SF-2377 1 Description RESIN MOLD FOR NANOIMPRINTING Technical Field 5[0001] The
present ifertion relates to a resinmold for nanoirfprinting, which has good release properties. More
particularly, the present invention relates to a resii mold which has good release properties, canbe
easilyproduced and is suitable particularly for nanoimprinting. 10 Background Art [0002]
Nanoimprinting technique is a technique comprising pressing a mold having a pattern of depressions
and protrusions formed thereon 15 against gdiguid gesipror the like on a substrate to transfer the
pattern of the mold onto the resin. As such patterns of depressions and protrusions, those from

nanoscale of 10 nm-level to abotit 100 wim; arer-presentandtheyrhave been used in various fields,
such as fields of semiconductor materials, optical materials, memory media, 20 micro machines,

biotechnology and environment. [0003] The type of nanoimprinting is, for example, thermal
nanoimprinting comprising bringing a mold, on a surface of which a

Technical Field
5 [0001]

Thepresent inventionrelatestoaresinmeldfornanoimprinting,
which has good release properties. More particularly, the present
invention relates to a resin mold which has good release properties,
canbeeasilyproducedandissuitableparticularly fornanoimprinting.

10
Background Art
[0c02]

Nanoimprinting technigue is a technique comprising pressing

amold having a pattern of depressions and protrusions formed thereon
15 against a liguid resin or the like on a substrate to transfer the

pattern of the mold onto the resin. As such patterns of depressions

and protrusions, those from nanoscale of 10 nm-level to about 100

um are present, and they have been used in various fields, such as

fields of semiconductor materials, optical materials, memory medisa,
20 micre machines, biotechnolegy and environment.

[0003]

The type of nanoimprinting is, for example, thermal
nancimprinting comprising bringing a mold, on a surface of which a

given shape has been provided, intc pressure contact with a



given shape has been provided, into pressure contact with a SF-2377 2 thermoplastic resin melted at
a temper furé of hot lower than the glass transitioy temperature to thermally nanoimprint the surface
shape of the mold onto the thermoplastic resin, cooling the mold and then removing the mold, or photo
nanoimpriting comprising pressing 5 a mold similar to the above mold against a photo-curable resin,
curing the photo-curable resin by irradiation with energy rays such as ultraviolet rays and then

removing-the-meld.[0004] @nsthe atherdiangd; takingnsteeagtirbardness, prosessabiity, dd:

dimensional stability, etc. into consideration, quartz, silicon or the like is usually used for the mold.

These materials-hawever have-prablems:that they aradiable to-be brekem-are-expensiveand need a
long time for producing a mold, and in order to solve these problems, a replica mold is produced using

the mold of guartz arthe;la likeras.armastar meld tadhereby:cope with thednass pioduiction. [0005]
As the replica mold, a mold made of a resin is known from the viewpoints of general-purpose

properties;angd E@ﬁb&h{gi%%%molgﬂ%wimm&rﬂm&@ﬁw@]@m rSughagesinsmeld for

nanoimprinting is formed by bringing a master mold into contact with a laminate consisting of a

subsirate.anch & %ﬁi@ﬁ%@é@%@%@e%ﬁ@%‘%ﬂﬁ@@ ipnshape-having-been formed,gn the

master mold to the resin layer of the laminate. SF-2377 The nanoimprining is a method in which a

laminate copsisting of 4, subsitate.and afesin sugh as,BMNA laminaled.on e subsiaieds brought
into contact with the thus formed resin mold for nanoimprinting under heating at a temperature of not
. lower th%@a@?ﬁjﬁé@%@ and then remcving the mold,
[0004]
On the other hand, taking strength, hardness, processability,
10 dimensional stability, etc. into consideration, guartz, silicon or
the like is usually used for the mold. These materials, however,
have problems that they are liable to be broken, are expensive and
need a long time for producing a mold, and in order to solve these
problems, a replica mold is produced using the mold of quartz cr the
15 like as a master mold to thereby cope with the mass production.
[0005]
As the replica mold, a mold made of a resin is known from the
viewpoints of general~purpose properties and cost. This is a resin
mold for nanoimprinting.
20 [C0C6]
Such a resin mold for nanoimprinting is formed by bringing a
master mold into contact with a laminate consisting of a substrate

and a resin layer to transfer a depression~protrusion shape having

been formed on the master mold to the resin layer of the laminate.



5 temperature (TQ) to transfer the depressions and protrusions having been formed on the resin mold
for nanoifiprihting onto the resin 5. After the transfer is carried out as above, the resin is cooled, and
then the resin is released from the resin mold for ﬁanoimprin' ing, whereby the depression-protrusion
shape having been formed on the 10 mold can be transferred to the resin 5. This is an example of

thermal transfer, and in addition to such thermal transfer, photo-curing transfer using a photo-curable

resin as the resin has heen garried qut tq fransfey thedepression:protuision shapen [00Q7],15By

bringing the resin mold for nanoimprinting formed as above into contact with a thermoplastic resin or a

photo-cugaple resin.or afilp.on which suchaJesin.has beenlaminated andransferring fhe

depression-protrusion shape having been formed on the resin mold surface to the surface of the

thermoplagtic f@é{%gemi%%&%@g 20 tesin,varous deyiees can be produced. [0008]

However, the replica mold used as above and the thermoplastic resin or the photo-Curable resin to

whioh he,depressign PoVURIan. shane I s ransiiired A1 oo resnssanddeielats, when the

SF-2377 4'resin epression-protrusion shape having been formed on the replica mold

P g P B D e e

or the pho?&%%?gb € résin 18 sometimes broken o On this account, a film of an oxide

such as %ilicon oxide |d¢, forrr%%d on the StIJﬁrg)a}%g p(f)g gl%rrll\éel%iornfl {Q%I(i;(;%mtoldt( %sigerggp gor
I ontis Sxide i surtace Jent syeris hurher -

nanoimprlﬁﬁf?g)r,oarﬁc?on%is oXide film surface a refease a ayer-is further formed to not only
enhancezgygggllgx of the replica,mold 10,blé1 %Igg %pr%\é%gerlegﬁg Q:reogertles.c[;g%%’ and

e transter is carrie a 1N TS5
then the resin is released from the resin mold for nanoimprinting,
whereby the depression-protrusicn shape having been formed on the
10 mold can be transferred to the resin 5. This is an example of thermal
transfer, and in addition to such thermal transfer, photo-curing
transfer using a photo-curable resin as the resin has been carried
out to transfer the depression-protrusion shape.
[0007]
15 By bringing the resin mold for nanoimprinting formed as above
into contact with a thermoplastic resin or a photo-curable resin or
a film on which such a resin has been laminated and transferring the
depression-protrusion shape having been formed on the resin mold
surface to the surface of the thermoplastic resin or the photo-curable
20 resin, variocus devices can be produced.
[0008]
However, the replica mold used as above and the thermoplastic
resin or the photo-curable resin to which the depression-protrusion

shape is to be transferred are both resins, and therefore, when the



However, in order to form an oxide layer on the surface of the resin layer as above, vacuumdeposition
techniqu@%T%?’ngevel becomes necessary. Moreover, when a release agent layer is further formed 15
on the surface of the oxide layer, a problem that the release agent layer is transferred from the replica
mold also occurs. [0011] In order to solve such problems, an invention of "a photo-curable resin
composition characterized in that (a) one ormore monomers having 20 3 or more acrylic groups and/or

methacrylic-groups. it ene saolecde are caataines imbamamenntiof 20 ta 60% byaveightng) the
amount of a component which is bonded by photo-curing reaction and becomes a solid is not less than

98% by weightand (g)ithe wiscasity at 2BEtis ot memwthanckd mPa sisdisalosed in claim 1 of a
patent literature SF-2377 5 1 (Japanese Patent Laid-Open Publication No. 2009-19174), and in claim

3, it is degcribed dhatthis phata-cyrablesrasin compesitien aantains Ork iedO% by weight of a silicone
compound containing an acrylic group and/or a methacrylic group. Further, it is described in 5

paragraph [0001] thatthe inyentian described in the eited diteraliyenl isran invention of a molded
product produced by the use of this resin composition. [0012]
5 [0009]

On this account, a film of an oxide such as silicon oxide is
formed on the surface of a conventional replica mold (resin mold for
nanoimprinting), and on this oxide filmsurface a release agent layer
is further formed to not only enhance durabllity of the replica mold

10 but also improve release properties.
[0010]

However, in order to form an oxide layer on the surface of the
resin layer as above, vacuumdepositiontechnigue ofhigh level becomes
necessary. Moreover, when a release agent layer is further formed

15 on the surface of the oxide layer, a problem that the release agent
layer is transferred from the replica mold also occurs.
[C011]
Inorder tosolve suchproblens, an inventionof “aphoto-curable
resin compositioncharacterizedinthat {(a) one ormore monomers having
20 3 or more acrylic groups and/or methacrylic groups in one molecule
are contained in an amount of 20 to 60% by weight, (b} the amount
of a component which is bonded by photo-curing reaction and becomes
é solid is not less than 98% by weight, and (¢} the viscosity at 25°C

isnotmore than 10mPa-s” isdisclosed inclaimlof a patent literature



However, described in the cited literature 1 is an invention 10 of improvement in mold release
propertie%%f%ﬁg fesin of the photo-curable compasition by copolymerizing a silicone compound having
an acrylic group or a methacrylic group. The silicon compound described in this cited literature 1 is a
compound having reactive unsaturated groups such as acrylic groups or methacrylic groups at 15
bothends,similarlytosilicondiac ylate(see,forexample,paragraph [0034] and paragraph [0035]). When a

silicone compouikhaving saactiveasatated graupsatoth endsis Used, as-abnve,ithereactive
unsaturated groups at both ends react with another monomer so as to for example, a crosslinked

structures Therefore. such 240 silicone sompeund-is-agh resentassxgraft ehainamthe surface of the
resin, and copolymerization of the silicon compoundhaving reactive unsaturated groups at both ends

rarely hag influenge ondhe mold releasg propertias. [00A3LSF23%A 81 ni HyCliME-0f A patent

literature 2 (Japanese Patent Laid-Open Publication No. 2010-00612), an invention of "a curable
composition f« %@EP)BEP@%&&Q@%@E@ a.marofunstional polymerizable-campeund:in an amount of

not less than 87% by mass and a 5 photopolymerization initiator" is described. In paragraph [0029], it

s d%sc”?%q:&'?ﬁ}éBE?b'b%%'? cAMPPsItion, farnanpimedpting preferably soptains asiliconedresin.

However, described in this Cited literature 2 is that mold release properties are imparted by adding the
silicone resin, and ?I%%M%%O'&% resin dogsingthave 10 eaehvity; with thesresia that is3 main agent.
By adding such a silicone resin alone, mold release properties are improved, but the silicone resin
dose notrrgg%wgh th%Sr(ia%igotIJ?at is a main agent, so that there is a problem that falling-off of the
silicone resin is liablé fo occur. 15[0014] In claim 1 of a patent literature 3 (Japanese Patent
Laid-OpegbBEQ ication No. 2006-198883), an invention of "a mold having a fine pattern on its surface
and containing not less than 0.1% by mass of a fluorine-containing polymer containing recurring units

e e R SRR e o e o eV f Moy e, viene
hexafiuoropropylene, fluoroacrylate and fluoromethacrylater is discloged: SF:23# che
photo-curable composition by copolymerizing a silicone compound
having an acrylic group or a methacrylic group. The silicon compound
described in this cited literature 1 is a compound having reactive
unsaturated groups such as acrylic groups or methacrylic groups at
15 bothends, similarlytosilicondiacrylate (see, forexample, paragraph
10034] and paragraph [0035}). When a silicone compound having
reactive unsaturated groups at both ends is used as above, the reactive
unsaturated groups at both ends react with another monomer so as to
form, for example, a crosslinked structure. Therefcore, such a
20 silicone compound is not present as a graft chain on the surface of
theresin, andcopolymerizaticonof the siliconcompoundhavingreactive
unsaturatedgroups at bothends rarelyhas influenceonthemoldrelease
properties.

[0013]



7 [0015] In agatent literature 4 (Japanese Patent Laid-Open Publication No. 2006-182011), an
invention°6f2°mald for photo-curable resin moldi%g, having a fine pattern on its surface and having a
total light 5 transmittance of not less than 90% at wavelengths of 200 to 500 am, wherein the mold
c_:ontains not less than 50% by mass of a fluorine-containing polymer" is disclosed. [0016] In the patent
literatures 3 and 4, release properties are 10 imparted to the resin mold by the use of a fluorine

copolymer, and use of flugroacrylate isalso descrihed: dHpwevesa the unroaarylate useddrerein has a
low molecular weight, and there is a problem that such graft chains as effectively act on the release

prOpertieﬁﬂfiQ%thHﬂ% 15 @1@1@@6@@5 Patent Literatue [0017h curablPatenblitetatise 1:
Japanese Patent Laid-Open Publication No. 202009-19174 Patent literature 2: Japanese Patent

Laidiop%?%*?ﬁﬁ%tiﬂlgi%@%g;o%k%ainiaate@tﬂ{&@rgwﬁ&imnqs@wﬁm;Lain@pen
Publication No. 2006-198883 SF-2377
compound in an amount of not less than 875 by mass and a
5 photopolymerization initiator” is described. In paragraph [0029],
it is described that this curable composition for nanoimprinting
preferably contains a silicone resin. However, described in this
cited literature 2 is that mold release properties are imparted by
adding the silicone resin, and such a silicone resin does not have
10  reactivity with the resin that is a main agent. By adding such a
silicone resin alone, mold release properties are improved, but the
silicone resin dose not react with the resin that is a main agent,
so that there is a problem that falling-off of the silicone resin
is liable to occur.
15 (00141
In claim 1 of a patent literature 3 (Japanese Patent Lald-Open
Publication No. 2006-198883), an invention of “a meld having a fine
pattern on its surface and containing not less than 0.1% by mass of
a fluorine-containing polymer containing recurring units based on
20 at least one fluorcmonomer selected fromthe group consistingof vinyl
fluoride, vinylidene fluoride, trifluorcethylene,
chlorotrifluoroethylene, tetraflucroethylene,

pentafluorcpropylene, hexafluoropropylene, fluoroacrylate and

fluoromethacrylate” is disclosed.



8 Patent literature 4: Japanese Patent Laid-Open Publication No. 2006-182011 Summary of
Invention™3 TécHrical Problem [0018] It is an .object of the present invention to provide a resin
mold for nanoimprinting, which is free from transfer defects, has excellent releasability from a resin on
which imprinting has been 10 performed and has no defects due to imprinting. It is another object of
the present invention to provide a resin mold for nanoimprinting, which itself has release properties
even if a relgase agent layer is not formed. 15 Solution to Problem [0019] The resin mold for
nanoimprinting of the present invention is a resin mold for nanoimprinting, comprising a substrate and

a resin layer having fine depressions.and protrusionsformed onthe syrtacen 20vwhereindhe resin
layer is formed from 1 to 49 parts by weight of a silicone-basedmacromonomer and/or a

fluorine-hasedmacromenomer and 991 51:parts by-weight of at least.ane pobanerzakleimonomer
selected from the group consisting of a (meth)acrylic monomer, a styrene-based monomer, an

epoxy-baged mopomet, anyolefinRased: SFZ37 {-Ssmonamer angia, polycarbenate:based:

resin-forming monomer, the silicone-based macrombnomer and/or the fluorine-based

macepmongmer has amolegular weight of 600 t2,10000,and has,at anend@f molecie,a, reactive

group copolymerizable with the

wherein the meld ceontains not less than 50% by mass of a
fluorine-containing pclymer” is disclosed.
[0016]
In the patent literatures 3 and 4, release properties are
10 imparted to the resin mold by the use of a fluorine copolymer, and
use of fluorcacrylate isalsodescribed. However, the flucroacrylate
used herein has a low molecular weight, and there is a problem that
such graft chains as effectively act on the release properties are
not formed.
15
Citation List
Patent Literature
[0017]
Patent literature 1: Japanese Patent Laid-Cpen Publication No.
20 2009-19174
Patent literature 2: Japanese Patent Laid-Cpen Publication No.
2010-00612
Patent literature 3: Japanese Patent Laid-Open Publication No.

2006-1928883



5 polymerizable monomer, and when the reactive group is copolymerized with the polymerizable
group, sifiéoivebbdsed units or fluorine-based units that constitute the macromonomer form side chains
on a trunk polymer formed from the polymerizable'monomer and the macromonomer. [0020] 10In this
resin mold for nanoimprinting, the resin layer may be formed on one substrate selected from the group
consisting of a resin substrate, a glass substrate, a silicon substrate, a sapphire substrate, a carbon

substrate and a Gap-sybstrats.[0921]14.5When the thigkness af the-rasindayer is.designated by y and

the height of the protrusion formed on the resin layer is designated by x in the resin mold for
nanoimprptiRg of the present invention, the resin layer preferably has a relationship represented by
the following formula (1): 20[0022] ynxx(l) wherein n is a value ranging from 1 to 15. [0023] SF-2377
10 formed by copolymerizing a macromonomer having a reactive polymerizable group at an end with
another monomer. This macromonomer preferably has the reactive polymerizable group at one end,

and the sgl&g&er nits- ok the flugrine-containing units that constitute the 5 macromonomer preferably
form a chain structure. {0024]

5 Technical Problem
(0018]

It is an object of the present invention to provide a resin
mold for nanoimprinting, which is free from transfer defects, has
excellent releasability from a resin on which imprinting has been

10 performed and has no defects due Lo imprinting. It is another object
of the present invention to provide a resin mold for nanoimprinting,
which itself has release properties even if a release agent layer

is not formed.

15 Solution to Problem
[0019]
The resin mold for nanoimprinting of the present invention is
a resin mold for nanoimprinting, comprising a substrate and a resin
laver having fine depressions and protrusions formed on the surface,
20 wherein the resin laver is formed from 1 to 49 parts by weight
of a silicone-basedmacromonomer and/or a fluorine-basedmacromonomer
and 99 to 51 parts by weight of at least one polymerizable monomer
selected from the group consisting of a {meth)acrylic monomer, a

styrene-based monomer, an epoxy-based monomer, an olefin-based



The resin that chnstitutes the resin mold for nanoimprinting of the present invention has a

weight-a@gr"a%% ¥

molecular weight (Mw), as measgared by gel peimeation chromatography, of 50000 to
150000. 10[0025] In the present invention, the pitch of repeating units of the surface shape formed
on the resin layer is in the range of 10 to 50000 nm. [0026] 150n the surface of the resin layer that
constitutes the resin mold for nanoimprinting of the present invention, the side chains of the
MmacromeReIBeE are Rieseni-9g thatiibe contactanpleteiweeathengsimlayes surface and pure water
may become not less than 100 degrees. 20[0027] The light transmittance of the resin mold for
nanoimprinting of tke presentinventien ah36bonrismustialy mos lessthahl 5% 18628k SF-2377 11 be
also arranged on a surface of a roller. Advantageous Effects of Invention [0029] 5In the resin mold for

nanoimpxiating £f the.oresest invention a-spegifigmacronionomeris Usedso that paits having a
release function are bonded in the form of branches to the main chain of the resin and are present in

tcf(‘; \‘/’Lﬂ?%)ﬁgf the surface Ehetefore; blaedout:of i relepse agent dassanatiageur differently from a
5 polymerizable monomer, and when the reactive group is copolymerized
with the polymerizable group, silicone-based units or fluorine-based
units that constitute the macromecnomer form side chains on a trunk
polymer formed from the polymerizable3nonomer and the macromonomer.
[0020]

10 In this resin mold for nanoimprinting, the resin layer may be
formed on one substrate selected from the group consisting of a resin
substrate, aglasssubstrate, asiliconsubstrate, a sapphiresubstrate,
a carbon substrate and a GaN substrate.

00217

15 When the thickness of the resin layer is designated by y and
the height of the protrusion formed on the resin layer is designated
by x in the resin mold for nanoimprinting of the present inventicn,
the resin layer preferably has a relationship represented by the
following formula (I):

20 [0022]

y = nxx {1}
wherein n is a value ranging from 1 to 1.
[0023]

The resin mold for nancimprinting of the present invention is



10 resin mold, and falling-off of the parts having a release function can be inhibited. [0030]
Moreove?,bb‘yzﬁﬂolmerizing a silicone-based orfé orine-based mocromonomer having a
number-average molecular weight (Mn) of 600 1 L@o 10000, a structure (side chain part) having a
release function can be allowed to be present on the surface of the resin mold composed of such a
copolymer, and good release properties are exhibited. Brief Description of Drawings 20[0031] [Fig. 1]

Fig. 1 is asgetional view showing an,example of thesesi-meld-farnanokprinting of the present
invention. [Fig. 2] Fig. 2 is a group of sectional views showing an example of a method using the resin

mold for pangimbrinting of,the present 5E-237¥ 12J0MeRtiQ ome {FigrBl Fige Srisnaeeneeptual view
showing a working example in which nanoimprinting is continuously carried out by arranging the resin
rnomforﬂ?@?%&%ﬂﬁ§”ﬁ§gtbﬁé%ﬁ§§9@EW@@QQE@@fﬁQ@EﬁE group at one end, and the
silicone unite or the fluorine-containing units that constitute the
5  macromonomer preferably form a chain structure.
[0024]
The resin that constitutes the resin mold for nanoimprinting
of the present invention has a welght-average molecular weight (Mw),
as measured by gel permeation chromatography, of 50000 to 150000.

10 [0025]

In the present invention, the pitch of repeating units of the
surface shape formed on the resin layer is in the range of 10 to 50000
nim.

[0026]

15 On the surface of the resin layer that constitutes the resin
mold for nanoimprinting of the present invention, the side chains
of the macromonomer are present so that the contact angle between
the resin layer surface and pure water may become not less than 100
degrees.

20 [c027]

The light transmittance of the resin mold for nanoimprinting
of the present invention at 365 nm is usually not less than 75%.
[0028]

The resin mold for nancimprinting of the present invention can



Description of Embodiments [0032] Next, the resin mold for nanoimprinting of the present
inventior? fs destfibed making reference to the drﬁ/vings. 10[0033] Fig. 1 schematically shows an
example of a section of the resin mold of the present invention. The mold of the present invention
has a resin layer 3, on a surface of which fine depressions and protrusions of nano-order have 15
been usually formed. This resin layer 3 is generally foiled on one surface of a substrate 4. [0034]

Examples-of-thesubstratgsinclide asiesiz substrate, eoglass substrate, asiliconsubstrate,
asapphiresubstrate,aGaNsubstrate, 20 a carbon substrate and a silicon nitride substrate. Particularly
in the present invention, any one substrate of a resin substrate, a glass substrate, a silicon substrate, a
sapphire substrate and a GaN substrate is preferably used. [0035] SF-2377 13 Examples of

resins u%%g%gg@gr@g%gd%pobfa)zlgwgg&{erephthalate, polycarbonate,
polymethylmethacrylate, polystyrene, cyclic polyolefin, polylmide, polysulfon2, polyether sulfone and

polyethylm@qphthalate. 5[0036]

5 Tn the resin mold for nanoimprinting of the present invention,
aspecificmacromonomerisused,sothatpartshavingareleasefunction
are bonded in the form of branches to the main chain of the resin
and are present in the vicinity of the surface. Therefore, bleedout
of a release agent does not occur differently from a conventional

10  resin mold, and falling-off of the parts having a release function
can be inhibited.
[0030]
Moreover,bycopoiymerizingasilicone—basedorfluorine—based
mocromonomer having a number~average molecular weight (Mn) of 600
15 to 10000, a structure (side chain part) having a rslease function
can be allowed to be present on the surface of the resin mold composed

of such a copolymer, and good release properties are exhibited.

Brief Description of Drawings
20 [0031]
[Fig. 1] Fig. 1 is a sectional view showing an example of the
resin mold for nanocimprinting of the present invention.
[Fig. 2] Fig. 2 is a group of sectional views showing an example

of a method using the resin mold for nanoimprinting of the present



In the present invention, the substrate may be in the form of a film or a plate. That is to say, the
thickness 6f thé Slibstrate is usually about 0.01 to 1 mm, preferably about 0.05 to 0.5 mm. In the
present invention, the resin layer 3 is usually forméd 10 on a surface of such a substrate 4 as above.
In the present invention, the resin layer 3 is a layer of a copolymer of a macromonomer and a
polymerizable monomer. [0037] The macromonomer for use in the present invention is a 15
silicone-bgsgd-magromonomer and/or a fluorine-based macromonomer. [0038] The
silicone-based macromonomer employable in the present invention is a macromonomer having a

molecular weight af:600 tq 20,008, preferab|yd:00Q 10+:0;Q00: Alsewhens fluatne-baged

macromonomer 20 is used in the present invention, the fluorine-based macromonomer is

amaCfO”&?%E&ﬁ%‘éﬁ%ﬁH%@?ﬁH@{dvﬁQBb%@%é@é@y QQD; preferahly-l, 9004040,,000.. Because

themacromonomer has such amolecularweight, a resin mold having good transfer ability can be

formed. [QQ39}, S$f5237#c14 nandikihe:present vention, the macromaenaemer has areagtive group
copolymerizable with a polymerizable monomer at one end of molecule. By the use of a

macgomonomer having a reactive group at one end, a silicone-containing group or a
fluorine-containing group can be 5 introduced into the resin for forming the resin mold, as a graft group

on the m%igscé@ +BY the pse of & macromonomer having reactive groups at both ends, a
silicone-containing component unit or a fluorine-containing component unit is introduced into the main

chain (tru mer) of the resin for forming the resin mold, and a 10 silicon-containing group or a
fluorine-containing group is introduced as a graft group that is graft-bonded to the main chain of the

e SR Seesson s A oot beomge o srong
is described making reference to the drawings.
10 [0033]
Fig. 1 schematically shows an example of a section of the resin
meld of the present invention.
The mold of the present inventicn has a resin layer 3, on a
surface of which fine depressions and protrusiocons of nano-order have
15 been usually formed. This resin layer 3 is generally formed on one
surface of a substrate 4.
[0034]
Examples of the substrates include a resin substrate, a glass
substrate, a siliconsubstrate, a sapphire substrate, a GaNsubstrate,
20 a carbon substrate and a silicon nitride substrate. Particularly
in the present invention, any one substrate of a resin substrate,
a glass substrate, a silicon substrate, a sapphire substrate and a

GaN substrate is preferably used.

[0035]



15 structure thus formed, silicone-containing groups or fluorine-containing groups coma to be present,
whereby excelfent release properties can be imparted to the surface of the resin mold for
nanoimprinting of the present invention. That is t6 %ay, such silicone-containing groups or
fluorine-containing groups are 20 introduced as graft chains on the main chain. As a result, when a
molded product is produced, these graft chains are present on the surface of the molded product in a

higher concentrafion than in the-geniral partiof the- moldedJroduct ;and theydenddorgxiend along the
surface of the molded product to spread over the surface of the SF-2377 15 molded product. Hence,

the resin mold fhus formed t%Bﬂ%%@%‘é%@P gzwﬁﬁm%ﬁséx Lthe other,bandehecause these

graft chains are bonded to the main chain and unitedwith the main chain, falling-off of the graft chains

does nm&?&'ﬂé&%f‘%lefjme%l&%‘?ﬁ%‘é?dgﬁﬁ%@f’f‘&q@rf%ﬁ%g@ﬂ%reﬁ?f‘f%@”QHH can be

prepared by using a publicly known process. [0 According to the preparation process utilizing
anionic 10 poly 'g&f{gn%&@ggggefor example, Japanese Patent Laid-Open Publication No.
1984-78236, cycliT trisiloxane, cyclic tetrasiloxane or the like is polymerized using a polymerization
initia%or 5%5139%% lithium trialkyl silanolate to obtain a silicone living polymer, and this polymer is allowed
to react with 15°y-methacryloyloxypropylmonochlorodimethylsilane or the like. In Japanese Patent

Laid-Open Publication, No; 1983 16/606-a0d Jananese, Patent Laid-Open Pyhlication Mo, «

1985-123518, a preparation process utilizing condensation reaction, that is, a process

usingcondepsation reaction of silicone haying a silanql,group at.an end with 20 _ .. .
y-methacary%y%ﬂxfpl;o%yﬁr?l%%efhox?/%i?gnel ort eﬁ%’is%égesclﬁ Jé(é}.{%\e[&;’fsoc(jess or psrlépg?r;lﬁa the

fluorine-%assed m omg%gomceroig iﬂ:ifs&r)ibfd in, forre?mgkgl Naé@ggjchjp#)igatci%_n féntneﬁmational
Patent N6~ 1889503165 That is to say, in glﬁés% 2118 g of commercial y available
hydroxypropyl-teErgir%%tg dp@glg/gzi{gegp})(flgy%%%g @%é”%&a%?%& 3 is usually formed
16 on a surface of such a substrate 4 as above.
In the present invention, the resin layer 3 is a layer of a
copolymer of a macromenomer and a poelymerizable monomer.
[0037]
The macromonomer for use in the present invention is a
15 silicone-based macromonomer and/or a fluorine-based macromonomer.
[0038]
The silicone-based macromonomer employable in the present
invention is amacromonomer having amolecular weight of 600 teo 10, 000,
preferably 1,000 to 10,000, Alsc when a fluorine-based macromonomer
20  is used in the present invention, the flucorine-based macromonocmer
isamacromonomer havingamolecularweight of 600to 10,000, preferably
1,000t010,000. Becausethemacromonomerhassuchamolecularweight,

a resin mold having good transfer ability can be formed.

[0039]



16 molecular weight of 947 and 10.76 g of distilled trimethyl hexamethylene diisocyanate are placed.
The mixtdre 18 Vi orously shaken for several minl.itfs, and then 0.04 g of dibutyltin dilaurate is added.
Next, the mixture is further shaken for 5minutes and then 5 stirred for one night . During first one hour,
mild exothermis observed. Next, to this reaction mixture, 103.30 g of commercially available PFPE
having a molecular weight of about 2,000 (hydroxyl value: 55.40) and 0.10 g of dibutyltin dilaurate are

added. They are vigereusheshaken-for several miruies agai: andrihen the saixturedsystired 10 for
one night. An infrared spectrum is measured to confirm disappearance of an isocyanate peak. Next, to

this mixturep4:9%.8-0f iseayanatoethylinethacrylate havivgheen justeistiled isagsteg-The. flask is

vigorously shaken, and the mixture is stirred for one night. An infrared spectrum is measured again to

confirm 15 disgppeacanee ofan-isocyanate-peak: hhedesultingicempound iswa Suerinedyased
macromonomer having an acrylate group at one end and represented by the following formula (IV).

[0042] C7A2.4044.31500407, QIIHCQ, PRRECO-OGH2G112042:54(CHs@ oup can be |
AWA4ACO-PFPECONHCIHr00034741-t4H2 20[0043] In the present invention, the resin for forming

the resin mold can -be prepared by. forexample.copolymerizing:sHeh @ macsomanamerag,above and

a specific polymerizable monomer. The specific SF-2377 polymerizable monomer used herein is a

monomer that is copolymerizablg withthe mactomonamer, and the resulting copolymesisdesired to

be a resin to which a depression-protrusion shape having been formed on a master mold can be easily

transferred apd which has high.3 fransparenay. A5 such apelymerizahile manomer, at least one

polymerizable monomer selected from the group consisting of a (meth)acrylic monomer, a

styrene-hased, monomer, an,apoxy-hassd.monomer; an glefighased mopamerand a-nain

polycarbonate-based monomer is used. These polymerizable monomers have high reactivity with the

10 macroponpmel,anddhe resulting copolymes has igh ansparency Maiyershgcause the
resulting opoR/mgr is'soluble in an organic solvent, it is possible to form a resin layer having

unmgvnméﬁﬂggggbégg¥;fggﬁg@roupcﬁ:afluozine—containinggroupjisintroduced

as a graft group that is graft-bonded to the main chain of the resin.
Accordingly, the resulting depression~protrusion structure for
nanoimprinting becomes a strong structure because cf the main chain,
and in the vicinity of the surface of the depression-protrusion

15 structure thus formed, silicone-containing groups or
fluorine-containing groups come to be present, whereby excellent
release properties can be imparted to the surface of the resin molid
for nanoimprinting ¢f the present inventiocn. That 1s to say, such
silicone-containing groups cor fluorine-containing groups are

20 introduced as graft chains on the main chain. As a result, when a
molded product is produced, these graft chains are present on the
surface of the molded product in a higher concentration than in the
central part of the molded product, and they tend to extend along

the surface of the molded product to spread over the surface of the



[0044] 15Examples of the (meth)acrylic monomers for use in the present invention include alkyl
(meth)acﬁﬂé't@ ,@uch as methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate, n-butyl
(meth)acrylate, isobutyl (meth)acrylate, t-butyl (meth)acrylate,2-ethylhexyl
(meth)acrylate,lauryl(meth)acrylate, 20 stearyl (meth)acrylate and isobornyl (meth)acrylate,
hydroxyalkyl (meth)acrylates, such as hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate and

hydroxybytyl fmeth)acrytate, ethylene oxide-madifies hydroxy {metblaentate dactene-medified
hydroxy (meth)acrylate, acrylic acid, and methacrylic acid. SF-2377 18 [0045] Examples of the

styrene-basedJnanemeysdinclude sbrepg-and aalkylstwensscaus<Exaayies of the olefinrbased

monomers include straight-chain 5 olefins of 2 to 20 carbon atoms, such as ethylene, propylene and

hexane, and eygloQlefins: fxamples-ofithe epaxy-based moremess nelide, glysidyt methaerylate and

4-hydroxybutyl acrylate glycidyl ether. Examples of the polycarbonate-based resin-forming monomers

10 includg @ eembipatian of bisphenoland dioheny].carbonate or phosgene. [0046] In the present
invention, themacromonomerandthepolymerizable monomer are used in such amounts that the weight

ratioBbethwpm is in the range of 1 to 49:99 to 51 (part(s) byweight). If the amount 15 of the
macromonomer copolymerized deviates from the above range and is too small, the resinmolddoes not

exhibit sufficient rglease action. g/-the shape pftheresinsmeldds hroken.-On.the otberbang, if the
amount of the macromonomer polymerized deviates from the above range and is too large, the
resulting E%%”@&CBP%%%QQQQH% éQ@r?g”Q”ﬁ%rﬂEly known process.
[0041]
According to the preparation process utilizing anionic
10 polymerization described in, for example, Japanese Patent Laid-Cpen
PublicationNo. 1984-78236, cyclic trisiloxane, cyclictetrasiloxane
or the like is polymerized using a polymerization initiator such as
lithium trialkyl silanclate to obtain a silicone living polymer, and
this polymer is allowed to react with
15 vy-methacryloyloxypropylmonochlerodimethylsilane or the like. In
Japanese Patent Laid-Open Publication No. 1983-167606 and Japanese
Patent Laid-Open Publication No. 1985~123518, a preparation process
utilizingcondensationzreaction, thatis, aprocessusingcondensation
reaction of silicone having a silanol group at an end with
20  vy-methacryloyloxypropyltrimethoxysilane or the like is described.
A process for preparing the fluorine-based macromonomer is described
in, for example, Naticnal Publication of International Patent No.

1999-5(03183. That is to say, in a flask, 24.18 g of commercially

available hydroxypropyl-terminated polydimethylsiloxane having a



20 resin layer cannot be obtained. [0047] Although the weight-averagemolecularweight of the
resin, which i dbtained as above and is used for f rming a resin layer, has only to be such a
weight-average molecular weight as to be able to f%rm SF-2377 19 a resin layer of high transparency,
it is usually 5 to 150,000, preferably 6 to 100,000. [0048] In such a resin, silicone-based units derived
from the 5 silicone-based macromonomer or fluorine-based units derived from the fluorine-based

macromapoaer form linsansidgchains epdhedrunk golymey; His preferablenthat fhe silicone units or
the fluorine-containing units that constitute the macromonomer form a chain structure. 10[0049]

Such a regiy is dissolvatkinan Qrganic-slvantsuanasdoluenc:op xylenes sosthat gothim iy of a

uniform thickness is formed. For forming the thin film, usual thin film-forming technique such as spin

coating o blade ceating.can -be ysed.+15/0050) tnedhe, thickngssofihe yesinlayerdhus fermed is

usually 50 rim to 30 um, preferably 500 nm to 10 um. When the thickness of the resin layer is in the

above range, ihe fesindayer has.suelstrength as tomdthstand:stampingy hasihigh:smaotbness and is

easy to handle. 20 In the case where depressions and protrusions are formed on the resin layer, the

thickpess.of e esinJayer means a gistaneey hatweeniebatian spfacs.of e fasiplayer and the

highest surface of the surfaces of the depressions and protrusions, as shown in Fig. 1. [0051]

Next, to this reaction mixture, 103.30 g of commercially available
PFPE having a molecular weight of about 2, 000 (hydroxyl value: 55.40)
and 0.1C g of dibutyltin dilaurate are added. They are vigorously
shaken for several minutes again, and then the mixture is stirred

10 for one night. An infrared spectrum is measured to confirm
disappearance of an isocyanate peak. Next, to this mixture, 7.92
g of isocyanatoethyl methacrylate having been just distilledis added.
The flask is vigorously shaken, and the mixture is stirred for one
night. An infrared spectrum is measured again to confirm

15 disappearance of an isocyanate peak. The resulting compound is a
fluorine-based macromenomer having an acrylate group at one end and
represented by the following formula (IV).

[004Z2]

O CICHZ)-COO-CopH - NHCO-PFPE-CONH-R-NHEO-
OCHCHCHa-SITH-{OSHTHAT o]y ¢ -CHaCHaCHaO-CONH-H. Ly
NHEO-PFPE-CONH-Cahs - OCO-C{UH nCHy
20 [0043]
In the present invention, the resin for forming the resin mold

can be prepared by, for example, copolymerizing such a macromanomer

as above and a specific polymerizable moncmer. The specific



SF-2377 20 After the resin layer is formed as above, thesolventcontained in the resin layer is
removedsb@"l?eﬁi?lg using a hot plate or the like. QPSZ] Subsequently, a master mold is brought
into contact with the surface of the resin layer, then the resin layer is heated to a temperature of not
lower than the glass transition temperature (Tg) of the resin layer-forming resin, then thereto is applied
usually a pressure of 2 to 50 MPa, preferably 5 to 30 MPa, and the pressure 10 is held usually for 1 to

10 minutes, wheteby-thefine-defpressions and piatiusiansdhavingbeersforped.an Hie-surface of the

master mold are transferred to the resin layer. After cooling, the resin layer is released from the master

mold, wherehy the resin.mald for-nangimprinting.af. the presepbinvantion: cande farmed. 45[0053]

When the thickness of the resin layer is designated by y and the height of the protrusion formed on the

resin layey is.designated hy.x in thegesinmald for-panimprinting.ef the.piesent davention-thus formed,

the resin mold preferably satisfies a relationship 20represented by the following formula (1). [0054] y =

gXFX(Z'gm%LQ the, formula (), 9 is 8, valuesanging from 140,15 prefrrably: aivalua ranging from 1 to 10.

5 transparency. As such a polymerizable monomer, at least one
polymerizable menomer selected from the group consisting of a
{meth)acrylic monomer, a styrene-based monomer, an epoxy-based
monomer, an olefin-based monomer and a polycarbonate-based monomer
is used. These polymerizable monomers have high reactivity with the

10 macromcnomer, and the resulting copolymer has high transparency.
Moreover, because the resulting copolymer is soluble in an organic
solvent, it is possible to form a resin layer having uniformity and
high traﬁsparency.

[0044]

15 Examples of the {(meth)acrylic monomers for use in the present
invention include alkyl (meth)acrylates, such as methyl
(meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate,
n~butyl (meth)acrylate, isobutyl (meth)acrylate, t-butyl
(meth)acrylate,Z—ethylhexyl(meth)acrylate,1auryl(meth)acrylate,

20 stearyl (meth)acrylate and iscbornyl (meth)acrylate, hydroxyalkyl
(meth)acrylates, such as hydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate and hydroxybutyl (meth)acrylate, ethylene
oxide-modified hydroxy {meth)acrylate, lactone-modified hydroxy

(meth)acrylate, acrylic acid, and methacrylic acid.



[0055] _.On thg surface of the resinmold fornanoimprinting of the present invention, silicone-based
units or fmgﬁaéjbased units derived from the macrpmonomer are locally present, and therefore, the
resin mold 5 has good releasability from the master mold and has an advantage that it does no
damage to the master mold when released. [0056] The pitch of repeating units of the surface
shape that is transferred to the resin layer from the master mold as above is usually 10 in the range of
10 to 500Qfn»amY. According to the present invention, the shape of the surface of the master mold
having such surface shape repeating units as above can be efficiently transferred. [0057] The resin

mold for nanoimptipting efthemrasent iventionsigskhisnitabledeor faminga: patietrhaving: for
example, line/space of 50 to 500 nm, frequency of 100 to 10000 nm and a transfer area of 1.0 to
0.25x106,mm%- {0988} &dthough there is no specific limitation on the concrete shapes 200f
depressions and protrusions foiJiLed on the resin mold for nanoimprintingof the present invention,

there canbementigngdyatious-shapes Stich-as:liney cRIBARL aoNelthcore andgnicrorens. [0059]
SF-2377
5 olefins of 2to 20 carbon atoms, such as ethylene, propylene and hexane,
and cycloolefins.

Examples of the epoxy-based monomers include glycidyl
methacrylate and 4-hydroxybutyl acrylate glycidyl ether.

Examples of the polycarbonate-based resin-forming monomers

10 include a combination of bisphenol and diphenyl carbeonate or phosgene.
[0046]

Inthepresent invention, themacromonomer and thepolymerizable
monomer are used in such amounts that the welght ratic between them
is in the range of 1to 49:99 to 51 (part(s) by weight). If the amount

15 of the macromoncmer copolymerized deviates from the above range and
istoosmall, the resinmolddoesnotexhibit sufficient releaseaction,
or the shape of the resin mold is brcken. On the other hand, if the
amount ¢f the macromonomer polymerized deviates from the above range
and is too large, the resulting resin becomes opaque, and a transparent

20 resin layer cannot be obtained.

[0047]

Althoughtheweight-averagemolecularweight of theresin, which

is obtained as above and is used for forming a resin layer, has only

to be such a welght-average molecular weight as to be able to form



22 invention formed as above, the side chains of the macromonomer are present so that the contact
angle befifeer the resin mold surface and pure water may become not less than 100 degrees,
preferably not less than 105 degrees. That is to ga%/ it is thought that when the resin 5 layer is brought
into contact with a master mold to transfer the depressions and protrusions having been formed on the
master mold, the silicone units or the fluorine-containing units derived from the side chains of the

macromonqmgr, arg pressed-against the suface of fhe resingnald Ry appication of pressure. On this

account, by virtue 10 of the contact with the master mold, the proportion of the silicone units or the
fluorine-containing, ypitg tends ¥, bgjpcreased on the surface of the resin mold of the present
invention, and the resin mold for nanoimprinting of the present invention comes to have good release
propertie%@ggqoml After the resin mold for nanoimprinting of the present invention is produced by
bringing a laminate consisting of the substrate 4 and the resin layer 3 into contact with the master mold

fo transer the depyession's anARigiusions & JAAle 1 which afEsin BSUCAS BAPMMA i

laminated on a substrate 6 Is brought into contact with the resin mold for nanoimprinting produced as

aboye under.heating at.a tmperatiue pinot Jower thandhg glass iransition tepmperatyfe: ¢Lg) to

trangfer the cjfepressmns and protrusions of the resin mold for nanoimprinting to the resin 5, as shown

"‘Fg'25&&5?59%3;Sggéglggggomonomer form linear side chains on the trunk

polymer. It is preferable that the silicone units or the
fluorine-containing units that constitute the macromonomer form a
chain structure.

10 [0049]

Such a resin is dissolved in an organic solvent such as toluene
or xvlene, so that a thin film of a uniform thickness is formed. Foxr
forming the thin £ilm, usual thin film-forming technique such as spin
coating or blade coating can be used.

15 [0050]

The thickness of the resin layér thus formed is usually 50 nm
to 30 um, preferably 500 nm to 10 pm. When the thickness of the resin
layer is in the above range, the resin layer has such strength as
to withstand stamping, has high smoothness and is easy to handle.

20 In the case where depressions and protrusions are formed on the resin
layer, the thickness of the resin layer means a distance y between
the bottom surface of the resin layer and the highest surface of the
surfaces of the depressions and protrusicns, as shown in Fig. 1.

[0051]



235is coolecé, tl,? resin 5 is released from the resin mold for nanoimprinting, whereby the
depressio‘oﬁ-b & L?sion shape having been formed,gn the mold can be transferred onto the resin 5. This
embodiment is an embodiment of thermal transfer, but in the present invention, 5 photo-curing transfer
using a photo-curable resin as the resin 5 can be also carried out in addition to the thermal transfer.
[0061] As an embodiment of use of the resin mold for nanoimprinting  of the present invention, use

of the resin moldAgr pangimpidating 1L0/as a sollertypedesinsmeld tordnprinting ecambeimeationed.
[0062] When the resin mold for nanoimprinting of the present invention is used as the roller type

resin molg-for impriating, the eesin MmeldfetdRPepting-s wepndiaund.artetiep on the dkednsuch a
manner 15 that the depression-protrusion surface faces outside, to form a transfer roll, as shown in
Fig. 6. [0G63L . As the roller type resin mold for imprinting, a two-layer mold having a thickness of
30 to 300 pm and having a flexible constitution 20is preferable. [0064] Between the roll on which
the resin meldfor nanoimprinting has been arranged and another usual roll, a resin sheet OT resin film
made of a photo-curable resin is passed, and light irradiation is SF-2377 24

5 Subsequently, a master mold is brought into contact with the
surface of the resin layer, then the resin layer is heated to a
temperature of not lower than the glass ﬁransition.temperature {Tqg)
of the resin layer—-forming resin, then thereto is applied usually
a pressure of 2 to 50 MPa, preferably 5 to 30 MPa, and the pressure

10  is held usually for 1 to 10 minutes, whereby the fine depressions
and protrusions having been formed on the surface of the master mold
are transferred to the resin layer. After cooling, the resin layer
is released from the master mold, whereby the resin mold for
nancimprinting of the present invention can be formed.

15 [0053]

When the thickness of the resin layer is designated by y and
the height of the protrusion formed on the resin layer 1s designated
by ® in the resin mold for nancimprinting of the present invention
thus formed, the resin mold preferably satisfies a relationship

20  represented by the following formula {I).

[0054]
Yy = Nx¥ (I)
Inthe formula (I}, nisavalueranging froml tol5, preferably

a value ranging from 1 to 10.



carried out with applying pressure, whereby depressions and protrusions of the resin mold for
imprintingggr_eztﬁ sferred and fixed onto the surf of the resin sheet or the resin film. [0065] 5In this
method, the resin sheet or the resin film is irradiaa%ed with photo-curing rays (energy rays, such as
visible rays, ultraviolet rays and X-rays) through the res in mold for nanoimprinting. Therefore, the
resin mold for nanoimprinting is desired to have light transmission properties, and its light
transmittange; gt 365 nm is preferably not 10less than 75%. By arranging the resin mold for
nanoimprinting of the present invention on a roll and using a photo-curable resin as above,

nanoimprinting cap bgcarTied eutgontinuausly {0066115Qn the surface qf Hre:resin-mald for

nanoimprinting of the present invention, silicone-based units or fluorine-based units derived from the

macromonomerarepresent. Jherefore safter the.depression-protruision shapeds transfergd using the
resin mold, release of a substance with the transferred shape from the resin mold 20 is easy, and

breakage.efthe, ransisirad depressionsprafrusionshape dees-potacour, Inthesesimmeldfor

nanoimprinting of the present invention, the resin layer is formed by the use of a specific

macsom%lgéq_%&o%ﬁge%gé Qutermost surfage. units of-the yaacromonomer.havingfelease properties

are present. Therefore, the resin mold SF-2377 25 of the present invention has a constitution entirely

different fromthat of a conventional resin.mald.in which am oxids layer is,formed on a surface of a
resin layer and a release agent layer is further formed on a surface of the oxide layer.
[0056]
The pitch of repeating units of the surface shape that is
transferred to the resin layer fromthemaster mold as above isusually
10  in the range of 10 to 30000 nm. According to the present invention,
the shape of the surface of the master meld having such surface shape
repeating units as above can be efficiently transferred.
[0057]
The resin mold for nanoimprinting of the present invention is
15 suitable for forming a pattern having, for example, line/space of
50 to 500 mm, freguency of 100 to 10000 nm and & transfer areé of
1.0 to 0.25x10° mm?.
[0058]
Although there is no specific limitation on the concrete shapes
20 of depressions and protrusions formed on the resin mold for
nanoimprintingof thepresent invention, therecanbementionedvarious
shapes, such as line, column, monolith, cone and micro-lens.
[0059]

On the surfaceof theresinmold fornancimprintingof thepresent



Thus, theSr;s'

Id of the present invention does not need formation of an oxide layer and formation

of a release dgent layer on an oxide layer, and henge, the resin mold can be produced very
inexpensively and eas y- 10 Examples [0067] he present invention is described in more detail
with reference to the following examples, but t should be construed that the present invention is in no
way limited to those examples. 15[0068] Measurements of various properties in the present
inventioniwetenearsiedroutby the falowing methedse<Meight-average matecttamnwaightaviw>
Weight-average molecular weight was measured by gel permeation 20 chromatography (apparatus:
HLC-822p&RGC manufasturedhy Jasoh-Catparatiay selvent Hetrahydrofwan LHEYendrdetermined
in terms of standard polystyrene. [0069] <Thickness of resin layer> SF-2377 26 A distance
between the baotiore sutface of the resin layer and thedrghestsudacerefitbestriaces afdepressions

and protrusions of the pattern was taken as a thickness of the resin layer. [0070]

10

15

20

than 105 degrees. That is to say, it is thought that when the resin
layer is brought into contact with a master meold to transfer the
depressions and protrusions having been formed on the master mold,
the silicone units or the fluorine-containing units derived from the
side chains of the macromonomer are pressed against the surface of
the resinmold by application of pressure. Onthis account, by virtue
of the contact with the master mold, the propertion of the silicone
units or the fluorine-containing units tends to be increased on the
surface of the resin mold of the present invention, and the resin
mold for nanoimprinting of the present invention comes to have good
release properties.
(00607

Afterthe resinmold for nanoimprintingof the present invention
is produced by bringing a laminate consisting of the substrate 4 and
the resin layer 3 into contact with the master mold to transfer the
depressions and protrusions, a laminate in which a resin 5 such as
PMMA is laminated on a substrate 6 is brought into contact with the
resin mold for nancimprinting produced as above under heating at a
temperature of not lower than the glass transition temperature (Tg)
to transfer the depressions and protrusions of the resin mold for

nanoimprinting to the resin 5, as shown in Fig. 2. After the resin



<Contact angle of resin layer surface to pure water>
pl was alldWwet’td stand still on a sample surface,
atmosphere using KYOWA CONTACT-ANGLE ER CA-D model manufactured by Kyowa
Interface Science Co., Ltd. The measuring 10 conditions were in accordance with JIS R3257.
percentage change was determined by the formula: (contact angle of release agent layer before

nanoimprinting --entast angle of telease agent layaraftennanaimprining) ceptactapgleofrelease

An extremely small water droplet of about 1
d the contact angle was measured in the

The

agent layer before nanoimprinting x 100 (%). 15[0071] <Surface shape (pattern)> Frequency and line

width We&?aﬁ@k&{?ﬁ%xr%ﬁ'\&&é- smanulactuted by.Hitaghi HighrTechpelegies{corparation), and

depth

(height

was evaluated by AFM (L-trace manufactured by Sl Nano 20Technology Inc.).

[0072] <Nangimprnting resulis . Magra evaluation: Jhe rapsfer surfage;foungd onrthecresin on

which nanoimprinting had been performed was observed by an optical SF-2377 27

10

15

20

is an emboediment of thermal transfer, but in the present invention,
ohoto~curing transfer using a photo-curable resin as the resin 5 can
be alsoc carried cut in addition tc the thermal transfer.

[0061]

As an embodiment of use of the resin mold for nancimprinting
of the present invention, use of the resin mold for nanoimprinting
as a roller type resin mold for imprinting can be mentioned.
[0062]

When the resinmold for nanoimprinting of the present invention
is used as the roller type resin mold for imprinting, the resin mold
for imprinting is wound round a roller or the like in such a manner
that the depression-protrusion surface faces outside, to form a
transfer roll, as shown in Fig. 6.

[0063]

As the roller type resinmold for imprinting, a two-layer mcld
having a thickness of 30 to 300 pm and having a flexible constitution
is preferable.

[0064]

Retween the roll on which the resin mold for nanoimprinting

has been arranged and another usual roll, a resin sheet or resin film

made of a photo-curable resin is passed, and light irradiation is



microscope (ELIPSE LV100 manufactured by Nikon Corporation) at 20 magnifications, and whether
transfer of7&$in 14 the mold had occurred was asg rtained. AA: Transfer of resin did not occur. BB:
Transfer of resin occurred. SEM (frequency): ?he frequency of the pattern formed on the resin on
which nanoimprinting had been performed was measured by SEM, and a change based on the SEM
measurement result of the pattern formed on the surface of the mold for nanoimprinting was judged

and evalyated; 10; by, the following-ariteria. AvisEhe-degres-otehangde is lasscthanaHinm. BB: The
degree of change is not less than 10 nm. AFM (depth): The depth of the pattern formed on the

resin on which-nancimpsinting had been pedermag-wasmeassred by AfMraad arlkbchange based on

the AFM measurement result of the pattern formed on the surface of the mold for nanoimprinting was

judged apd eyaluated. byrthefollewing criteria, AA-The degree of changeiisdess than 10 run. BB: The
degree of change is not less than 10 nm. 20[0073] [Example 1] (1) Preparation of resin In a flask

equippedw@;@@j stirring device, a nitrogen gas introducing pipe, a thermometer and a reflux
condenser, 80 parts by

5 In +his methed, the resin sheet or the resin film is irradiated
with photo-curing rays (energy rays, suchas visible rays, ultraviolet
rays and X-rays) throughthe resinmold for nanoimprinting. Therefcre,
the resinmold fornanoimprinting is desiredtohave light transmission
properties, and its light transmittance at 365 nm is preferably not

10 less than 75%.

By arranging the resin mold for nancimprinting of the present
invention on a roll and using a photo-curable resin as above,
nanoimprinting can be carried out continucusly.

[0066]

15 Onthesurfaceoftheresinmold fornancoinmprintingef thepresent
invention, silicone~based units or £luorine-based units derived from
the macromonomer are present. Therefore, after the
depression-protrusion shape is transferred using the resin mold,
release of a substance with the transferred shape from the resin mold

20 is easy, and breakage of the transferred depression-protrusion shape
does not occur. In the resin mold for nancoimprinting of the present
invention, the resin layer is formed by the use of a specific
macromonomeyr, and on its outermost surface, units of the macromonomer

having release properties are present. Therefore, the resin mold



SF-2377 ég y\éeég,h/t of methyl methacrylate (trade name : Light Ester M, manufactured by Kyoeisha
Chemical™Co.; Ltd.), 20 parts by weight of a silicogg macromer F14-0711 (molecular weight: 1000)
(trade name: Silaplane FM-0711, manufactured by Chisso Corporation) and 100 parts by weight 5 of
toluene were placed. This silicone macromer FM-0711 is a monofunctional silicone-based
macromonomer having a methyl methacrylate group at one end of molecule, and has a constitution in

which a large-aunmhessef-silicane-hased vags:frophthe end methy metbaenilate greupsmrerbonded
through siloxane bonds. 10[0074] Thereatter, the contents in the flask were heated to 80C while

introducingnaitregen gas-inte theflask at & rate-af0 ZliterAain. Ihesk 05 parbyweightefgdimethyl-2, 2'
-azobis (2-methyl propionate)(trade name: V-601, manufactured by Wako Pure Chemical Industries,

15 Ltd.) was addedas-andmitiates and the,eententsvete maintainged at 89¢=for 8 Ochounser  After
the lapse of 8 hours, introduction of nitrogen gas was stopped, and 100 parts by weight of toluene

were added:t9dewer, the terpperature of the gantents swhereby the reaction was completed to 20
obtain a resin for a resin mold. The resulting resin had a weight-average molecular weight (Mw),

as measured by gel permeation.chromatographyyof 83.000, {0075k (2):Fermatian of regindayer
SF-2377 29 The resin prepared in the step (1) was diluted to 10 times with toluene, applied onto

a PET filra{irade name« Lmilghme manufactued-byToray Industies, Jag . thickngss: 9,425 mm) that
became a substrate by spin coating and dried by the use of a hot plate at 130C for 15

on an cxide layer, and hence, the resin mold can be produced very

inexpensively and easily.

10 Examples
[0067]

The present inventionisdescribed inmore detalil with reference
to the fellowing examples, but it should be construed that the present
invention is in no way limited to those examples.

15 [00e8]

Measurements of various properties in the present invention
were carried out by the folliowing methods.

<Weight-average molecular weight Mw>

Weilght-average molecular weight was measured by gel permeation

20 chromatography (apparatus: HLC~8220GPC manufactured by Tosoh
Corporation, solvent: tetrahydrofuran (THF)) and determined in terms
of standard polystyrene.

[0069]

<Thickness of resin layer>



5 minutes to form a resin layer having a thickness of 1.2 pm. A visible light (wavelength: 365 mu)
transmittatice“of the resin-coated PET film was measured (measuring equipment: ultraviolet visible
spectrophotometer V-670, manufactured by JASGH Corporation) . [0076] 10(3) Formation of pattern
on resin layer surface The laminate of the film substrate and the resin layer was heated to 140C
using ST-50 manufactured by Toshiba Machine Co., Ltd., then a master mold (quartz mold having

been subjected t,release lrealment, Lansier suFacs; 576.#amI2, 450 b(S (line and; space), drequency:

300 15 nn, depth: 150 nm) was brought into contact with the resin layer surface, and thermal

nanoimprinting, was carried out.at 140G, dnthisthermal panoimprinting ;the pressure of g pressing

machine was set’at 20 MPa, and the holding time was set to 5 minutes. (0077] 20Subsequently, the

laminate was,goled f0 89C. and the master mold, was removed 1o, obtain 4 resig mold for

nanoimprinting, having a resin layer on one side surface of which a pattern (transfer surface: 576
‘rarn2, 15 M%Oﬁrequency: 300 mu, depth: 150 urn) had been formed. The surface shape of the
resulting resin mold for nanoimprinting SF-2377 30 was observed by the use of SEM (5-4800,

s o SO serloges Commaton). seg s SO Ug) e suace have

An extremely small water droplet of about 1 ul was allowed to
stand still on a sample surface, and the contact angle was measured
in the atmosphere using KYOWA CONTACT-ANGLE METER CA-D model
manufactured by Kyowa Interface Science Co., Ltd. The measuring

10 conditions were in accordance with JIS R3257.

The percentage change was determined by the formula: (contact
angle of release agent layer before nanoimprinting - contact angle
of release agent layer after nanoimprinting) + centact angle of release
agent layer before nancimprinting x 100 (%).

15 [0071]

<Surface shape (pattern)>

Freguency and line width were evaluated by SEM (5-4800
manufactured by Hitachi High-Technolegies Corporation), and depth
(height} was evaluated by AFM (L-trace manufactured by $SII Nano

20  Techneclogy Inc.).
[0072]
<Nangimprinting results>

Macro evaluation: The transfer surface formed on the resin on

which nanoimprinting had been performed was cobserved by an optical



5 mold for nanoimprinting to pure water was measured by the use of KYOWA
CONTACTF-ANGIEMETERCA-DmodelmanufactyredbyKyowa Interface science Co., Ltd., and as a
result, the contact angle was 110 degrees. Meas%?eement of the contact angle to pure water was
carried out as follows: an extremely small water droplet of about 1 microliter was 10 allowed to stand
still on a sample surface, and the contact angle was measured in the atmosphere. [0078] (4)

Nanoimprinting Using resinypeld for: panaimprinting,Qa-ths. resin mold decpaneirprinint formed as
above, 0.2 ml 15 of a photo-curable resin (trade name: PAK-02, manufactured by Toyo Gosei Co.,

Ltd.) was drapped. then apolycarhonate film {tiade pame. Lexan, maoufaciused by Asahi Glass Co.,

Ltd., thicknéss: 0.18 mm) was allowed to stand still thereon, and while pressing down the
polycarbonate.film.at a pregsure of 1.0 MPa, irradiation with 20 ultraviolet light of 10 mW/cm2 was
carried out for 2 seconds using a photo nanoimprinting apparatus (manufactured by Engineering

System Co., Ltd.).. rpuchanoperafign as ahovewas taken.as one shot, andthe operation was

repeated 20 shots. SF-2377 31 Thereafter, the resin mold for nanoimprinting was removed. [0079]

Presence or abs%%qe 9} L%%tf‘ s&xfhr%_ssga{lli%ggrq_fetgg resin layer from the thus removed resin mold

for nanoimprinting after the 5 nanoimprinting was observed visually and by the use of an optical

mioroscope (macta,evelyation, rade name:ELIPSELY100. manuiaetued tubijken Gorppistion), and

further, the contact angle was also’'measured. Moreover, the surface shape of the resin on which

nano"npggg%%cxzwhichnanoimprimtingmeibeenperformedwasH@asupaibySEM,
and a change based on the SEM measurement result of the pattern formed
on the surface of the mold for nanoimprinting was judged and evaluated
10 Dby the following criteria.
AA: The degree of change is less than 10 nm.
BR: The degree of change 1s not less than 10 nm.
AFM (depth): The depth of the pattern formed on the resin on
which nanoimprinting had been performed was measured by AFM, and a
15 change based on the AFM measurement result of the pattern formed on
the surface of the mold for nanoimprinting was judged and evaluated
by the following criteria.
AA: The degree of change is less than 10 nm.
BB: The degree of change is not less than 10 nm.
20 [0073]
[Example 1]
(1) Preparation of resin
In a flask equipped with & stirring device, a nitrogen gas

introducing pipe, a thermometer and a reflux condenser, 80 parts by



10 had been performed was observed by means of SEM and AFM, and as a result, a pattern having a
line width°ét i, frequency of 298 nm and a depth of 148 nm was confirmed. The results are set
forth as nanoimprinting results in Table 15[0080] f@xample 2] A resin mold for nanoimprinting was
prepared in the same manner as in Example 1, except that 99 parts by weight of methyl methacrylate
and 1 part by weight of a silicone macromer F14-0711 (molecular weight: 20 1000) were used instead

of 80 parwe%w@@mn%ftm@a/é{a%@%w@ and.20 parts byweight of a silicopemacromet f14-0711

(molecularweight: 1000) in the step (I) of Example 1. Using the resulting resin mold for

nanoimpEinfing, continbous phtgnappimprining 0b20 shots was cartigd-oytdnthe samegmanner

SF-2377 3% as in Example 1. The resulting resin mold for nanoimprinting and the nanoimprinting

results arg.set Iauh inyfgpje 1. E%%%.@c%@@%%}lg ; 2dbiesh faldornanorpiiofing.yuas prepared

in the same manner as in Exa ple 1, except that ts by weight of methyl methacrylate and 49

e o T B e e o
(mol%CUI%rfN%igﬂEé%govqge_Q:r]et%e_Lgtce&d(.l) %%a@ﬁéone macromer FM-0711 is a
monofunctional silicone~based macromenomer having a methyl
methacrylate group at one end of molecule, and has a constitutiocon
in which a large number of siliccne-based units from the end methyl
methacrylate groups are pbonded through siloxane bonds.
16 [0074]

Thereafter, the contents in the flask were heated to 80°C while
introducing nitrogen gas into the flask at a rate of 0.3 liter/min.
Then, 0.5partbyweight of dimethyl-2,2"-azobis {Z-methyl propicnate)
(trade name: V-6C1, manufactured by Wako Pure Chemical Industries,

15 Ltd.) was added as an initiator, and the contents were maintained
at 80°C for 8.0 hours.

After the lapse of 8 hours, introduction of nitrogen gas was
stopped, and 100 parts by weight of toluene were added to lower the
temperature of the contents, whereby the reaction was completed to

20 obtain a resin for a resin mold.

The resulting resinhad a welght-average molecular weight (Mw),
as measured by gel permeation chromatography, of 83,000.

[G075]

(2) Formation of resgin layer



Using the resultin7g resin mold for nanoimprinting, continuous photo nanoimprinting of 20 shots was
carried ot in“thé same manner as in Example 1. 15The resulting resin mold for nanoimprinting and
the nanoimprinting results are set forth in Table I.70082] [Comparative Example 1] A resin mold for
nanoimprinting was prepared in the same manner 20 as in Example 1, except that 99.1 parts by
weight of methyl methacrylate and 0.9 part by weight of a silicone macromer 814-0711 (molecular

weight : 1000) wete-Used instead of BO:partseby wqight pfmethylimethaerylateind: 20.patts by weight
of a silicone macromer 811-0711 (molecular weight: 1000) in the step (1) of Example 1. SF-2377 33

The resulting .tesin mpidhfor naneimprinting and the AanciMRENtng eSS afe settarthiin.Fable 1.
[0083] [Comparative Example 2] 5A resin mold for nanoimprinting was intended to be prepared in the

same manner, as. i Example ds exeent that aQ.pasts:hy weightofnethykmetbaceylpte-and S0 parts by
weight of a silicone macromer FM-0711 (molecular weight: 1000) were used instead of 80 parts by

weight of ety methacnyate, anci 20.pess M weigly ofa siicane 10pagtomes RMAZLL (molecular
weight: 1000) in the step (I) of Example 1. However, the resin became opaque and the light
transmittanee was lowersd,sq thataresin apld, fr:phpte nanpimpeiating could neh be prepared.
A visibkble light (wavelength: 365 nm) transmittance of the
resin-coated PET filmwas measured (measuring equipment: ultraviclet
visible spectrophotometer V-670, manufactured by JASCO Corporation) .
[0076]
10 (3) Formation of pattern on resin layer surface
The laminate of the film substrate and the resin layer was heated
to 140°C using ST-50 manufactured by Toshiba Machine Co., Ltd., then
amastermold (gquartzmeldhaving been subjected to release treatment,
transfer surface: 576 mm?, 150 L/S (line and space), frequency: 300
15 nm, depth: 150 nm) wasbrought intccontactwiththeresinlayer surface,
and thermal nanoimprinting was carried out at 140°C. In this thermal
nanoimprinting, the pressure of a pressing machine was set at 20 MPa,
and the holding time was set to b minutes.
[0077]
20 Subsequently, the laminate was cocled to 80°C, and the master
mold was removed to obtain a resin mold for nancimprinting, having
a resin layer on one side surface of which a pattern (transfer surface:

576 mm?, 150 L/S, freguency: 300 nm, depth: 150 nm) had been formed.

The surface shape of the resulting resinmold for nanoimprinting



The resul#%g%ggt forth in Table 1. SF-2377 35 [0085] In table 1, "-" of Comparative Example 2
indicates that because of opacity, preparation of g(gesin mold itself was not carried out. [0086]
5[Example 4] A resin mold for nanoimprinting was prepared in the same manner as in Example 1,
except that 20 parts by weight of a silicone rmacromer F14-0721 (molecular weight: 5000, trade name:
Silaplane E14-0721, manufactured by Chisso Corporation) were used instead of 20 parts 10 by weight
of a silicomgsmalssemes 81450 7k (moleautasweighi=-1000) inthe stept(l}ef BExarmplesthThis silicone
macromer F14-0721 is a monofunctional silicone-based macromonomer having a methyl methacrylate

group at gngencefmelecule sanekhas arconstifution in which-adargensumber ehsiliconeabased units
from the end methyl 15 methacrylate groups are bonded by siloxane bonds. Using the resulting

resin mold-gr AangimprntiRg.ccantintious pheternaraiiprinting of 20 shots was carried out in the
same manner as in Example 1. The resulting resin mold for nanoimprinting and the 20
nanoimprinting resuitsrare, sehforbrinkable 21 {098 AHEXaMPle-8lc f the resulting resin
5 mold for nancimprinting to pure water was measured by the use of KYCWA
CONTACT-ANGLEMETER CA-Dmodel manufacturedby Kyowa Interface science
Co., Ltd., and as a result, the contact angle was 110 degrees.
Measurement ¢f the contact angle to pure water was carried out as
follows: an extremely small water droplet of about 1 microliter was
10 allowed to stand still on a sample surface, and the contact angle
was measured in the atmosphere.
[0078]
{4} Nancimprinting using resin mold for nanoimprinting
On the resin mold for nancimprinint formed as above, 0.2 ml
15 of a photo~curable resin (trade name: PAK-0Z, manufactured by Toyo
Gosel Co., Ltd.) was dropped, then a polycarbonate £ilm (trade name:
Lexan, manufactured by Asahi Glass Co., Ltd., thickness: 0.18 mm)
was allowed to stand still thereon, and while pressing down the
polycarbonate film at a pressure of 1.0 MPa, irradiation with
20  ultraviolet light of 10 mil/cm? was carried out for 2 seconds using
a photo nanoimprinting apparatus (manufactured by Engineering System
Co., Ltd.).

Suchanoperationasabovewas takenasone shot, andtheoperation

was repeated 20 shots.



A resin mold for.nanoimprinting was prepared in the same manner as in Example 1, except that 20
parts by \ﬁgif;%%?aa silicone macromer SF-2377 36 FM-0725 (molecular weight: 10000, trade name:
Silaplane 814-0725, manufactured by Chisso Corporation) were used instead of 20 parts by weight of
a silicone macromer 811-0711 (molecular weight: 1000) in the step (1) of Example 1. This silicone
macromer 814-0725 is a 5 monofunctional silicone-based macromonomer having a methyl

methacrylate groupesatone-erd of meolesule; anibias arconstitutign-inwhich adargesmamber of
silicone-based units from the end methyl methacrylate groups are bonded by siloxane bonds.

Using the;rgsudting resin mold for nanoimprinting, continuous 10 photo nanoimprinting of 20 shots was
carried out in the same manner as in Example 1. The resulting resin mold for nanoimprinting and

the nanoimprinting-resulis.are-set derth dncFable 2-{Q088L A S Example-Bl-o f £ Afesir meld for
nanoimprinting was prepared in the same manner as in Example 1, except that 20 parts by weight of a

silicone magromer-EM- 171 L fmoleeulatweight 1,000; frade-name; sSitaplane 81 4r7vd 1, mranufactured

by Chisso Corporation) were used instead of 20 parts 20 by weight of a silicone macromer 811-0711

(moleculayweight:-1000).in the-stepdd)- oL Examplel Thissiligone,macremear 517/l ldsa

bifunctional silicone-base  macromonomer having methyl me_thacrylate groups at both ends of
molecule,apnd has.a constitution inwhich 4 lakge aumBber of silicene hased units, fram:thee4

endmethylmethacrylate SF-2377 37 groups are bonded by siloxane bonds.
by Nikon Corporation), and further, the contact angle was also
measured.
Moreover, the surface shape of the resinonwhichnanoimprinting
10 had been performed was observed by means of SEM and AFM, and as a
result, a pattern having a line width of 148 nm, freguency of 298

nm and a depth of 148 nm was confirmed.

The results are set forth as nanoimprinting results in Table

p--4

15 (00807

[Example 2]

A resinmold for nanoimprinting was prepared in the same manner
as in Example 1, except that 9% parts by weight of methyl methacrylate
and 1 part by weight of a silicone macromer FM~0711 (molecular weight:

20  1000) were used instead of 80 parts by weight of methyl methacrylate
and 20 partsbyweight of a siliconemacromer FM-0711 (mclecularweight:
1000} in the step (1) of Example 1.

Using the resulting resin mold for nancimprinting, continuous

photo nanoimprinting of 20 shots was carried out in the same manner



Using the_resulting resin mold for nanoimprinting, continuous photo nanoimprinting of 20 shots was
carried outiniHe 2ame manner as in Example 1. 5The resulting resin mold for nanoimprinting and the
nanoimprinting results are set forth in Table 2. [0089] [Example 7] A resin mold for nanoimprinting was
prepared in the same manner 10 as in Example 1, except that 20 parts by weight of a fluorine-based
macromer (prepared by the process described in Example 1 of National Publication of International
Patent Ng.s1999-003188: malecular weight: 8000) were used instead of 20 parts by weight of a
silicone macromer FM-0711 (molecular weight: 1000) in the step (1) of Example 151. [0090] That

is to say, in a roundflask-0fi250.41-24:18 gof copypercially availakledydraxyprapyl-terniinated
polydimethylsiloxane having a molecular weight of 947 and 10.76 g of distilled trimethyl 20

hexamethylgne giispryanate-were placed. Thermpdure, was vigenausly shaken for several minutes, and
then 0.04 g of dibutyltin dilaurate was added. Next, the mixture was further shaken for 5 minutes and

then stirreg f@r;gne night. During first one hour, mild exotherm was observed. Next, to this
reactionmixture, 103 . 30 g of commercially SF-2377 38 available PFPE having a molecular weight of
abouf 2,000 (hydr@gya{ﬁ{lgﬂée:ﬁam) and 0.10 g of dibutyltin dilaurate were added. The mixture was
vigorously shaken for several minutes again, and then the mixture was stirred for one night. An

infrared spectrum, was 5.measyired. and disanpearance otanisocyanate peakuasconfimped. Next, to

this mixture, 7.92 g of isocyanatoethylmethacrylate having been just distilled was added. The flask was

vigorously shakeq, apd ihen dhe mixiure was stirtad.for,ope pight, An infrafed spectiug was measured
again, and disappearance of an inocyanate peak was confirmed.
and 49partsbyweight of asiliconemacromer FM-0711 (molecularweight:
1000) were used instead of 80 parts by weight of methyl methacrylate
10 and20partsbyweightofasiliconemacromer FM-0711 (molecularweight:
1000) in the step (1) of Example 1.
Using the resulting resin mold for nancimprinting, continuous
photo nanoimprinting of 20 shots was carried out in the same manner
as in Example 1.
15 The resulting resin mold for nanoimprinting and the
nanoimprinting results are set forth in Table 1.
[0682]
[Comparative Example 1]
A resinmold for nanoimprinting was prepared in the same manner
20 asinExamplel, except that 98.1partsbywelight of methylmethacrylate
and 0.9%partbyweight of asiliconemacromer FM~-0711 {molecularweight:
1000) were used instead of 80 parts by welght of methyl methacrylate

and 20 partsbywelght of asiliconemacromer FM~0711 (molecularweight:

1000 in the step (1) of Example 1.



10 The resulting viscous liquid had a structure represented by the following formula (1V). [0091]
[Chem. 2?%5’% 52] Using the resulting resinjmold for nanoimprinting, continuous photo
nanoimprinting of 20 shots was carried out in the Same manner as in Example 1. The resulting
resin mold for nanoimprinting and the 20 nanoimprinting results are set forth in Table 2. [0093]
[Comparative Example 3] SF-2377 39 as in Example 1, except that 20 parts by weight of reactive
silicone FM-07011(maolegular weightA23, tradeiname::Sitaplape EM-019 lamsanufactured by Chisso
Corporation) were used instead of 20 parts by weight of a silicone macromer FM-0711 (molecular

weight: 1000} 5+ the step (bel.Example 1sdhisteadliversilicone:FM-0701 is a monofunctional
reactive silicone monomer having a methyl methacrylate group at one end of molecule, and has a
constitutipndr which a large number of silicone-based units from the end methyl methacrvlate groups
are bonded by siloxane bonds. This FM-0701 has a molecular weight 10 of 423 and is not a
macromonomer. [cqH2e-Lesuiting resipimotg for nanoimprinting and the nanoimprinting results are
set forth in Table 2.

5 A resin mold for nancimprinting was intended fTo be prepared
in the same manner as in Example 1, except that 50 parts by weight
of methyl methacrylate and 50 parts by weight of a silicone macromer
FM-0711 (molecular weight: 1000) were used instead of 80 parts by
welght of methyl methacrylate and 20 parts by weight of a silicone

10  macromer FM—0711 (molecular weight: 1000} in the step {1) of Example
1. - However, the resin became opaque and the light transmittance was
lowered, go that a resin mold feor photo nancimprinting could not be
preparead.

The results are set forth in Table 1.



[0094] [Comparative Example 4] 15A resin mold for imprinting was prepared in the same manner as in
Example 1, except that 20 parts by weight of a silicone macromer X-22-2426 (molecular weight:
12,000, trade name: Modified Silicone Oil X-22-2426, manufactured by Shin-Etsu Silicone Co., Ltd.)
were used instead of 20 parts by weight of a silicone macromer FM-0711 20 (molecular weight: 1000)

in the step (1) of Exampig r, thé moJe¢ular weight of the silicone macromonomer used
herein was too high, andl; IS @paque, 5o that the resulting resin mold could not be used as a
resin mold for photo impri estltidg resinimold foriimprinting is set forth in Table 2. SF-2377
40 [00951 [Comparative % = Alresin mold ffor nanoimprinting was prepared in the same
manner as in Example 1% 20 parts by weight of erfluorooctylethyl 5 methacrylate
(molecular weight: 523, fra _ight Ester FM-108, /manufactured by Kyoeisha Chemical Co.,
. M . .qs .
Ltd. ) were used instead @ y-Weeight ofi acsilicone. macromer FM-0711 (molecular weight:
1000) in the step (1) of Eé g petfluprogetytethyt methacrylate has a molecular weight of
532 and is not a macromo "hée Tesulting resin mold for nanoimprinting and the
nanoimprinting results are Tabter2:
o
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[0085]

In table 1, “-" of Comparative Example 2 indicates that because
of opacity, preparation of a resin mold itself was not carried out.
[0086]

[Example 4]

A resinmold for nancimprinting was prepared in the same manner
as in Example 1, except that 20 parts by weight of a silicone macromer
FM-0721 (molecular weight: 5000, trade name: Silaplane FM-0721,
manufactured by Chisso Corporation) were used instead of 20 parts
by weight of a silicone macromer FM-0711 (molecular weight: 1000)
in the step (1) of Example 1. This silicone macromer M-0721 is a
monofuncticonal silicone-based macrcmonomer having a methyl
methacrylate group at one end of molecule, and has a constitution
in which a large number of siliccene-based units from the end methyl
methacrylate groups are bonded by siloxane bonds.

Using the resulting resin mold for nanoimprinting, continuous
photo nancimprinting of 20 shots was carried out in the same manner
as in Example 1.

The resulting resin mold for nanoimprinting and the
nanoimprinting results are set forth in Table 2.

(00871
[Example 5]
A resinmold for nanoimprinting was prepared in the same manner

as in Example 1, except that 20 parts by weight of a silicone macromer
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FM-0725 (molecular weight: 10000, trade name: Silaplane FM-0725,
manufactured by Chisso Corporation) were used instead of 20 parts
by weight of a silicone macromer FM-0711 (molecular weight: 1000)
in the step (1)} of Example 1. This silicone macromer FM-0725 is a
monofunctional silicone-based macromonomer having a methyl
methacrylate group at one end of molecule, and has a constitution
in which a large number of silicone-based units from the end methyl
methacrylate groups are bonded by siloxane bonds.

Using the resulting resin mold for nanoimprinting, continuous
photo nancimprinting of 20 shots was carried out in the same manner
as in Example 1.

The resulting resin mold for nancimprinting and the
nanoimprinting results are set forth in Table 2.

(0088}

[Example 6]

A resinmold for nanoimprinting was prepared in the same manner
as in Example 1, except that 20 parts by weight of a silicone macromer
FM—-7711 (molecular weight: 1,000, trade name: Silaplane FM-7711,
manufactured by Chisso Corporation) were used instead of 20 parts
by weight of a silicone macromer FM-0711 (molecular weight: 1000)
in the step (1) of Example 1. This silicone macromer FM-7711 is a
bifunctional silicone-based macromonomer having methyl methacrylate
groups at both ends of molecule, and has a constitution in which a

large number of silicone-based units from the end methyl methacrylate
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groups are bonded by siloxane bonds.

Using the resulting resin mold for nanoimprinting, continuous
photo nancimprinting of 20 shots was carried out in the same manner
as in Example 1.

The resulting resin mold for nanoimprinting and the
nanoimprinting results are set forth in Table 2.

[0089]

[Example 7]

A resinmold for nanoimprinting was prepared in the same manner
as in Example 1, except that 20 parts by weight of a fluorine-based
macromer {prepared by the process described in Example 1 of National
Publication of International Patent No. 19%9-503183, molecular
weight: 8000) were used instead of 20 parts by weight cof a silicone
macromer FM-0711 (molecular weight: 1000) in the step {1) of Example
1.

[0080]

That istosay, inaround flaskof 250ml, 24.18 gof commercially
available hydroxypropyl-terminated polydimethylsiloxane having a
molecular weight of 947 and 10.76 g of distilled trimethyl
hexamethylene diisocyanate were placed. The mixture was vigorously
shaken for several minutes, and then 0.04 g of dibutyltin dilaurate
was added. Next, the mixture was further shaken for 5 minutes and
then stirred for one night. During first one hour, mild exotherm

was observed. Next, tothisreactionmixture, 103.30gof commercially
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available PFPE having a molecular weight of about 2,000 (hydroxyl
value: 55.40) and (.10 g of dibutyltin dilaurate were added. The
mixture was vigorously shaken for several minutes again, and then
the mixture was stirred for one night. An infrared spectrum was
measured, anddisappearance of anisocyanate peakwas confirmed. Next,
to this mixture, 7.92 g of isccyanateocethyl methacrylate having been
Just distilled was added. The flask was vigorously shaken, and then
the mixture was stirred for one night. An infrared spectrum was
measuredagain, anddisappearance ¢f an inocyanate peak was confirmed.
The resulting viscous liquid had a structure represented by the
followiﬁg formula (IV).
[C091]

[Chem. 2]
CHp=C{CH3}COO-Cplig-NHUG-PERE-CONH-A-NHCO-
OUHZCHCHy SICH-OSICH Il - DHEHCHOLONR-R. )
KHEOPFPECONH-Cot g OCO-CHT HawCHs
[C092]

Using the resulting resin mold for nanoimprinting, continuous
photo nancimprinting of 20 shots was carried cut in the same manner
as in Example 1.

The resulting resin mold for nancimprinting and the
naneimprinting results are set forth in Table 2.

[C093]
[Comparative Example 3]

A resinmold for nancimprinting was prepared in the same manner
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as in Example 1, except that 20 parts by weight of reactive silicone
FM-0701 (molecular welght: 4232, trade name: Silaplane FM-07CI,
manufactured by Chisso Corporation) were used instead of 20 parts
by weight of a silicone macromer FM-0711 (molecular welght: 1000)
in the step (1) of Example 1. This reactive silicone FM-0701 is a
menofunctional reactive siliconemonomer havingamethylmethacrylate
group at one end of molecule, and has a constitution in which a large
number of silicone-basedunits fromthe endmethyl methacrvlate groups
are bonded by siloxane bonds. This FM-0701 has a molecular weight
of 423 and is not a macromonomner.

The resulting resin mold for nanoimprinting and the
nanoimprinting results are set forth in Table 2.

[0094;

[Comparative Example 4]

A resin mold for imprinting was prepared in the same manner
as in Example 1, except that 20 parts by weight of a silicone macromer
X-22-2426 (molecular weight: 12,000, trade name: Modified Silicone
Oil X~22-2426, manufactured by Shin-Etsu Silicone Co., Ltd.) were
used instead of 20 parts by weight of a silicone macromer FM-0711
(molecular weight: 1000) in the step (1) of Example 1. However, the
molecular weight of the silicone macromonomer used herein was too
high, and the resin was opacgue, so that the resulting resinmold could
not be used as a resinmeld for photo imprinting. The resulting resin

mold for imprinting is set forth in Table Z.
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[0095]

[Comparative Example 5]

A resinmold for nancimprinting was prepared in the same manner
as in Example 1, except that 20 parts by weight of perflucrooctylethyl
methacrylate (molecular weight: 523, trade name: Light Ester FM-108,
manufactured by Kyceisha Chemical Co., Ltd.) were used instead of
20 parts by weight of a silicone macromer FM-0711 (molecular weight:
1000} in the step (1) of Example 1. This perfluocrococtylethyl
methacrylate has a molecular weight of 532 and is not a macromonomer.

The resulting resin mold for nancimprinting and the

nanoimprinting results are set forth in Table Z.
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[0087]
[Example 8]

A resinmold for nanoimprinting was prepared in the same manner
as in Example 1, except that 80 parts by weight of styrene (trade
name: Styrene Monomer, manufactured by Idemitsu Kosan Co., Ltd.) were
used instead of 80 parts by weight of methyl methacrylate in the step
(1) of Example 1.

Using the resulting resinmold for nanoimprinting, continuous
photo nancimprinting of 20 shots was carried out in the sams manner
2s in Example 1.

The resulting resin mold for nanoimprinting and the
nanoimprinting results are set forth in Table 3.

[0098]

[Example 9]

A resinmold for nanoimprinting was prepared in the same manner
asinExample 1, except that 8Cpartsbyweight of iscbornylmethacrylate
(trade name: Light Ester IB-X, manufactured by Kyceisha Chemical Co.,
Ltd.) were used instead of 80 parts by weight of methyl methacrylate
in the step (1} of Example 1.

Using the resulting resin mold for nanoimprinting, continuous
phote nancimprinting of 20 shots was carried out in the same manner
as in Example 1.

The resulting resin mold for nanoimprinting and the

nanoimprinting resulis are set forth in Table 3.



08 loz

10

15

20

SF9§399088 ZNE ZIT 00

43

r0099]

[Example 10]

A resinmold for nanoimprinting was prepared in the same manner
as in Example 1, except that 80 parts by welght of tert-butyl
methacrylate (trade name: Light Ester TB, manufactured by Kyoeisha
Chemical Co., Ltd.) were used instead of 80 parts by weight of methyl
methacrylate in the step (1) of Example 1.

Using the resulting resin meld for nanoimprinting, continuous
photo nanoimprinting of 20 shots was carried out in the same manner
as in Example 1.

The resulting resin mold for nanoimprinting and the
nanolimprinting results are set forth in Table 3.

[0100]

[Comparative Example 6]

A resin mold for nanoimprinting was prepared by carrying out
the following operations instead of the step (1) to the step (3} of
Example 1.

To 100 parts by weight of polydimethylenesiloxane (PDMS) {trade
name: SIM-260, manufactured by Shin-EtsuSiliconeCo., Ltd.), 10parts
by weight of a curing agent (trade name: CAT-260, manufactured by

Shin~-Etsu Silicone Co., Ltd.) were added, and the mixture was well

stirred. Thereafter, themixturewasdilutedto 10 timeswithtoluene,

then applied onto a PET film substrate by spin ceoating and dried at

130°C for 15 minutes by the use of a heat press to prepare a resin
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film having a film thickness of 1.3 um. This PDMS is a silicone resin
cured product and is not a silicone~based macromonomer.
[01011

The laminate of the filmsubstrate and the resin layer was heated
to 40°C using ST~50 manufactured by Toshiba Machine Co., Ltd., then
amastermold (quartzmoldhavingbeen subjected to release treatment,
transfer surface: 576 mm®, 150 L/8, frequency: 300 nm, depth: 150
nm) was brought into contact with the resin layer surface, and thermal
nanoimprinting was carried out at 40°C.

Subsequently, the £ilm substrate provided with the above shape
was cured by the use of a hot plate at 40°C for 12 hours and then
at 150°C for 30 minutes to prepare a resin mold for nancimprinting
(transfer surface: 576 mm*, 150 L/S, freguency: 300 nm, depth: 150
nm) .

Using the resulting resin mcld for nancimprinting,
nanoimprinting was cazried Out in the same manner as in the step (4)
of Example 1.

The resulting resin mold for nanoimprinting and the
nanoimprinting results are set forth in Table 3.

[0102]

[Comparative Example 7]

To 100 parts by weight of spin-on glass (S0G) (trade name:
LHG-NIL-01 main agent, manufactured by LEAP), 10 parts by weight of

a curing agent (trade name: LHG-NIL-01 curing agent, manufactured



Z9 OOO'C$ (K)/gg ?01 BT TN Master mold ad/Cl 'thickness UtuU Methyl methacrylate Silicone
macrome ]f; - :} 1 Silicone macromer 814-072145'3ilicone macromer 814-0725

by LEAF) were added, and the mixture was well stirred. Thereafter,
the mixture was applied onto a PET film substrate by spin coating
to form a resin film having a film thickness of 1.3 um.

This spin-on glass is ligquid glass capable of being used for

5 spin coating.

The laminate of the film substrate and the resin layer was heated
to 40°C using ST-50 manufactured by Toshiba Machine Co., Ltd., then
amaster mold (guartz mold having been subjected to release treatment,
transfer surface: 576 mm®, 150 L/S, freguency: 300 nm, depth: 150

10 nm) was brought into contact with the resin layer surface, and thermal
nanoimprinting was carried out at 40°C.
[0103]

Subsequently, the film substrate provided with the above shape

was cured by the use of a hot plate at 40°C for 12 hours and then

15 at 150°C for 30 minutes to prepare a resin mold for naneoimprinting
{transfer surface: 576 nmz, 150 L/3, frequency: 300 nm, depth: 150
nm) .

Using the resulting resin mold for nancimprinting,
nanoimprinting was carried out in the same manner as in the step (4)

20  of Example 1.
The resulting resin mold for nanoimprinting and the

nancoimprinting results are set forth in Table 3.
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[0105]

[Example 11]

A resinmold for nanoimprinting was prepared in the same manner
as in Example 1, except that the resin film thickness in the step
(2) of Example 1 was changed to 0.4 um, and the master mold in the
step (3) of Example lwas replacedwitha quartzmeld (transfer surface:
576mm?, 25nmL/S, frequency: 50 nm, depth: 50 nm) having been subjected
to release treatment.

Using the resulting resin mold for nancimprinting, centinuous
phote nanoimprinting of 20 shots was carried ocut in the same manner
as in Example 1.

The resulting resin mold for nanoimprinting and the
nanoilmprinting results are set forth in Table 4.

[0106]

[Example 12]

A resinmold for nanoimprinting was prepared in the same manner
as in Example 1, except that the master meold in the step (3) of Example
1 was replaced with a quartz mold (transfer surface: 576 mm?, 75 nm
L/S, frequency: 150 nm, depth: 150 nm) having been subjected to release
treatment.

Using the resulting regin mold for nanoimprinting, continuous
photo nancimprinting of 20 shots was carried out in the same manner
as in Example 1.

The resulting resin mold for nanoimprinting and the



SF-2377 4%_[8%&%] [Example 8] A resin mold for nanoimprinting was prepared in the same manner
asin Exaﬁmle , except that 80 parts by weight o‘g tyrene (trade 5 name: Styrene Monomer,
manufactured by Idemitsu Kosan Co., Ltd.) were used instead of 80 parts by weight of methyl
methacrylare in the step (1) of Example 1. Using the resulting resin mold for nanoimprinting,
continuous photo nanoimprinting of 20 shots was carried out in the same manner 10 as in Example 1.

The resultinggesii-mald for rareimprinting and the namoimprinting results are set forth in Table 3.
[0098] [Example 9] 15A resin mold for nanoimprinting was prepared in the same manner as inExample
1, except that 80Opartsbyweight of isobornylmethacrylate (trade name: Light Ester IB-X,
manufacturedbyKyoeisha Chemical Co., Ltd.) were used instead of 80 parts by weight of methyl
methacrylate in the step (1) af¥Example 1. 20Using the resulting resin mold for nanoimprinting,
continuous photo nanoimprinting of 20 shots was carried out in the same manner as in Example 1.
The resulting resin raald-fornanesrprinting.and the Agneimpraiing eesuls ate setdodhnctable 3.
5 as in Example 1, except that the master mold in the step (3} of Example
1 was replaced with a quartz mold (transfer surface: 576 mm®, 10000
nm L/S, frequency: 20000 nm, depth: 150 nm) having been subjected
to release treatment.
Using the resulting resin mold for nanoimprinting, continuous
10 photo nancimprinting of 20 shots was carried cut in the same manner
as in Example 1.
The resulting resin mold for nancimprinting and the
nanoimprinting results are set forth in Table 4.
(01081
15 [Example 14]
A resinmold for nancimprinting was prepared in the same manner
as in Example 1, except that the master mold in the step (3) of Example
1 was replaced with a quartz mold (transfer surface: 576 mm?, hole
diameter: 200 nm, frequency: 400 nm, depth: 200 nm, columnar shape)
20  having been subiected to release treatment.
Using the resulting resin mold for nanoimprinting, continuocus
photo nanoimprinting of 20 shots was carried ocut in the same manner

as in Example 1.

The resulting resin mold for nanoimprinting and the



SF-2377 84%[%3%] [Example 10] A resin mold for nanoimprinting was prepared in the same
manner ds in"ExXxample 1, except that 80 parts by yeight of tert-butyl 5 methacrylate (trade name: Light
Ester TB, manufactured by Kyoeisha Chemical Co., Ltd.) were used instead of 80 parts by weight of
methyl methacrylate in the step (1) of Example 1. Using the resulting resin mold for
nanoimprinting, continuous photo nanoimprinting of 20 shots was carried out in the same manner 10
as in ExamapleilprinTheyesgling-resirealdfor bannimprirtingi and the nanoimprinting results are

set forth in Table 3. [0100] [Comparative Example 6] 15A resin mold for nanoimprinting was prepared
by carrying outthe following operations instead of the step (1) to the step (3) of Example 1. To 100
parts byweight of polydimethylenesiloxane (PDMS) (trade name: SIM-260,manufacturedbyShin- su
Silicone Co. , Ltdk:10parts 26 by weight of a curing agent (trade name: CAT-260, manufactured by
A resinmoeld for nancimprinting was prepared in the same manner
5 as in Example 1, except that the master mold in the step (3) of Example
1wasreplacedwiﬂaaquartzm@ld(transfersurface:576nm@,f:equency:
300 nm, depth: 300 nm, moth eye shape) having been subjected to release
treatment.
Using the resulting resin mold for nanoimprinting, continucus
10 photo nancimprinting of 20 shots was carried cut in the same manner
as in Example 1.
The resulting resin mold for nancimprinting and the
nanoimprinting results are set forth in Table 4.
[0110]
15 [Example 16]
A resinmold for nanoimprinting was prepared in the same manner
as in Example 1, except that the resin film thickness in the step
(2) of Example 1 was changed to 6.4 um, and the master mold in the
step (3) of Example 1 was replacedwithaquartzmold (transfer surface:
20 576 mm?, hole diameter: 1000 nm, freguency: 20000 nm, depth: 800 nm,
micro lens shape) having been subjected to release treatment.
Using the resulting resinmold for nanoimprinting, continuous

photo nanoimprinting of 20 shots was carried out in the same manner

as in Example 1.



Shin-EtSLél ilicone Co., Ltd.) were added, and the mixture was well stirred. Thereafter, themixture was
diluted to™10 times with toluene, then applied ontga PET film substrate by spin coating and dried at
130C for 15 minutes by the use of a heat press to prepare a resin SE-2377 44 film having a film
thickness of 1.3 pm. This PDMS is a silicone resin cured product and is not a silicone-based
macromonomer. [0101] The laminate of the film substrate and the resin layer was heated 5 to 40C
using ST-50 manufactueed by iheshiba Maeghine Ga.r Lichnthena inastes ald {guarz mold having been
subjected to release treatment, transfer surface: 576 mmz2, 150 L/S, frequency: 300 nm, depth: 150
am) was heelightdrtoheontact wath the tesin layer surface; anddbesmal nanoimprinting was carried out
at 40C. 10Subsequently, the film substrate provided with the above shape was cured by the use of a
hot plate at 40C for 12 hours and then at 150C for 30 minutes to prepare a resin mold for
nanoimprinting (transfer surface: 576 mmz2, 150 L/S, frequency: 300 nm, depth: 150 nm). 15Using the
resulting resin mold for nanoimprinting, nanoimprinting was carried out in the same manner as in the
step (4) of Example 1. The resulting resin mold for nanoimprinting and the nanoimprinting results
are set forth in Table 3.



20[0102] [Comparative Example 7] To 100 parts by weight of spin-on glass (SOG) (trade name:
LHG-NIL-01 main agent, manufactured by LEAP), 10 parts by weight of a curing agent (trade name:
LHG-NIL-01 curing agent, manufactured SF-2377245 by LEAP) were added, and the mixture was well
stirred. Thereafter, the mixture was applied onto a PET film substrate by spin coating to form a resin

film having a film thickngss of 1.3k} This Spin-on glasy i§ liquidiglass capable of being used for 5
spin coating. The lattiinate gf the|film substrate iand the resin laygr was heated to 40C using ST-50
manufactured by Toshibay; \@acodwﬁe Co., Lt} then aimagter mold rtz mold having been subjected
to release treatment, transfersurface} 576 mmz2, 150 L/S, frequency: 300 nm, depth: 150 10 nn) was
brought into contact with-thet aqiﬂ layerisurface, and thrermat-nmanoimprinting was carried out at 40C.
[0103] Subsequently;ithe film substrate provided with the above shape was cured by the use of a
hot plate at 40C for 12 hougé(@nd then 15 at150C for 30 Minutes| & Brepare a resin mold for nanoimp
ting (transfer surface: 576 m Mn22150 L/S, frequency; 300 nm, depth: 150 nm). Using the
resulting resin mold for namoimprinting, hanmimprinting was canried jodt in the same manner as in the
step (4) 20 of Example 1z The tesu ting resin mold g()é nanoimprinting and the nanoimprinting
results are set forth in Table & = B il o |EE
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SF-2377 47 [0105] [Example 11] A resin mold for nanoimprinting was prepared in the same
manner asiin ple 1, except that the resin filr’g;hickness in the step 5 (2) of Example 1 was
changed to 0.4 um, and the master mold in the step (3) of Example 1 was replaced with a quartz mold
(transfer surface: 576 mmz2, 25 nmL/S, frequency: 50 nm, depth: 50 nm) having been subjected to
release treatment. Using the resulting resin mold for nanoimprinting, continuous 10 photo
nanoimprinting:ef 20 shots was carried out in the same manner as in Example 1. The resulting
resin mold for nanoimprinting and the nanoimprinting results are set forth in Table 4. [0106]
15[Example 12] [rxAntgsin meld for nanoiraprinting was prepared in the same manner as in Example
1, except that the master mold in the step (3) of Example 1 was replaced with a quartz mold (transfer

surface: 576 ramg, /5:hm kb3 afregqueney:: 1R ni-n; depifs 158 having beensubieeled:to release
20treatment. Using the resulting resin mold for nanoimprinting, continuous photo nanoimprinting of
20 shots was; carried.outin the same manner-as iInEXample dhich was a substrate was
5 replacedwith scda-lime glass (manufacturedby Asahi Glass Co., Ltd.,
thickness: 1.1 mm) in the step (2} of Examplie 1.
Using the resulting resin mold for nancimprinting, continuous
photo nancimprinting cf 20 shots was carried out in the same manner
as in Example 1.
10 The resulting resin mold for nancimprinting and the
nanoimprinting results are set forth in Table 5.
[0113]
[Example 18]
A resinmold for nanoimprinting was prepared in the same manner
S 15 as in Example 1, except that the PET film which was a substrate was
replaced with a silicon wafer (manufactured by Covalent Material
Corporation, grade used: polished wafer, thickness: 0.5 mm) in the
step (2) of Example 1.
Using the resulting resin mold for nanoimprinting, continuous
20 photo nanoimprinting of 20 shots was carried out in the same manner
as in Example 1.
The resulting resin meld for nancimprinting and the

nancimprinting results are set forth in Table 5.

[0114]



The resulting resin mold for nanoimprinting and the SF-2377 48 nanoimprinting results are set forth in
Table 4. ﬁfﬂ)%’]j’ﬁ:ﬂxample 13] A resin mold for nag imprinting was prepared in the same manner 5 as
in Example 1, except that the master mold in the step (3) of Example 1 was replaced with a quartz
mold (transfer surface: 576 mm2, 10000 nm L/S, frequency: 20000 mu, depth: 150 run) having been
subjected to release treatment. Using the resulting resin mold for nanoimprinting, continuous 10
photo nanoimprinting.ef-2@ shots was carried out in the same manner as in Example 1. The
resulting resin mold for nanoimprinting and the nanoimprinting results are set forth in Table 4. [0108]

15[Example 14] » rAresiymole-fornapeimprnting.was prepared duthe same anannefiashin Example
1, except that the master mold in the step (3) of Example | was replaced with a quartz mold (transfer

surface: 526:mm2;hgle diameter2001Hp+ freguiency: 400 im: deptha208 Hms soturmsarshape) 20
having been subjected to release treatment. Using the resulting resin mold for nanoimprinting,
continuoys. phato-nanaimpringing.of-2Q shets-was ¢atiad-autinthe samesmannaeas incixample 1.
5 grade used: semiconductor grade, thickness: 0.5 mm) in the step (Z)
of Example 1.
Using the resulting resin mold for nancimprinting, continuous
photo nancimprinting of 20 shots was carried out in the same manner
a3 in Example 1.
10 The resulting resin mold for nanoimprinting and the
nanoimprinting results are set forth in Table 5.
(011517
[Example 20]
A resinmold for nanoimprinting was prepared in the same manner
15 as in Example 1, except that the PET film which was a substrate was
replaced with a PSF film (trade name: Sumilite™ ¥5-1200, manufactured
by Sumitomo Bakelite Co., Ltd., thickness: 0.12 mm) in the step (Z2)
of Example 1.
Using the resulting resin mold for nanoimprinting, continuous
20  photo nanoimprinting of 20 shots was carried out in the same manner
as in Example 1.
The resulting resin mold for nanoimprinting and the

nanoimprinting results are set forth in Table 2.

[0116]



The resulting,r mold for nanoimprinting and the SE-2377 49 nanoimprinting results are set forth in
Table 4. f)%?? xample 15] A resin mold for nangimprinting was prepared in the same manner 5 as
in Example 1, except that the master mold in the step (3) of Example 1 was replaced with a quartz
mold (transfer surface : 576 mm2, frequency: 300 nm, depth: 300 nm, moth eye shape) having been
subjected to release treatment. Using the resulting resin mold for nanoimprinting, continuous 10
photo nanoimprintifig:eH2@ shots was carried out in the same manner as in Example 1. The
resulting resin mold for nanoimprinting and the nanoimprinting results are set forth in Table 4. [0110]

15[Example 16] a reAifesipraotd for nanoimptintingovassprepareddd the same=manaenas in Example
1, except that the resin film thickness in the step (2) of Example 1 was changed to 6.4 pm, and the

master moid in thestep £3). of Exaeaple: havas kepkredrwith aguanzmeld (transtersurface: 20576
mm2, hole diameter: 1000 nm, frequency: 20000 rim, depth: 800 nm, micro lens shape) having been
subjected-tg;releagefieatraentl ycarbonate £film (trade name: Lexan, manufactured
5 byAsahi Glass Co., Ltd., thickness: 0.12mm) in the step (2) of Example
1.
Using the resulting resin mold for nancimprinting, continuocus
photo nanoimprinting of 20 shots was carried out in the same manner
as in Example 1.
10 The resulting resin mold for nanoimprinting and the
nanoimprinting results are set forth in Table 5.
[0117]
[Example 22
A resinmold for nanoimprinting was prepared in the same manner
15 as in Example 1, except that the PET film which was a substrate was
replacedwithapolyethylenenaphthalate (PEN) film (tradename: Teonex,
manufactured by Teijin Chemicals, Ltd., thickness: $.12 mm} in the
step (2) of Example 1.
Using the resulting resin mold for nanoimprinting, continuocus
20 photo nanoimprinting of 20 shots was carried out in the same manner
as in Example 1.
The resulting resin mold for nanoimprinting and the

nanoimprinting results are set forth in Table 5.

[0118]



Using the resulting resin mold for nanoimprinting, continuous photo nanoimprinting of 20 shots was
carried otif i‘thé Same manner as in Example 1.. SF-2377 50 The resulting resin mold for
nanoimprinting and the nanoimprinting results areé set forth in Table 4. SE-2377 52 [0112] [Example
17] A resin mold for nanoimprinting was prepared in the same manner as in Example 1, except
that the PET film which was a substrate was 5 replaced with soda-lime glass (manufactured byAsahi
Glass Co., Ltd., thigkn@ss: 12Bmm) in the step (2) of Example 1. Using the resulting resin mold for
nanoimprinting, continuous photo nanoimprinting of 20 shots was carried out in the same manner as in
Example 1. 10The reguling resiromelg-for Aanoiroprntingsapddpered in the same manner
as in Example 1, except that the PET film which was a substrate was
replaced with a polyimide film (trade name: Aurum Film, manufactured
5 byMitsui Chemicals, Inc., thickness: 0.3mm) inthe step (2) of Example
1.
Using the resulting resin mold for nanoimprinting, continuous
photo nanoimprinting of 20 shots was carried out in the same manner
as in Example 1.
10 The resulting resin meld for nancimprinting and the
nanoimprinting results are set forth in Table 5.
[0119]
[Example 24]
A resinmold for nanoimprinting was prepared in the same manner
15 as in Example 1, except that the PET film which was a substrate was
replaced with pelymethyl methacrylate (trade name: Acryplen,
manufactured by Mitsubishi Rayon Co., Ltd., thickness: 0.12 mm) in
the step (2) of Example 1.
Using the resulting resin mold for nancimprinting, continuous
20  photo nanoimprinting of 20 shots was carried out in the same manner
as in Example 1.
The resulting resin mold for nanoimprinting and the

nancimprinting results are set forth in Table 5.

[C120]



nanoimprinting results are set forth in Table 5. [0113] [Example 18] A resin mold for nanoimprinting
was prep Fe_cgﬁw the same manner 15 as in Exa 1, except that the PET film which was a substrate
was replaced with a silicon wafer (manufactured by Covalent Material Corporation, grade used:
polished wafer, thickness: 0.5 mm) in the step (2) of Example 1. Using the resulting resin mold
for nanoimprinting, continuous 20 photo nanoimprinting of 20 shots was carried out in the same
manner as in Examglendie z9he resulting resin mold for nanoimprinting and the nanoimprinting
results are set forth in Table 5. [0114] SE-2377 53 [Example 19] A resin mold for nanoimprinting

was prepared in the samePaaneasin Exampleckrexeapt thaithe-RET fitmewhieh wasra:substrate
was replaced with a sapphire substrate (manufactured by Orbe Pioneer Ltd., 5 grade used:

semiconguctor, gradethickness-Qe:mmmkin the-stepr(2:okExamplelas a sUsing-thezresting resin
mold for nanoimprinting, continuous photo nanoimprinting of 20 shots was carried out in the same
manner as.imExamnle 4 10The resulting resia meidforaaneimpratingand g ractured
5 by Nippon-ITF Inc., thickness: 0.12 mm) having been subjected to
coating treatment with diamond-like carbon (DLC) (thickness: 1 um),
in the step (2} of Example 1.
Using the resulting resin meld for nanocimprinting, continuous
photo nanoimprinting of 20 shots was carried out in the same manner

10  as in Example 1.

The resulting resin mold for nancimprinting and the
nanoimprinting results are set forth in Table 5.
(01211

[Example 26]

15 A resinmeld for nancimprinting was prepared in the same manner
as in Example 1, except that the PET film which was a substrate was
replaced with glassy carbon (GC) (grade used: SA~1, manufactured by
Tokai Carbon Co., Ltd., thickness: 1 mm) in the step (2) of Example
1.

20 Using the resulting resin mold for nanoimprinting, continuous
photo nancimprinting of 20 shots was carried cut in the same manner
as in Example 1.

The resulting resin mold for nanoimprinting and the

nanoimprinting results are set forth in Table 5.



nanoimprinting results are set forth in Table 5. [0115] [Example 20] A resin mold for nanoimprinting
was prep%?é“ﬁnﬁwe same manner 15 as in Example 1, except that the PET film which was a substrate
was replaced with a PSF film (trade name: SumiliteTN FS-1200, manufactured by Sumitomo Bakelite
Co., Ltd., thickness: 0.12 mm) in the step (2) of Example 1. Using the resulting resin mold for
nanoimprinting, continuous 20 photo nanoimprinting of 20 shots was carried out in the same manner
as in Examphezl. The resulting resin mold for nanoimprinting and the nanoimprinting results are
set forth in Table 5. [0116] SF-2377 54 [Example 21] A resin mold for nanoimprinting was
prepared in the samemarnerias in Example 1, except that the PET film which was a substrate was
replaced with a polycarbonate film (trade name: Lexan, manufactured 5byAsah.i Glass Co. , Ltd.,

thickness: 0.12mm)-ins thessten (2)-of Example 1at i ndUsiagthedesutting resinsmate:farnnanoimprinting,
continuous photo nanoimprinting of 20 shots was carried out in the same manner as in Example 1.
as in Example 1, except that the PET film which was a substrate was
5 replaced with a silicon carbide (SiC) wafer (grade used: 6HN-Type,
manufactured by TanKeBlue Semiconductor Co., Ltd., thickness: 0.43
mm) in the step {2} of Example 1.
Using the resulting resin mold for nanoimprinting, continuous
photo nancimprinting of 20 shots was carried out in the same manner
10  as in Example 1.

The resulting resin mold for nanoimprinting and the

nanoimprinting results are set forth in Table 5.



10The resulting resin mold for nanoimprinting and;the nanoimprinting results are set forth in Table 5.
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10The resulting resin mold for nanoimprinting and the nanoimprinting results are set forth in Table 5.
[0119] [E§5ﬁﬁ7%§ §4] A resin mold for nanoimprint.ngwas prepared in the same manner 15 as in
Example 1, except that the PET film which was a’substrate was replaced with polymethyl methacrylate
(trade name: Acrypien, manufactured by Mitsubishi Rayon Co., Ltd., thickness: 0.12 mm) in the step
(2) of Example 1. Using the resulting resin mold for nanoimprinting, continuous 20 photo
nanoimprigtng of 20 shots was carried out in the same manner as in Example 1. The resulting
resin mold for nanoimprinting and the nanoimprinting results are set forth in Table 5. [0120] SF-2377
56 [Example 25] [Exaf esinomeld for nanoimprinting was prepared in the same manner as in Example
1, except that the PET film which was a substrate was replaced with a PET film (trade name: Genius

Coat DLC, manufagtyred Bby, NipponsEhfz Ing, - thigkRess:0: 12 mem) having hees subjected to coating

treatment with diamond-like carbon (DEC) (thickness: 1 um), in the step (2) of Example 1. Using

the resuligg xesio,mald for nanoieprining. Sotianous pholo naRoigAATG, ot 20 sbats wes carried

out in the same manner 10 as in Example 1.

5 the step (4) of Example 1.

A cyclohexyl methacrylate {trade name: Light Ester CH,
manufactured by Kyoeisha Chemical Co., Ltd.) polymerization product
prepared in the same step as the step (1) of Example 1 was applied
in advance onto a glass substrate by spin coating, and the resulting

10 resin laminate was heated to 130°C to prepare a transfer sheet.

The resin mold (transfer surface: 576 mm?, 150 L/S, freguency:
300 nm, depth: 150 nm) prepared in Example 1 was pressed against this
transfer sheet, and thermal transfer was carried out at 80°C.

In the thermal transfer, the pressure of a pressing machine

15 was 20 MPa, and the holding time was 5 minutes.

Thereafter, the laminate was cooled to 65°C, then the resin
mold was removed, and it was confirmed that there was no transfer
defect. The results are set forth in Table 6.

Using the resin mold, continucus thermal nancimprinting of 20

20 shots was carried out, and as a result, imprinting could be achieved
without any problem.
[0125]
[Example 298]

Using the resin mold for nanoimprinting of Example 1,



The resulting resin mold for nanoimprinting and the nanoimprinting results are set forth in Table 5.
[0121] [E§§ﬁ1%@é7§6] 15A resin mold for nanoimpré%ting was prepared in the same manner as in
Example 1, except that the PET film which was a“substrate was replaced with glassy carbon (GC)
(grade used: SA-1, manufactured by Tokai Carbon Co., Ltd., thickness: 1 mm) in the step (2) of
Example 1. 20Using the resulting resin mold for nanoimprinting, continuous photo nanoimprinting of 20

shots wag garried oUtin the same-manney asin Examle o1 10wEhe reswiing resin eedd der
nanoimprinting and the nanoimprinting results are set forth in Table 5. SF-2377 57 [0122] [Example

27] A resinsald for napoimpripting was prepared in the same manner as in Example 1, except
that the PET film which was a substrate was 5 replaced with a silicon carbide (SiC) wafer (grade used:

6HN-Type, manufactured by TanikeBlue Semicondugton 0. bid tigkness:QA3mm) ipthe step (2)
of Example 1. Using the resulting resin mold for nanoimprinting, continuous photo
nanoimprining; of 20-shats was tatried,outinthe samemannerdasinExamplekossing
5 themat 1.0 MPa against a polycarbonate film {trade name: Lexan film,
thickness: 0.12 mm, manufactured by Asahi Glass Co., Ltd.) having
been coated with a photo-curable resin PAK-20 (manufactured by Toyo
Gosei Co., Ltd.), the line was run (feed rate: 1 m/min, apparatus:
handmade) .
10 Thereafter, while running the line, irradiation with
ultraviolet rays of 70 mW/cm? was carried out to cure the resin.
[0126]

Subsequently, the resin mold for nancimprinting was removed
fromtheroll. Itwasconfirmedithatthemcldwas freefromfalling-off

i5 of resin, etc.

Falling-off of the resin from the resinmold for nanoimprinting
after the nanoimprinting was visually observed, and further, the
contact angle wag alsc measured.

Moreover, the surface shape of the resinonwhichnanoimprinting

20 had been performed was observed by means of SEM and AFM, and as a
result, it was confirmed that a pattern having a line width of 150

nm, freguency of 300 nm and a depth of 150 nm had been formed.

The results are set forth as nancimprinting results in Table



The resulting resin mold for nanoimprinting and the nanoimprinting results are set forth in Table 5.
SF-2377 59 [0124] [Example 28] Using the resin mold for nanoimprinting of Example 1,
nanoimprinting was carried out in the following m&dner instead of 5 the step (4) of Example 1. A
cyclohexyl methacrylate (trade name: Light Ester CH, manufactured by Kyoeisha Chemical Co., Ltd.)
polymerization product prepafegin thé ;iame step gs thé giep (1) of Example 1 was applied in advance
onto a glass substrate by spin goating| and the resulting.10 resinj{laminate was heated to 130C to
prepare a transfer sheet. ne resin maold; (tra Hfglca}@ig%:gm mm2, 150 L/S, frequency: 300nm,
depth: 150 nm) prepared in Example 1 was pressedg-agal transfer sheet, and thermal transfer
was carried out at 80C. In the thermal transfer,ithe pres of.a jpressing machine 15 was 20 MPa,
and the holding time was 5 minutes Thereafter, the nate was cooled to 65C, then the resin
mold was removed, and it was copfirmed that there;wa ransfer defect. The results are set forth in
Table 6. Using the resi rlggﬂprinting of 20 20 shots was carried

ngldi.continuogs therma
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[0125] [Exampl 279] Using the resin mold for nanoimprinting of Example 1, SF-2377 60
nanoimprﬁffiﬁ%%?as carried out in the following manper instead of the step (4) of Example 1. The
resin mold for nanoimprinting obtained in Example 1 was wound round a roll having a diameter of 6
inches, and while pressing 5 them at 1.0 MPa against a polycarbonate film (trade name: Lexan film,
thickness: 0.12 mm, manufactured by Asahi Glass Co., Ltd.) having been coated with a photo-curable
resin PAKz20{mantdfactured hy: $eyo Gosei Co., Ltd.), the line was run (feed rate: 1 m/min, apparatus:
handmade). 10Thereafter, while running the line, irradiation with ultraviolet rays of 70 mW/cm2 was
carried outdozcire the resin. [0126] Subsequently, the resin mold for nanoimprinting was
removed from the roll. It was confirmed that the mold was free from falling-off 150f resin, etc.
Falling-off of the resin-from; the, y&sin mold for nanoimprinting after the nanoimprinting was visually
observed, and further, the contact angle was also measured. Moreover, the surface shape of the resin
on which nanoimprinting, 29-had been performed was observed by means of SEM and AFM, and as a
result, it was confirmed that a pattern having a line width of 150 nm, frequency of 300 nm and a depth
of 150 nm had been fggmed. The results are set forth as nanoimprinting results in Table

6: substrate
7: roller type mold for imprinting

#: light source



SF-2377 9%5 grence Signs List [0128] 3: resin layer 4: substrate 5: resin 6: substrate 7: roller type
mold for imprinting 8: light source SF-2377 63 Clgg'ns

Claims
1. A resinmold for nanoimprinting, comprising a substrate
and & resin layer formed cn the substrate and having fine depressions
and protrusions formed on a surface cof the resin laver,

5 wherein the resin layer is formed from 1 to 49 parts by weight
of a silicone-basedmacromonomer and/or a fluorine~basedmacromonomer
and 929 to 51 parts by weicght of at least one polymerizable monomer
selected from the group consisting of a {meth)acrylic monomer, a
styrene-based monomer, an epoxy-based monomer, an olefin-based

10 monomer and a polycarbonate-based resin-forming monomer,
the siliicone-based macromonomer and/or the fluorine-basad
macromonomer has a molecular weight of 600 to 10000 and has, at an
end of molecule, a reactive group copolymerizable with the
polymerizable menomer, and when the reactive group is copolymerized
15 with thepolymerizable group, silicone~based units or flucrine~based
units that constitute the macromoncmer form side chains on a trunk

polymer formed from the polymerizable monomer and the macromonomer.

Z. The resin mold for nanoimprinting as claimed in claim

20 1, wherein when the thickness of the resin layer is designated by

yvandtheheight of theprotrusionformedontheresinlayer isdesignated

by x, the resin layer has a relationship represented by the following
formula (I):

Y = NXZ (T)



1.A res,insrppp3 nanoimprinting, comprising a substrate and a resin layer formed on the substrate
and having finé depressions and protrusions forn‘geég on a surface of the resin layer, wherein the
resin layer is formed from 1 to 49 parts by weight of a silicone-basedmacromonomer and/or a
fluorine-basedmacroraonomer.and 99 to 51 parts by weight of at least one polymerizable monomer
selected from the group consisting of a (meth)acrylic monomer, a styrene-based monomer, an
epoxy-based-rsenomei saa olefindasediG.manaimer and aifpalycarbonate-based resin-forming
monomer, the silicone-based macromonomer and/or the fluorine-based macromonomer has a
molecular weight of 600 to 10000 and has, at an end of molecule, a reactive group copolymerizable
with the polymerizable monomer, and when the reactive group is copolymerized 15 with the
polymerizable grgup, silicane-based uhitsior fuornediaged: units:that-censtittteithenmactemonomer
form side chains on a trunk polymer formed from the polymerizable monomer and the macromonomer.

2. The resin meld-formnangimprinting,asclaisted ieClaim 20.dnuhereirwhendberthickness ©f the resin
layer is designated by yandtheheightoftheprotrusionformedontheresinlayeris designated by X, the resin

layeshasa relationshiprepresented i the follawingdarmula () ahs neoxd: iR 306 64wherein nis a
value ranging from 1 to 15. 3. The resin mold for nanoimprinting as claimed in claim 1, wherein the

side chaing of the macromanemer.are present on thebsuriace althe kesin layer sedhaldbe contact
angle between the resin layer surface and pure water may become not less than 100 degrees.

4. The resin mold for nanoimprinting as claimed in claim 1, wherein the silicone units or the
fluorine-containing units that 10 constitute the macromonomer form a chain structure. 5. The resin

mold for nanoimpyinting as,clajmed-inclaiin d.er 2. whereipa resig that farms the resimlgygr has a
weight-average molecular weight (Mw) , as measured by gel permeation chromatography,
1, wherein the silicone units or the fluorine-containing units that

10 constitute the macromonomer form a chain structure.

5.  The resin mold for nanoimprinting as claimed in claim
lor 2, wherein a resin that focrms the resin layer has aweight-average -
molecular weight {(Mw), as measured by gel permeaticn chromatography,

15  of 50000 to 1506000.

6. The resin mold for nanoimprinting as claimed in claim
1 or 2, wherein the pitch of repeating units of the surface shape
formed on the resin layer is in the range of 10 to 50000 nm.

20

7. The resin meld for nanoimprinting as claimed in claim
1, whereinthe light transmittance of theresinmold fornanoimprinting

at 265 nm is not less than 75%.



150f SOO%Q;%% 000. 6. The resin mold for nanoimprinting as claimed in claim 1 or 2, wherein
the pitch of repeating units of the surface shape fggmed on the resin layer is in the range of 10 to
50000 nm. 20 7. The resin mold for nanoimprinting as claimed in claim 1, wherein the light
transmittance of the resin mold for nanoimprinting at 365 nm is not less than 75%. SF-2377 65 8.
The resin mold for nanoimprinting as claimed in claim 1, wherein the substrate arranged in the resin
mold for nanoimgrinting i$onersuhstratel selgeted fromi tipe: §roup goasistingiokal resin-subistrate,
aglass substrate, asiliconsubstrate, a sapphire substrate, a carbon 5 substrate and a GaN substrate.
9. The resinwheld:for navroimprniing as claimediin-claim tewhichdsafanged oire strfaceof a roller.

isonesubstrateselected fromthe groupconsistingofaresinsubstrate,
aglass substrate, asilicon substrate, a sapphire substrate, a carbon

5 substrate and a GaN substrate.

9. The resin mold for nancimprinting as claimed in claim

1, which is arranged on a surface ¢f a roller.



