not
comprise a compouﬁd with photosensitivity. A  compound
having photosensitivity and a compound mnot having
photogengitivity may used in combination.

[0049]

The organic-inorganic hybrid material of the present
invention containg a material of a mold releasing layer to
be described later, and thereby the mold releasing layer
can be formed without being performed as a £ifth step.

00501
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Z. Preparation c¢f Organic-Inorganic Hybrid Material

A method for preparing the organic-inorganic hybrid
material of the present invention comprises adding water
and a solvent according to need, and mixing an
organosilicen compound, an electromagnetic ray-curable
compound, and & silanol condensation catalyst.

Specifically, known conditions and methods may be
employed. It may be prepared according to the method
described in, for example, WO2008/69217 pamphlet.

[0051]

The examples of the solvent to be used include:
aromatic hydrocarbon atoms such as benrzene, toluene, and
xylene; aliphatic hydrocarbon atoms such as hexane and
cctane; alicyclic hydrocarbon atoms such as cyclohexane
and cyclopentane; ketones such as acetone,
methylethylketone, and c¢yclohexanones; ethers such as
tetrahydrofuran and dioxane; esters such ags ethyl acetate
and butyl acetate; amides such as N,N-dimethylformamide
and N,N-dimethylacetcamide; sulfoxides such as
dimethylsulfoxide; alcohols such as methancl, ethanol,
propanol, and Dbutanol; polyalcohel derivatives such as
ethylene glycol monomethyl ether and ethylene glycol
monomethyl ether acetate. These solvents can be used
alone or two or mnmore kinds of them can Dbe used in
combination.

When combining 2 or more kinds, £for example, the
combination of butanol/ethyl acetate/ethanol can be
preferably exemplified.

[G052]
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The scolid content of the organic-inorganic hybrid
material of the present invention (organosilicon component,
ultraviolet ray-curable compound, silancl condensation
catalyst, and photopolymerization initiator) is preferably
1 £o 75 mass %, and more preferably 10 fTo 60 mass %. The
ultravioclet ray-curable compound is used preferably by 80%
or less, and more preferably 10 te 70 % of the total mass
of the solid content of the organosilicon compound and/or
a hydrolysis condensate thereof, silanol condensation
catalyst, ultraviolet ray-curable compound[ and
photopolymerization initiator.

When the photosengitive compound ig contained as the
silanol condensation catalyst, the content of the
phetosensitive compound depends on the kind therecf. The
metal atom in the photosensitive compound i1is generally
0.01L to 0.5 molar equivalents, and preferably 0.05 to 0.2
molar eguivalents, Dbased on S5i  in  the organcsilicon
compound.

[C053] Tetrafuncticonal silane or ceolloidal silica can be
added to the crganic-inorganic hybrid material in order to
enhance hardness of the cbtained organic-incrganic hybrid
material laver. Examples of the fetrafuntioncal silane
include: tetraaminosilane, tetrachlorcsilane,
tetraacetoxysilane, tetramethoxysilane, tetraethoxvsilane,
tetrabutoxysilane, taetrabenzyloxysilane,
tetraphencxysilane, tetra(meth)acryloxysilane, tetrakis[Z-
(meth)acryloxyethoxylsilane, tetrakis (2-
vinyloxyethoxylsilane, tetraglycidyloxysilane, tetrakis(Z-

vinyloxybutoxy)silane, and tetrakis(3-methyl-3-
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oxetanemethoxy)silane. As the colloidal silica, water-
dispersikble colloidal silica and colloidal silica wherein
organic scolvents such as methanol and isopropylialeohol are
dispersed can be exemplified.

[0034]

2. Substrate for Fine Raised and Depressed Pattern
Formation

The substrate for fine raised and depressed pattern
formation in the present invention is a substrate for
producing a fine raised and depressed pattern, and is a
gsubstrate having a semi-cured material laver of the
organic-inorganic hybrid material formed.

It. means that the semi-cured material - of the
organic-inorganic hybrid material containsg a compound in
which at least a part of the organosilicon compound of the
organic-inerganic h?brid material is subjected to
hydrolytic condensation  when heating processing is
perfcrmed. It meang that the semi-cured material contains
a compound in which at least a part of the organosilicon
compound in the organic mineral complex is subjected to
hydrolytic condensation, and a compound in which a part of
the electromagnetic ray-curable compound isg cured, when an
electromagnetic ray is used.

[0055]

The gemi-gured material of the organic-inorganic
hybrid material of the present invention comprises:

a) an corganosilicon compound comprising:

a compound represented by the formula (I):

RYBiXeen ... (I)
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{(wherein n represents 1 or 2; when n is 2, each R’
may be the same or different; R' represents an organic
group; and one or more of R' represent a vinyl group-
containing hydrocarbon group; X represents a hydroxyl
group or a hydrolyzable group; and each X may be the same
or different),

a compound repregented by the formula (II):

R*pSiXsn ... (II)

(wherein n represents 1 or 2; when n is 2, each R?
may be the same or different; R’ represents an organic
group excluding a vinyvl group-containing hydrocarben group,
which has a carbon atom bonded directly to 8i in the
formula; X represents a hydﬁoxyl group or a hydrolyzable
group; and each X may be the same or different), and

a hydrolysis condengate thereof,

b) an electromagnetic ray-curable compound or a
partially cured electromagnetic ray-curable compound; and

¢} a silanol condensation catalyst.

Herein, specific examples of the substituents are
the same as those of the compounds represented bf the
formulae (I} and (II) in the organic-inorganic hybrid
material.

[0056]

Although the organosilicon compound in the semi-
cured material is a mixture of the compounds represented
by the formulae (I) and (ZI}, and the hydrolysis
condensate thereof, usually, the organosilicon compound is
mostly the hydrolysis condensate,

The composition of the organcsilicon compound is as

follows.
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{{The compound of the formula (I}] + [a unit derived
from the compound of the formula (I) inr the hydrolysis
condensatel } / {[the compound of the formula (I}] + [the
compound of the formula (II)] + [a unit derived from the
compound of the Iformula (I} in the hydrolysis condensate]
+ {a unit derived from the compound of the “formula (IT) in
the hydrolysis condensate]} x 100 is preferably 30 to 100
mol%, and more preferably 30 te 25 mel%. |

{[The compound of the formula (II)] + [a unit
derived from the compound of the Fformula (II) in the
hydrolysis condensatel} / {[the compound of the formula
{£)] + ithe compound of the formula (II}} + {a unit
derived from the compound of the formula {I) in the
hydrolysis condensatel + [a unit derived from the compound
of the formula (II) in the hydrolysis condensate]} x 100
is preferably 0 to 70 mol%, and more preferably 5 to 70
mol%.

00871

Varicus materials can be applied as the gubstrate as
long as the substrate has properties which can be used as
a replica mold, such as heat resistance, mechanical
strength, and sclvent resistance, Examples thereof
include metals such as nickel, stainless steel, aluminum,
and copper; inorganic materials such as glass and ceramic;
polyester-based resins such as polyethylene terephthalate
and polyethylene naphthalate; polyamide-based resins such
ags nylon 6; polyolephin-baged resins such as polyethylense,
polypropylene, and polymethylpentene; vinyl-based resins
such as polyvinyl chloride; acryl-based resins such as

polymethacrylate and polymethyl methacrylate; styrene-
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based resins such as polycarbonate and high-impact
polystyrene; cellulese film such as cellophane and
cellulose acetate; and imide-based resgins gsuch as
polyimide. A thickness of the substrate of about 10 to
5000 pm can be usually applied, and it is preferakly 100
to 2000 pm. |

The substrate may be a copolymer resin comprising
these resins as mwain components, or may be a laminzted
body including a mixed body (including alloy) or a
plurality of layers. The substrate may be a stretched‘
£ilm or a non-stretched film, while a £ilm stretched to
uniaxial direction or biaxial direction is preferred for
the purpose of improving strength. The substrate iz used
as a film, sheet or board including at least one layer of
these resing. A highly adhesive treatment such as corona
discharge treatment, plasma treatment, ozone treatment,
frame treatment, primer (anchor c¢oat, adhesive promoter,
also referred to as high adhesive) coating treatment, pre-
heating treatment, dust exclueion treatment, depocsition
treatment, and alkali treatment may be performed to the
coating surface before the coating. According to need,
additives guch as a filler, plasgticizger, colorant, and
antistat may be added.
[0058]

The thickness of the semi-cured material layer of
the organic-inorganic hybrid material on the substrate
depends on its use, and preferably i1s 0.5 to 20 um,

particularly approximately 1 fo 10 um.

[0059]
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As long as it does not impair properties and
functions of each lavyer, various additives such =ag an
antigtat, water repellent, oil repellent, stabilizer,
conductor, and antifog agent can be added to each layer
according Lo need.

[0060]
4. Method for Forming Replica Mold

A method for forming a replica wold by an imprinting
method will be specifically described. The method has the
following steps:

first Step: a step of coating a substrate with an
organic-inorganic hybrid material;

second Step: a step of semi-curing the coated
surface with heat and/or an electromagnetic ray to produce
a substrate for fine Traised and depressed pattern
formation;

ﬁhifd Step: a step of pressing a master mold having
a predetermined fine raised and depressed pattern formed
thereon against the substrate for fine raised and
depressed pattern formation by an imprinting method to
transfer the fine raised and depressed pattern onto the
substrate; and

fourth Step: a step cof drradiating the substrate
with an electromagnetic rvay in a state where the master
nmold iz remcoved from the substrate for fine raiged and
depressed patternyformation onto which the fine raised and
depressed pattern 1z transferred or a state where the
master mcld is not removed, to cure the substrate.

The method may further comprise the step of applyving

a mold releasing laver to the surface of the fine raised



and depressed pattern obtained in the fourth step as a
fifth step. The organic-inorganic hybrid material may
contain a materlial for the mcld releasing laver without
performing the fifth step.

[0061]

(First Step)

The substrate can be coated with the organic-
incrganic hybrid material of the present invention.
Various known laminating methods can be used. For example,
the organic~incorganic hybrid material can be formed by
methods including microgravure coating, comma coating,
barcoater coating, air knife ccating, spin c<oating, dip
coating, offset printing, flexo printing, screen printing,
and spray coating.

[0062]
{Second 3tep)

The fine raised and depressed pattern is formed on
the substrate by coating the substrate with a solution
containing an organic-inorganic hybrid material, and semi-
curing it by heating and/or irradiating an electromagnetic
ray. By this step, condensates of organosilicon compounds
in the organic-inorganic hybrid material are crosslinked,
and the organic-incrganic hybrid material layer is semi-
cured. When an organic solvent is used as a diluent
solvent, the organic sclvent 1s removed by this heating.
The heating 1is usually performed at 40 to 200°C, and
preferably 50 to 150°C. A heating time is wusually 10
seconds to 60 minutes, and preferably 30 sesconds to 10
minutes.

(0063}
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{Third Btep)

The substrate for fine raised and depressed pattern
formation is deformed by pressing & master meld having a
raised and depressed structure having a specific pattern
against the substrate for fine raised and depressed
pattern formation which is the semi-cured material of the
organic-incrganic hybrid material laminated on the
substrate. For example, the substrate is deformed by
using a Si wafer mold having a specific line formed
thereon by a hydraulic pressing machine.

The master mold can be pressed by a known technique.
The master mold is usually pressed at 20 to 200°C for 390
seconds to 30 minutes.

The mold releaging layer may be previously provided
by a method to be described later in order to improve a
mold reléeéasing characteristic of the master mold.
joos4]

{Fourth Step)

The substrate for fine zraised and depressed pattern
formation is conventionally irradiated with the
electromagnetic ray while the mold is pressed against the
substrate. However, not only the method as usual but alsoc
a method for removing the wmold from the substrate for fine
raised and depressed pattern formation, and - thereafter
irradiating the substrate with the electromagnetic ray can
be used in the present invention.

[0065]

as for the electromagneific ray, an ultraviclet ravy,

an X ray, a radicactive ray, an ilonized radicactive ray,

and an ionizing radicactive ray {o-, B-, y-rays, neutron
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ray, electron ray) can be used, and a light havihg a
wavelength of 350 nm or less is preferred.

Irradiation with an active senergy ray can Dbe
performed by using known devices including an extra high-
pressure mercury lamp, high-pressure wercury lamp, low
pressure mercury lamp, wmetal halide lamp, excimer lamp,
carbon arce lamp, and xenon arc lamp. As a light socurce of
irradiation, a light source comprisging light having any
wavelength of 150 to 2350 nm is preferred, and a light
source comprising light having any wavelenogth of 2506 té
310 nm is more preferred.

As irradiation light volumes of light teo irradiate in
order to sufficiently cure the organic-inorganic hybrid
material layer in a semi-cured state, for example, a
volume of approximately 0.1 to 160 J/cm® can be
exemplified. In view of the film curing efficiency
{relationship of irradiated energy and f£ilm curing level},
the irradiation light volume 1s preferably approximately 1
to 10 J/cm®, and more preferably approximately 1 to 5 J/cm’.
[oosel

The replica mdld layer formed of the organic-
inorganic hybrid material of the present invention has
preferably a constitution wherein the carbon content of
the surface part i1s less than the carbon content of the
back side part, and it is more preferred that the carbon
content of the surface part at 2 nm in the depth direction
from the sgsurface is 80% or legss based on the carbon
content of the back side part at 10 nm in the depth
direction from the back side, and still more preferably 2

to 60%. Herein, the carbon content of the surface part
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being less than the carbon content of the back side part
means that the total amount of carbon from the surface to
the central part is less than the total amount of carbon
from the back side to the central part.

[0067]

(Fifth Step)

After the ZIfourth step, the mold releasing layer can
be applied onto the surface of the fine raised and
depressed pattern. Although the mold releasing layer can
be applied by coating the surface c¢f the fine raised and
depressed pattern with the material for the meld releasing
layer, wvarious known laminating methods can be used. For
axample, each laver can be formed by methods including
microgravure coating, comma coating, Dbarcoater coating,
air knife coating, spin c¢oating, dip coating, offset
printing, flexo printing, screen printing, spray coating,
a deposition method, and a sputter method.

Examples of the material of the mold releasing laver
include a melamine resin, a silicone resin, a fluorocarbon
resin, a cellulose derivative, a urea resin, a polyolefin
resin, a paraffine resin, and a known release agents. One
or two or more thereof can be used.

As described in WO02Z008-052840 pamphlet, separately
from the above conventional method, the replica mold is
brought into contact with an organic solvent solution
containing a metal-based surface-active agent having at
least one or more hydrolyzable groups, a compound which
can interact with the metal-based surface-active agent,

and water. Thereby, an crganic thin film,

41



preferably a  monomolecular film can be formed on a
substrate, to provide the mold releasing layer.

The mold releasing layer can be also applied to the
master mold.

[coes]

On the other hand, examples of the material of the
mold releasing layer which can be contained in order to
form the mold releasing laver in the organic-inorganic
hybrid material of the present invention without being
performed as the fifth step include a compound having a
hydrocarkbon group having 10 to 30 carbon atoms, a compound
having a hydrocarbon group having 10 to 30 carbon atoms in

which three or more hydrogen atoms are substituted with

£lucrine atoms, a gilicone resin such as
polydimethylsiloxane, silica fine particles, and
poly(tetrafliucrosthylene) fine particles. Specific

examples include silicone release agents K$-702, XKS5-705,
K8-707, XF-54, KF-412, and KF-4701 {(manufactured by Shin-
Etsu Chemical Co., Ltd.), silicone release agents SH200
and FS1265% (manufactured by Toray-Dow Corning Corporation),
Optocl DAC (manufactured by Daikin Industries, Litd.), and
megafac series (manufactured by DIC Corporation).

[0069]

As the metal-based surface-active agent having at
least one or more hydrolyzable groups, a metal-based
surface-active agent represented by the Iformula (IV) is
preferred:

R¥*MX..s (IV)
{wherein R’ is a hydrocarbon group having 1 to 20 carbon

atoms which may contain a subkstituent, a halogenated



hydrocarbon group having 1 to 30 carbon atoms which may
contain a substituent, a hydrocarbon group having 1 to 30
carbon atoms which contains a linkage group, Or a
halogenated hydrocarbon group having 1 to 30 carbon atoms
which contains a linkage group: M represents at least one
metal atom selected from the group consisting of a silicon
atom, a germanium atom, a tin atom, a ﬁitanium atom, and a
zircenium atom; X represents a hydroxyl dJroup Or a
hydrolyzable group; t represents the atomic valence of M;
g represenis a pésitive integer from 1 te (t-1;; in the
case where s is 2 or greater, each R’ may be the same or
different; and in the case where (t-g) is 2 or greater,
each X may be the same or different, although at least one
X group of the X groups is a hydrolyzable group).

Examples of the hydrocarben group within the
hydrocarbon group having 1 to 30 carbon atoms which may
contain a substituent in the formula (IV) include alkyl
groups such as a methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl group, isobutyl group, sec-butyl
group, t-butyl group, n-pentyl group, isopentyl group,
neopentyl group, t-pentyl group, n-hexyl group, .ischexyl
group, n-heptyl group, n-octyl group, n-decyl group, Or n-
octadecyl group; alkenyl groups such as a vinyl group,
propenyl group, butenyl groﬁp, pentenyl group, n-decynyl
group, or n-octadecynyl group; and aryl groups such as a
phenyl group, l-naphthyl group, or 2-naphthyl group.

100701

‘Examples of the halogenated hydrocarbon group within

the halogenated hydrocarbon group having 1 to 30 carbon

atoms which may contain a substituent include halogenated

43



alkyl groups having 1 to 20 carbon atoms, halogenated
alkenyl groups having 1 to 30 carbon atoms, and
hazlogenated aryl groups having I to 30 carbon atoms. Of
these, halogenated hydrocarbon groups in which two or more
hydrogen atoms in an alkyl group having 1 to 30 carbon
atoms are substituted.with halogen atome are preferred,
and fluorinated alkyl groups in which two or more hydrogen
atoms in an alkyl group having 1 to 30 carbon atoms are
substituted with fluoriné atoms are more preferable. In
the case whers ‘the flucrinated alkyl group has a branched
structure, the branched portions are short chains of 1 to
4 carbon atomg, and preferably 1 ¢ 2 carbon atoms.

[0071]

Specific examples of the hydrocarbon group within
the hydrocarbo'n group containing a linkage group include
the same groups listed above as the hydrocarbon group
within the hydrocarbon group which may contain a
substituent. Specific examples of the halagenatéﬁ
hydrocarbon group within the halogenated hydrocarbon group
containing a linkage group include the same groups listed
above as the halogenated hydrocarbon group within the
halogenated hydrocarbon group which may c¢ontain a
substituent.

The linkage group preferably exists either between a
carbon-carbon bond of the hydrocarbon group or halogenated
hydrocarbon group, or between a carbon atom o©f the
hvdrocarbon group and the metal atom M to be described
later.

Specific examples of the linkage group include -0-,

~g-, -80,-, =-C0-, -C(=0)0-, or -C(=0)NR**- (wherein, R™
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represents a hydrogen atom; or an alkyl group such as a
methyl group, ethyl group, n-propyl group, or isopropyl
group) .

Of these, from the viewpoints cf water repellency
and durability, the R®! is preferably an alkyl group having
1 to 30 carbon atoms, a Ifluorinated alkyl group having 1
to 30 carbon atoms, or a fluorinéted alkyl group
containing a linkage group.

160721

X represents a hydroxyl group or a hydrolyzable
group. There are no particular Vrestrictions on the
hydrolyzable group, provided it decomposes on reaction
with water. Examples of the hydrolyzable group include
alkoxy groups having 1 to 6 carbon atoms which may contain
a substituent; acyloxy groups which may conrtain a
subgtituent; halogen atoms such as a fluorine atom,
chlorine atom, bromine atom, or iocdine atom; an isccyanate
group; Ccyvano group; amino group; or amide group.

Examples of the alkoxy groups having 1 to 6 carbon
atoms include a methoxy group, ethoxy group, N-Propoxy
group, isopropoxy group, n-butoxy group, sec-butoxy group,
t-butoxy group, and n-pentyloxy group, and n-hexyloxy
group. Examples of the acyloxy groups include an scetoxy
group, propionyloxy group, n-propylcarbonyloxy group,
isopropylcearbonyloxy group, and n-butyicarbonyloxy droup.
Examples of the substituent within these groups include a
carboxyl group, amide group, imide group, ester group, or
hydroxyl group. Of these, X is preferadbly a hydroxyl
group, alkoxy group having 1 to 4 carbon atoms, acyloxy

group, hydrogen atom, or isocyanate group. kn alkoxy
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group having 1 to 4 carbon atcms or an acyloxy group is
more preferred.
10073]

M represents an atom selected from the group
congisting of a silicon atom, germanium atom, tin atom,
titanium atom, and zirconium atem. Of these, from the
viewpoints of an available raw material and reactivity,
the silicon atom is preferred.

{0074}

At least one compound selected f£rom metal oxides;
metal hydroxides; metal alkoxideg; partial hydrolysis
products of metal alkoxides; hydrolysis products of metal
alkoxides; chelated or coordinated wmetal compounds;
silancl condensation catalysts; and acid catalysts is used
as the compound which can interasct with the metal-based
surface-active agent.

[0075]

Specific examples of the metal oxide dnclude
methanol silica sol, IPA-ST, IPA-8T-UP, IPA-ST-ZL, NPC-8T-
320, DMAC-8T, MEX-S8T, MIBK~-ST, XBA-ST, and PMA-ST (all of
which are brand names of corgancsilica sols manufactured by
Nigsan Chemical Industries, Ltd.).

[0076]

The metal hydroxides may be produced by any
appropriate method, provided the product is a hydroxide of
a metal. Examples of methods for producing the metal
hydroxides include a methdd for  hydrolyzing metal
alkoxides to be described later, and a method for reacting

a metzl salt with a metal hydroxide. ' Commercially
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available metal hydroxides may also be purified and used
1f desired.
[0077]

Examples of the metal alkoxides include silicon
alkoxides such as 23i{0CH3;)s, Si(OC:Hz)., 8i(0C:H,~1i),, and
S1 {OCHs~t) 4; titanium alkoxides such as  Ti{OCHa).,
T1i{0CzHs) 4, T3 (OC3H-1) 4,  and T1 (OCHg) 4;
tetrakistrialkylsileoxy titanium such as Ti[C81i({CH.):l, and
T1 {081 (CoHsl3le; =zZirconium alkoxides such as  Zr(0CH:)a,
Zr (OCzHs)y, Zr(0OC3H,)s, and Zr (0CHg):; aluminum alkoxides
such as BL(OCH:) ., AL{OCH:z),, AI(OCiH,-i)s, and Al{OC.H¢)s;
germanium alkoxides such as Ge{0CH:).; indium alkoxiées
gpuch as In(0CH;};, INn{0C.H:)3, In{OC:Hy-1}s, and In{0OC.H.)s;
tin alkoxides such as Sn(OCHy)s, Sn(OCHg):, Sn{0CiH;-1).,
and Sn{OC.H.).; tantalum alkoxides such as ‘Ta(OCHﬁs,
Ta (OC,Hs)s, Ta(OC;H,-i)s, and Ta(OC,Hs)s; tungsten alkoxides
guch as W(0OCH;)s, W(OCT:Hsis, WIOCH:-1i)s, and W{OCH:)s; =zinc
alkoxides sguch as Zn{0C;Hs)s; and lead alkoxides such as
Ph{0OC4Hs) 4. These alkoxides can be used alone or two or
more kindg of them can be used in cowbination.

[0078]

Partial hydrolysis products of metal alkoxides are
obtained prior to complete hydrolysis of the metal
alkoxides. Examples thereof include ones in the state of
a metal oxide sol precursor or an oligomer.

Specific examples of the partial hydrolysis products
of the metal alkoxides preferably include a dispersoid
which is stably dispersed in an organic solvent without
aggregating, in the absence of at least one kind selected

f£rom the group comsisting of acids, bases, and dispersion
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stabilizers. In this case, the dispersoid refers to fine
particies dispersed within the = dispersion systemn.
Specific examples thereof include colloidal particles.
Herein, the phrase "stably dispersed without aggregating”
means that within the organic solvent, in the absence of
acids, bases, and/or dispersion stabilizers, the
hydrolysis product dispersoids do not aggregate or
separate out to form a heterogeneous system, preferably
form a transparent, nomogeneous system. The term
"transparent" means that the transmittance of wvisible
light is high, and specifically, refers to a state wherein
if the oxide-eguivalent concentration of the dispersoid is
set to 0.5% by weight, a quartz cell with an optical path
length of 1 ¢m is wused, an organic solvent is used as a
comparative sample, and the measurements are conducted
uging light with a wavelength of 550 nm, then the spectral
transmittance is preferably within a range fxom 80 to 100%.
There are no particular restrictions on the particle
diameter of the hydrolysis pfoduct dispersoid, although in
order to achieve a high transmittance relative to visible
light, the particle diameter is preferably within a range
from 1 to 100 nm, more preferably from 1 to 50 nm, and
still more preferably from 1 to 10 nm.

Examples of a methed for producing a partial
hyvdrolysis product of a metal alkoxide preferably include
a method in which the metal alkoxide is hydrolyzed in an
organic golvent, in the absence of acids, bases, and/or
dispersion stabilizers, using from 0.5 to less than 2.0

mol of water based on the metal alkoxide, at a temperature
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within a range fﬁom -100°C to the reflux temperature of
the corganic solvent.
[0078]

The hydrolysis products of metal alkoxides used in
the present invention are obtained by hydrolyzing the
metal alkoxides by means of 2 melar equivalents or greater
of water based on the metal alkoxides. The hydrelysis
products may be obtained by Thydrolyzing Che metal
alkoxides by means of 2 molar equivalents ox greater of
water based on the metal alkoxides, or wmay be obtained by
partially hydrolyzing the metal alkoxides by means of less
than 2 wmolar equivalents of water based on fthe metal
alkoxides to obtain partial hydrolysis products of the
metal alkoxides, and hydrolyzing the partial hydrolysis
prodicts by means of a predetermined amount of water (2
molar egquivalents or greater of water based on the metal
alkoxides ih the total of the predetermined amount of
water and the amount oI the watey used for the partial
hydrolysis) .
t6o80]

Chelated wor coordinated metal compounds c¢an be
prepared by taking a solution of a metal compound, and
then adding a chelating agent or coordination compound
which is capable of forming a complex with the metal of
the metal compound. There are no particular restrictionsg
on the chelating agents or coordination compounds used,
provided they are capable of chelating or coordinating the
metal of metal hydfoxides, metal alkoxides, or hydrolysis
products obtained by treating metal alkoxides with water,

thereby forming a complex.

49



Examples of the chelating agents or c¢oordination
compounds inciude saturated aliphatic carboxylic acids
gsuch as acetic acid, propicnic acid, butyric acid, wvaleric
acid, lauric acid, myristic acid, palmitic acid, and
stearic acid; saturated aliphatic dicarboxylic acidé such
aa oxalic acid, malqnic acid, succinic acid, glutaric acid,
adipic acid, pimelic acid, suberic acid, azelaic acid, and
sebacic acid; unsaturated carboxylié acids such as acrylic
acid, methacrylic acid, crotonic acid, aleic acid, and
malelic acid; aromatic cérboxyiic acids such as benzoic
acid, toluic acid, and phthalic acid; halogenocarboxylic
acids such as chiorcacetic acld and triflucroacetic acid;
B—diketones such as acetylacetone, benzoylacetone, and
hexafluorcacetylacetone; B-ketoesters such as methyl
acetcacetate and ethyl acetoaéetate; and heterocyclic
compounds such as tatrahydrofuran, furan, furancarboxylic
acid, thiophene, thiophenecarboxylic acid, pyridine,
nicotinic acid, and isonicotinic acid. These compounds
can be used alone or two or more kinds of them can be used
in combination.

[6os1]

Examples of the silancl condensation catalysts
include carboxylic acid metal salts, carboxylate metal
salts, carboxylic acid metal salt polymers, carboxylic
acid metal salt chelates, titanate esters, and titanate
ester chelates.

Specific examples thereof include stanncus acetats,
dibutyltin dilaurate, dibutyltin dioctate, dibutylitin
diacetate, dioctyltin dilaurate, diociylitin dioctate,

dioctyltin diacetate, stannous dicctanocate, lead
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naphthenate, cobalt naphthenate, iron 2-ethylhexanoate,
dioctyltin  bisoctylthicglycolate, dicctyltin  maleate,
dibutyltin maleate polymer, dimethyltin mercaptopropionate
polymer, dibutyltin bisacetylacetate, dioctyltin
bisacetyllaurate, titanium tetraethoxide, titanium
tetrabutoxide, titanium tetraisopropoxide, and titanium
bis(acetylacetonyl)dipropoxide.

foog2] |

Examples of the acid catalysts include mineral acids
such as hydrochloric acid, nitric acid, beric acid, and
fluorchoric acid; ocorganic acids such as acetic acid,
formiec acid, oxalic acid, carbonic acid, triflucrocacetic
acid, p-toluenesulfonic acid, and methanesulfonic acid;
and furthermore, photoacid generators which generate acid
on irzadiation particularly such as diphenyliocdonium
hexafluorophosphate and triphenylphosphonium
hexafluorophosphate.

[0083]

The éont@nt of watexr in the'organic=solvent solution
for forming the mold releasing layer containing a metal-
based surface-active agent having at least one or more
hydrolyzable groups, a compound which can interact with
the metal-based surface-active agent, and water is
preferably 10 ppm to 2000 ppm. Examples of a method for
adjusting or holding a moisture content within a range of
a predetermined amount include (i} a method for providing
a water layer in contact with the organic solvent solution
for forming the mold releasing layer, {ii} a method for

making a water retaining material containing moisture
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coexist, and {(iii) a method for blowing gas containing
moisture.
[C0B4]

The organic solvent solution can be prepared by the
method described in WO 2008/059840 pamphlet. An organic
thin f£ilm can be provided on a surface of a cured sheet
for fine raised and depressed pattern formation, by
bringing the organic solvent solution into contact with
the sheet for fine raised and depressed pattern formation
by means of dipping methods, spin coating methods, spray
methods, roller coating methods, Meyer par methods, screen
printing methods, and  brush coating methods, and
preferably, dipping methods.

[0085]

In the following, the present invention will be

described by referring to Examples, while the technical

scope of the present invention will not be limited thereto.

Example 1
[0086]
1 Preparation of OCrganic-Incrganic Hybrid Material for
Producing Replica Mold

103.3% g of titanium diisopropoxybisacetylacetonate
{manufactured by Nippon Soda Co., Ltd.; T-530; solid
content 1n terms of titanium oxide: 16.5% by weight) was
dissolved into 199.32 g of a mixed solvent of
ethanol/ethyl acetate (= 50/50: % by weight). 38.47 g of
ion-exchange water (10-fold mol/mol of titanium oxide) was
then slowly dropped by stirring. Then, a solution [A-1]

was cbtained by stirring for 24 hours.
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Ag an organocsilicon compound, a solution [C-1]
wherein 1$9.36 g of vinyltrimethoxysilane {B-1]
(manufactured by Shin-Etsu Chemical Co., Ltd.; KBM-1003)
was mixed with 143.21 g of 3-
methacryloxypropyltrimethoxysilane [B-2] (manufactured by
Shin-Btsu Chemical Co., Ltd.; XBM-503) was used. The
golution [C-1} and 3241.17 g of the solution [A-1] were
mixed. Further, 65.24 g of ilon-exchange water was added
thereto, and then stirred for 24 hours, to obtain 752.99 g
of a golution [D-17.

| A an electromagn@tic ray-curable compound, 97.25 g
of a urethane acrylate oligomer {(manufacturad by Nippon
Synthetic Chemical Industry Co., Ltd. ; ultravioclet
UV76008; was dissclved into 145.88 g of a miwxed solvent of
ethanol/ethyl acetate (= 50/50: % by weight) so that it
becomes 40% by weight. To this resultant soluticn, 2.8% g
of Irgacurel27 (manufactured by Ciba Specialty Chemicals)
was dissolved ag a photopolymerization initiatecr, to
produce & scolution [E-1].

752.99 g of the soclution [D-1] and 247.02 g of the
solution [B-1} were mixed so that the =sclid content ratioc
becomes 70% by weight/30% by weight = [D-1]/[E-11, to
produce an organic-inorganic hybrid material [F-1].

{00871
2 Production of Replica Mold Pattern

A5 uwm L/S silicon mold and a 5 pum dot silicon mold
manufactured by Kyocdo International, Inc. were used as a
master mold Iin oxder rto produce a replica mold. The

magster mold wag previously immerssed in an organic solvent

golution SAMLAY (registered trademark) (manufactured by



Nippon Soda Co., Ltd.) for forming an organic thin film
made ©f a silica-based surface-active agent Lo apply a
mold releasing characteristic.

Slide glass and a polycarbenate film were cecated to
2 thickness of 5 um with the organic-inorganic hybrid
material [F-1] for producing the replica mold prepared by
the method by a dip method, and were then heated at 100°C
for 10 minutes.

Next, the master molds (two types of the 5 pa L/S
silicon mold and the 5 um dot silicon mold) were put on
the organic-inorganic hybrid material applied ontd  the
silide glass. The master molds were pressgsed at & pressure
of 2 MRPa at 90°C for 2 minutes using a hot press machine
(manufactured by Imoto Machinary Co., Ltd., IMC-180C).
After the master molds were removed, the surface of the
organric-inorganic hybrid material was observed by a
digital microscope. Excellent transfer of 5 pm L/S and 5
um dot could be confirmed. The photograph obtained by the
digital microscope is shown in Figure 1.

Then, the master mold (5 pm L/S silicon mold) was
put on the organic-inorganic hybrid material applied onto
the polycarbonate film, and was pressed at 27°C at a
pressure cof 7 MPa for 2 minutes. After the master mold
was removed, the surface of the organic-inorganic hybrid
material was ohserved by the digital wilcroscope.
Bxcellent transfer of 5 um L/S could be confirmed. The
photograph obtained by the digital wmicroscope is shown in
Figure 2.

[0088]
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3 UV Curing of Replica Mold and aApplication of Mold
Releésing Laver

The gsubstrate with the organic-inorganic hybrid
material on which the pattern was formed was UV-cursd at
about 1200 mJ uesing a UV irradiation machine.

Then, after the substrate with the cured organic-
inorganic hybrid material was subjected to UV ozone
treatment for 10 minutes, the slide glass with the
organic-inorganic hybrid materiial was immersed in the
organic solvent solution SAMLAY (registered  trademark)
(manufactured by Nippon Scda Co., Ltd.) for forming the
organi¢ thin £film containing the silica-based surface-
active agent for 10 wminutes, and the polycarbonate filw
with the organic-inorganic hybrid material was immersed in
the solution for 3 minutes. After the glide glassg and the
polycarbbnate film were pulled up from the soluticn, the
slide glass and the polycarbonate film were washed in NS
Clean 100 (manufactured by Japan Energy Corxporation), and
were dried to produce a mold releasing laver.

As a result, in both the case of the slide glass
with the corganic-incrganic hybrid material and the case of
the polycarbonate f£ilm with the organic-inorganic hybrid
material, a contact angle between the surface of the
organic-inorganic hybrid material and water was egqual to
or greater than 100 degrees. It could be confirmed that
the organic thin film mold releasing layer is formed.
[oce9]

4 Heat and Optical Imprints by Replica Mold

4-1 Heat Imprint
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First, the replica molds (two types of the 5 um L/S
silicon mold and the 5 um dot silicon mold} made of the
glide glass with the organic-inorganic hybrid material to
which the mold releasing layer was applied were pressed
against soft acrylic {polymethyl methacrylate resin
manufactured by CRD Corporation, thickness: 0.3 mm, Tag:
24°C), and were pressed at a pressure of 8 MPa at 130°C for
2 minutes Lo perform imprint.

Then, the repiica wmold could be éasily peeled
‘without the use of power, and the surface of the soft
acrylic was observed by the digital microscope. Excellent
transfer of 5 um L/S and dot could be confirmed. The
photograph Obtainéd by the digital microscope is shown in
Figure 3:

An area where a pattern was transferred in the slide
glase with the organic~inorganié‘ﬁyﬁfi&ﬂ;a&@rial to which
the mold releasing layer was applied was larger than that
in the slide glass with the organic-inorganic hybrid
material to which the mold relsasing laver was not applied
after UV-curing in the item 3.

Then, the polycarbonate replica mold (5 pm L/S
silicon mold) with the organic-inorganic hybrid material
to which the mold releasing layer was applied was pressed
againgt the soft acrylic, and was pressed at a pressure of
8§ MPa at 130°C for 2 minutes to perform imprint.

Then, the replica meid with the organic-inorganic
hybrid material was peeled, and the surface of the soft
acrylic was observed by the digital microscope. Excellent

trangfer of 5 pm L/S and dot was confirmed. The
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phetograph obtained by the digital microscope is shown in
Figure 4,

[0080]

4-2 Optical Imprint

PAK-01 {(nanoimprint resin manufactured by Tovo Goseil
Co., Ltd.; a mixture of radically curing acrylic resins)
was cast on the PET film. The replica molds {two types of
the b pm 1L/S silicon mold and the 5 upum dot silicon mold)
made of the slide glass with the organic-inorganic hybrid
material to which the mold releasing layer was applied
were pressed against 1tf, and were irradiated with black
light for Z0 seconds.

Then, the rzreplica mold was peeled, and the film
surface was observed by the digital microscope. Excellent
transfer of 5 um L/5 and dot could be confirmed. The
vhotograph obktained by the digital microscope is shown in
Figure 5.

The transfer rate ol the pattern in the replica mold
made ©of the siide glass with the organic-inorganic hybrid
material to which the mold releasing layver was applied was
higher than that in the slide glass with the organic-
inorganic hybrid material to which the mold releasing
laver was not applied after W-curing in the item 3, and

thereby the replica mold wag easily peeled.

Example 2
[00913
1 Preparation of Organic-Inorganic Hybrid Material for

Producing Replica Mold
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119.7 g of titanium diiscpropoxybisacetylacetonate
(manufactured by Nippon 8oda Co., Ltd.; T-30; scolid
content 1in termg of titanium oxide: 16.5% by weight) was
dissolved intq 230.7 g of methyl isobutyl ketone to
?rcduée a solution EA~2§. As an organosilicon compound, a
solution [C-21 (vinyltrimethoxysilane/3-
‘methacryloxypropyltrim@thoxysilane = 70/30: molar ratioc)
wherein 230.7 g of vinyltrimethoxysilane [B-11
(manufactured by Shin-Etsu, Chemical Co., Ltd.; KBM-1003)
WAE mixed with 165.7 g of 3-
methacryloxypropyltrimethoxysilane [B-2] (manufactured by
Shin-Etsu Chemical Co., Ltd.; EKBM-503) -was used. 350.4 ¢
of the solution [A-2] and 296.4 g of the solution [C-2]
were mixed zo that an element ratio (Ti/81 = 1/9) was set.
Further, 84.5% g (1 mwolar time/number of wmoles of
organosilicon compound) of ion-exchange water was added
thereto, and then stirred Zor 12 hoﬁrs, to  produce a
solution [D-2]. |

As an electromagnetic ray-curable compound, 983.8 g
of a urethane acrylate oligomer A (manufactured by Negami
Chemical Industrial Co., Ltd.; UN-952) and 70.34 g of a
urethane acrylate oligomer B (Negami Chemical Industrial
Co., Ltd.; UN-9%04M) were added and mixed, To  this
regultant solution, Z2-methyl-1i4- (methyithic)phenyl] -2-
morpholinopropane-l-one {manufactured by Ciba Specialty
Chemicals, Irgacured07) was dissolved so that the seolid
content ratio becomes 4% by weight based on the sgolid
content  of the  urethane acrylate cligomer as a

phetopolymerization initiator, to produce a sclution [E-2].

The solution [E-2] and 831.4 g of the sgolution [D-21 were



mixed, to produce an crganic-inorganic hybrid material [F-
2] . |

[0092]

2 Production of Replica Mold Pattern

A silicon mold (pattern height: 110 nm} having a
block Qatﬁern having a side of 1.5 um and a silicon mold
(pattern height: 110 'ﬁm) having a 110 nm L/S pattern were
used as a master mold in order to produce a r@plica'mold
(Figure 6). The master mold was previously immersed in an
otganic solvent sclution BSAMLAY (registered trademark)
(manufactured by Nippon Soda Co., Ltd.) for forming an
organic thin £film made of a silica-based surface-active
agent to apply a mold releasing chavacteristic.

Slide glass and a PET f£ilm were coated to a
thicknegs of 3 pm with the organic-inorganic hybrid
material [F-2] for producing the replica meld prepared by
the method by a barcoat method, and were heated at 100°C
for 10 minutes.

Nexrt, the master molds (two types of the 1.5 pum.
block silicon meld and the 110 nm L/S silicon mold) were
put on the organic-inorganic hybrid materizal applied onto
the slide glass. The master molds were pressed at a
pressure of 3 kN at 120° for 2 minutes using a
nanoimprint device {(manufactured by Melsyo Kiko Co., Ltd.,
NANOIMPRINTER) . After the master molds were removed, the
gsurface of the organic—inorganic. hybrid material was
ocbserved by a scanning electron microscope {SEM) .
Excellent transfer of 1.5 um block and 110 nm L/S could be
confirmed. The photograph obtained by the SEM iz shown in

Figure 7.
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Then, the master molds (the 1.5 pm block silicon
mold and the 110 nm L/S silicon molid) were put on the
oxganic-inorgénic hybrid material appliéd onto the PET
£film, and were pressed at a pressure of 3 kN at 100°C for
3 minutes. After the master molds were removed, the
surface of the organic-inorganic hybrid material was
cbserved. Excellent transfer of 1.5 um block and 3110 nm
L/8 could be confirmed.

[0093]
3 UV Curing of Replica Mold and Application of Mold
Releasing Layer | '

The substrate with the organic-incrganic hybrid
material on which the pattern was formed was UV-cured at .
about 2000 md using a UV irradiation machine.

Then, after the substrate with the cured organic-
inorganic hybrid material was subjected to UV ozone
treatment for 10 minutes, the substrate with the organic-
inorganic hybrid material was immersed in a fluorine-based
surface-treating agent Novec EGC-1720 (manufactured by
Sumitomo 3M Ltd.) for 3 minutes. After the substrate was
pulled up from the solution, the substrate was washed in
HFE-7200 (manufactured by Sumitomo 3M Ltd.}) and was dried
to produce a mold releasing layer.

Az a result, in both the cases of the slide glass
with the organic-incrganic hybrid. material and the PET
film with the organic-inorganic hybrid material, a contact
angle betweeﬁ the surface of the organic-inorganic hybrid
material and water was equal to or greater than 100
degrees. It could be confirmed that the mold releasing

layer is formed.
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[0094]
4 Optical Imprints by Replica Meld

PAK-01 (nancimprint resin manufactured by Toyo Gosei
Co., Ltd.} wag cast on the PET film. The replica molds
(two types of the 1.5 pm block silicon mold and the 110 nm
L/8 silicon mold) made of the PET £ilm with the organic-
inorganic hybrid material to which Novec EGC-1720 was
applied as the mold releasing layer was pressed thereto,
and wag irradiated by a high-pressure mercury lamp for 10
seconds.

Then, the replica mold was peeled, and the fiim
surface was observed by the SEM. Excellent transfer of
1.5 um block and 110¥ nm L/§ could be confirmed.  The
photograph obtained by the SEM is shown in Figure 8.

Example 3
{0095}
1 Preparation of Organic-Inorganic Hybrid Material for
Producing Replica Mcld

The organic-inorganic hybrid material [F-1]1 prepared
in Example 1 was used.
2 Production of Replica Mold Pattern

A nickel electrotyping mold haﬁing aﬁ antireflection
struétur@ manufactured by NIL Technology Company was used
as a master mold in order to produce a replica mold. The
master meld was previocusly processed in an organic solvent
solution SAMLAY {registered trademark) (manufactured by
Nippon Soda Co., Ltd.; for forming an organic thinm film
made of a silica-based surface-active agent to apply a

mold releasing characteristic.
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A PET film (manufactured by Toyobo Co., Ltd., Cosmo
Shine 24100, thicknessg: 100 um)} was coated to a thickness
of 5 um with the organic-inorganic hybrid material [F-1]
" for producing the replica mold prepared in Example 1 by a
micrbgrévure coater (manufactured by Yasul Seiki Co.,
Ltd.), and was heated and dried at 150°C.

Next, the master mold wasg . put on the rorganic—
inorganic hybrid wmaterial applied ontc the PET film. The
master mold was pressed at a pressure of 4 MPa at 60°C for
3 minutes using a nancimprint device (manufactured by
Meisyo Kiko Co., Ltd., NANOIMPRINTER) (the obtained PET
film is referred to as "a PET £ilm (I) with an organic-
inorganic hybrid material"). After the master mold was
removed, thé surface of the organic-inorganic hybrid
material was observed by an AFM (manufactured by 8II
nanctechnology Company, SPI-3800N, SPAR400 unit) .
Excellent transfer of 250 nm pitch pattern could be
confirmed, The shape image (observation area: 2 um
square) of the AFM is shown in Figure 9.

Then, the master wold wag put on the organic-
inorganic hybrid wmaterial applied onte 4he PETfilm, and
was pressed at 100°C at a pressure of 12 MPa for 3 minutes
{the obtained PET film ig referred to as "a PET film {(II)
with an organic-inorganic hybrid material®™}. After the
magter mold was removed, the surface of the organic-
inorganic hybrid material was observed 'by Ehe AFM.
Bxcellent transfer of 250  nm pitch pattern could be
confirmed. The shape image {(chservation area: 2 um
square} of the AFM is shown in Pigure 10.

[o09s6]
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3 UV Curing of Replica Mold and Application of Mold
Relessing Layer |

The PET filme (I) and (II) with the organic-
incorganic hybrid material on which the pattern was formed
were UV-cured at about 2000 mJ/cm® using a UV irradiation
machine. - 7

Then, after the PET films (I) and (II) with the
cured organic-inorganic hybrid material were subjected to
UV czone treatment for 10 minutes, the PET films (I) and
(iI) were immersed in the organic solvent scolution SAMLAY
(registered trademark) (manufactured by Nippon Soda Co.,
Ltd.) for forming the organic thin £ilm containing the
gilica-based surface-active agent for 10 minutes. 2After
the PET fiilms (I) and (II) were pulled up from the
solution, the PET films ({I) and {II) were washed in NS
clean 100 ({(manufactured by Japan Energy Corporation) and
were dried to produce a mold releasing layer.

Ag a result, a contact angie between the surface of
the organic-incrganic hybrid material and water was equal
to or greater than 100 degrees. It could be confirmed
that thelexganic thin film meld releasing laver is formed.

Az described above, the replica mold (I} was
cbtained from the PET £ilm (I), and the replica mold (17T)
was obtained from the PET £ilm (II).

[0097]
4 Heat and Optical Imprints by Replica Mcld
4-~1 Heat Imprint

First, the repiica mold (II) (250 nm pitch pattern)
made of the PET film with the organic»inoxgahic hybrid

material to which the mold releasing layer was applied was

83



put on a polymethyl methacrylate resin plate (Clarex
manufactured‘k@r Nitto Jushi Kogyo Co., Ltd., thickness:
¢.5 wmm, Tg: 120°C), and was pressed at a pressure of 10
MPa at 135°C for 3 minutes using a nanoimprint device to
perform imprint. After the imprinted resin. plate and
replica mold were cocled to 60°C, the mold was released.

The replica mwmold could be easgsily peeled without the
use of power, and the surface of the polymethyl
methacrylate resin was observed by the AFM. Excellent
transfer of 250 nm pitch pattern could be confirmed. The
shape image {observation area: 2 um sguare} of the AFM is
ghown in Figure 1il. |

Then, the replica mold (II) (250 nm pitch pattern)
made of the PET film with the organic-inorganic hybrid
material to which the mold releasing layer was applied was
pressed against a polycyclooclefin regin plate (ZEONOR
manufactured by Zeon Corporation, thickness: 1 mm, 7Tg:
100°C) at 135°C at a pressurs of 10 MPa for 3 minutes o
perform imprint. After the imprinted resin plate and
replica mold were cooled to 60°C, the mold was released.

The replica mold could be easily peeled without the
use c¢f power, and the polyveycloolefin resin was obgerved
by the AFNM. Excellent transfer of 250 nm pitch pattern
could be confirmed. The shape image (cbeervation arsa: 2
pm sguare) of the AFM is shown in Figufe 12.
[o098]
4-2 Optical Imprint

PRK-01 {nancimprint resin manufactured by Tove Gosel
Co., Ltd.; a mixture of radically curing acrylic resins)

was cast on glide glass. The replica mold (II) (250 nm
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pitch pattern}) made of the PET f£ilm with the organic-
inorganic hybrid material to which the mold releasing
laver was applied was put thereon, and was irradiated with
UV light at 700 mJ/cm® at 25°C using the nancimprint device,

Then, the replica mold was peeled, and the surface
of the slide glass wasg observed by the AFM. Excellent
traﬁsfex of 250 hm pitch pattern could be confirmed. The
shape image {observation area: 2 um square) of the AFM is
shown in Figure 13.

Then, PAK-0L was cast on the slide glassl The
replica mold (II) (250 nm pitch pattefﬂ) made of the PET
film with the organic-incorganic hybrid material to which
the mold releasing layer was applied was put thereon, and
was irradiated with UV light at 1500 mJ/cm® at 25°C using
the nancimprint device.

Then, the replica mold was peeled, and the sgurlace
‘0of the slide glass was observed by the AFM. Excellent
trangfer of 250 nm pitch pattern could be confirmed. The
shape image (observation area: 2 pm sguare) of the AFM is

shown in Figure 14.

Industrial Applicability

foooegl

When the organic-inorganic hybrid material of the
present invention is used to produce the fine raised and
depressed pattern by the imprinting method, the organic-
inorganic hybrid material has excellent storage stability
before use, and the fine raised and depressed pattern
having a certain extent of flexibkbility can be formed.

Because the surface ig mineralized with the fine ralsed
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and depressed pattern maintained after being cured, and
the surface haz a significantly high hardness, the surface
hag excellient abrasion registance.

After the master mold is pressed, the
electromagnetic ray can be irradiated without removing the
master mold as before by coatimg the substrate with the
organic-inorganic hybrid material of the present invention
and semi-curing it. However, even i1f the master mold is
removed, the electromagnetic ray can be irradiated.
'Theref6xe, it becomes unnecesgary to use the substrate ox.
master wmold txanémitting' electromagnetic waves reguired
when the electromagnetic waves are irradiated in a sgtate
where the master mold is pressed unlike the case of usual
optical imprint. An inexpensive mold material can be used.
The material of the substrate may be optional, and the

production cost can be drastically reduced.
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CLATMS

1. A method for producing a replica mold comprising the
steps of:

(A) coating a substrate with an organic—inorganic hybrid
material;

(B) semi-curing a coated surface with heat and/or an
electromagnetic ray to produce a substrate for fine raised
and depressed pattern formation;

(C) pressing a master mold having a predetermined fine
raiged and depressed pattern formed thereon against the
subgtrate for fine raised and depregssed pattern formation
by an imprinting method to transfer the fine raised and
depressed pattern onto the substrate; and

(D) irradiating the substrate for fine raised and
depressed pattern formation onto which the fine raiged and
depressed pattern is transferred with an electromagnetic
ray to cufe the substrate, wherein the organic-inorganic
hybrid material compriseg:

a) an organosilicon compound consisting of

a compound represented by the formula (I):

R'%8i%n ... (I)

(wherein n represents 1 or 2; when n is 2, each R* is
optionally the same or different; R® represents an organic
group; and one or more of R' represent a vinyl group-
containing hydrocarbon group; X represents a hydroxyl
group or a hydrolyzable group; and each X i1is optionally
the gsame or different),

a compound represented by the formula (II):

R*.Gi%¥sy ... (II)
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{wherein n represents 1 or 2; when n is 2, each R? is
opticnally the same or different; R? represents an organic
group excluding a vinyl group-~containing hydrocarbon group,
which has a carbon atom bonded directly to Si in the
formula; X represents a hydroxyl group or a hydrolyzable
group; and each X is optionally the same or different),

and

a hydrolysis condensate thereof 1f present,

wherein {{the compounad of the formula (I)] + [a unit
derived from the compound of the formula (I) in the
hydrolysis condensate if present]l} / {Ithe compound of the
formula (I}l + [the compound cf the formula (II)] + [a
unit derived from the compound of the formula (I) in the
hydrolysis condensate if present] + [a unit derived from
the compound of the formula (II} in the hydrclysis
condensate 1f present]} x 100 is 30 to 100 mol%; and

{[the compound of the formula (II})] + [a unit derived from
the compound of the formula (II) in the hydrolysis
condensate if present]} / {[the compound of the formula
(1}i + [the compound of the formula (II}] + [a unit
derived from the compound of the £ormula {(I) in the
hydrolysis condensate if present] + la unit derived £from
the compound of the Zfeormula (II} in the hydrolysis
condensate 1f present}} x 100 is 0 to 70 mol%:

b) an electromagnetic ray-curable compound; and

c) a silanol condensation catalyst.
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2. The method for producing a replica mold according to
claim 1, wherein {Ilthe compound of the formula (I}l + I[a
unit derived from the compound of the formula (I} in the
hydrolysis condensate if present]} / {lthe compound of the
formula (I)] + [the compound of the formula (II)] + I[a
unit derived from the compound of the formula (I} in the
hydrolysis condensate 1f present] + [a unit derived from
the compound of the formula (II) in the hydrolysis
condensate 1f present]} x 100 is 30 to 95 mol%; and

{ [the compound of the formula (II})] + [a unit derived from
the compound o©f the formula (II) in the hydrolysis
condensate 1f presentl} / {[the compound of the formula
(£}] + [the compound of the formula (II)] + [a unit
derived from the compound of the formula (I) in the
hydrolysis condensate if present] + [a unit derived from
the compound of the formula (II} in the hydrolysis

condensate if present]} x 100 ig 5 to 70 mol%.
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3. The method for producing a replica mold according to
claim 1 or 2, wherein the electromagnetic ray-curable

compound is 8C mass % or less based on the total mass of a

solid content of the compesition.

4, The method for producing a replica meld according to
any one of claims 1 to 3, wherein the silanol condensation

catalyst is a photosensitive compound.

5. The method for producing a replica mold according to
any one of claims 1 to 4, further comprising the step of
(E} applying a meld releasing layer onto a surface of the

fine raised and depressed pattern cbtained in the step (D).

6. The method for producing a replica mold according to
any one of claims 1 to 5, wherein the organic-inorganic
hybrid material comprises a material for a mecld releasing

laver.

7. A replica mold obtained by a method according to any

one of claims 1 to 6.
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