SF-2379 Description RESIN MOLD FOR NANOIMPRINTING AND PRODUCTION METHOD
THEREOFFHEGHMNICAL FIELD 5[0001] The ptesent invention relates to a resin mold for
nanoimprinting and a production method thereof. In particular, the present invention relates to a resin
mold for nanoimprinting and a production method thereof in which the resin mold has an 10 inorganic
substance layer between a mold release agent layer and a resin layer. BACKGROUND ART [0002]
15Imprinting technology is a technology in whieh@a molcfor molding a pattern is pressed into a liquid
resin or the like upon a substrate, and transfers the pattern of the mold to the resin. Depressions and
protrusionsrpatterns @xist avsizesNariging from mansrstate (Iuamleve lykr aoouttHIRAOE and these
patterns are 20 used in various types of fields such as semiconductor materials, opmedia,
calmaterials,recordingmicromachines, biotechnology, environment, or the like. [0003] SF-23792 photo
imprinting, or the like. Thermal imprinting presses a mold having a certain geometry formed in the
surface thereafiagainsta thigymoplastic resin melted at a -temperature greater than or equal to the
glass transition temperature, thermally imprints the 5 surface geometry of the mold into the
thermoplasiicoresin, and peels off the imprinted thermoplastic resin from the mold after cooling. Photo
imprinting presses the same type of mold against a photo-curable resin, causes curing of the
photo-curable resin by Wiravielet radiatien-angh ther: paelsdhecured phete-crrable 19 resin-from the
mold. [0004] On the other hand, in consideration of the need for the mold to have strength,
toughnesgzprosessabitityn gnd:cimensional stabilitynsateralsrsuelas, quanzpsiliean, arthe like have
15 been conventionally used for the mold. However, such materials have problems such as easy
breakage; high cast- Hime requiredfar praduction, orthelike, InOrderto-salyesughreblems, mass
production is being attempted by using such a quartz or the like mold as a master mold, obtaining a

resin mothgp pattgrn, and2Q-further produging adeplica mold hased opdhemather pattern,Due to
general utility and cost, resin replica molds are used as replica molds. [0005] SF-23793 methacrylate,

at least ong fype Qf (mefh)acylate esterwhere the.alcohpl Igs@éféééezégéﬂtc%%?@f‘%@!?er alkyl,

and a glycidyl group-containing (meth) acrylate is known as a resin for undergoing imprinting (for

example, a§e§@PS§l§n§Q§)ggr_nent 1).

BACKGRCUND ART
(60027
15 Imprinting technology is a technology in which & mold for
molding a pattern is pressed into a liquid resin or the like upon
a substrate, and transfers the patiern of the mold to the resin.
Depressions and protrusions patterns exist at sizes ranging from
nano-scale (10 nm level] to abcut 100 pm, and these patterns are
20 used in various types of fields such as semiconductor materials,
optical materials, recording media, micro machines,
biotechnology, environment, or the like.
[0003]

Types of imprinting are exemplified by thermal imprinting,



5[00061 Moreover, active energy beam curable resin formed of (meth)acrylic acid and an glycidyl
group-corgainiyepoxy compound is known to hawe excellent strength, adhesion, and cracking
resistance (for example, see Patent Document 2). 10[0007] These resins are cured compositions
that include a compound including a glycidyl group as a monomer by using active energy beam (e.g.
ultraviolet radiation or the like). During the reaction, a carboxylic acid group, hydroxyl group, or the like
15 reacts prithcthel glyeityt groyp, @and:-the ting©pertiag of the. apexynagroup cadsessthesepoxy resin to
cure. [0008] On the other hand, when a resin replica mold is obtained from the master mold, and
when glycidyt grgups @xistdn theyeesin 20-forping:the: replica malgd{sesinmeld}gormpatibility between
the surface of the master mold and the surface of the replica mold becomes high, the replica mold
becomes giffieatiio peet from the master pattenn sangrgamelfimes the darma ot the-fermedweplica mold
is disrupted during demolding. SF-23794 [0009] Moreover, various types of optical devices are
formed byt plaging apd pressing:a £e%in fiim agaipst-thesswrfaceof this replicaspeld, se as te transfer
the depressions and protrusions 5 geometries formed in the surface of the replica mold to the resin
surfage. Hewevar. dydng steh nelding. attachment of thesresin filay (o thereplica meld often occurs
and makes it difficult to peel the resin film from the replica mold. [0010J 10To avoid the above

problem, gJnqld refease,agentlayerisformedeithesurface.of the replica moldo However,-
simultaneous with the mold release agent layer becoming a mold release agent layer for the resin film,

the mold releass,ageptlaysr alsobecomes amaldJelease agant I@yg(equfhﬁcr@eli%ar;,mgif,ormed
from resin. 15 Thus, when the depressions and protrusions formed in the replica mold are transferred

to the resin film,4he moldreleaseagent layerneels fram the surface;of the repligaymojd. and

sometimes transfers and attaches to the surface of the resin film onto which the depressions and

protrusions were farmed. 20[0041 ] + ; N rdgr {¢ preyentsuch transfer and attachment of the mold

release agent layer, an oxide layer formed of an inorganic oxide is formed on the surface of the replica
mold, and.the;shedding of the meld release agent layer from the surface of the replica SF-23795 mold
is prevented. Although it is possible to prevent shedding of the mold release agent layer from the oxide
layer by f%g%tjﬂn of a mold release agent layer with this oxide layer interposed between the mold

release oxide layer and the mold, adhesion of 5 this oxide film to the resin film is not necessarily good.

s e SR e s e e s sl e
oxide film,tg the, surface ot themprgted iesinfilm, CIIATIONLST Patent Higatures; 00431
stability, materials such as quartz, silicon, or the like have
15  been conventionally used for the mold. However, such materials
have problems such as easy breakage, high cost, time reguired for
production, or the like. In order to solve such problems, mass
production is being attempted by using such a guartz or the like
mold as a master mold, obtaining a resgsin mother pattern, and
20 further producing a replica mold based on the mother pattern. Due
to general utility and cost, resin replica molds are used as
replica mclds.

[0005]

A photo-curable acrylic resin copolymer of methyl



15Patent Document 1: Japanese Unexamined Patent Application-Publication No. 2008-282467
Patent Daximietit 2: Japanese Unexamined Pateng Application Publication No. 2003-306520 20
SUMMARY OF INVENTION Problem to be Solved by the Invention [0014] An object of the present
invention is to provide a resin SF-23796 mold releasability from the resin to be imprinted, and that
does not cause imprinting defects. Moreover, another object of the present invention is to provide a
resin mold:stuih that peslingadoes aot aecdribgbween varnous layersi and the substiate-during 5
imprinting. Yet another object of the present invention is to provide a resin mold for nanoimprinting that
has flexibility-ahd tandse dsed fy fixingtio a collersdhedikepSelutivnyto Peoblem 30[0016),1 The
resin mold for imprinting of the present invention is a resin mold having depressions and protrusions
transferregl-frarp -acsurtaceroba master meld Are fermed ondhessusfacs; thermeld1asingomprises a
main chain formed by (co)polymerization of a 15 monomer having an ethylenic double bond; at least a
part of the main ghainds fared withpa reactive menemer having.anepoxy group; and the main chain
is formed by causing reaction of the ethylenic double bond without ring opening of the epoxy group of
the reactiye mmamomer. 20[0016] In this manner, due to polymerization through the ethylenic
double bond without ring opening of the epoxy group, it is possible to form a robust resin mold, and
non-ring opened epEXLGOMPS g¥ist atthe rasin moldesface. These epoxy groups.gxtend as side
chain SF-23797 from the resin forming the resin mold to the inorganic substance layer formed on this

surface anglstrongly-kind the yesin molchand.the dngrganic substanee layer together. Thus due to the

existence of epoxy groups, the inorganic substance layer and the 5 surface of the resin composing the

mold are stopglyhound together in this,manner, Therefpre, itis-ppssifle tg ysg dhe fesin mold for

nanoimprinting formed of the resin of the present invention, the mold release agent layer, and the

inorganic substance layersfora longtime interval,with little rapsfer of the moald release 10 agent layer
and the inorganic substance layer to the transfer object during imprinting. [0017] Furthermore,
the ﬂg(ideﬂ@)(ﬁj'j? strongly bonded to the resin surface. Thus the geometry of the resin mold for

nanoimprinting 150f the present invention is resistant to distortion. ADVANTAGEOUS EFFECTS OF
INVENTION [0018}, Ihe resin mold for nanoimpxinfing pf the, invention gtthe £0 presgptapplication is

capable of imprinting without transfer

including a glycidyl group as a monomer by using active energy
beam (e.qg. ultraviolet radiation or the Llike). During the
reaction, & carboxylic acid group, hydroxyl group, or the like
15 reacts with the glycidyl group, and the ring opening of the epoxy
group causes the epoxy resin to cure.
[0008]
On the other hand, when a resin replica mold is obtained
from the master mold, and when glycidyl groups exist in the resin
20 forming the replica mold (resin mold), compatibility between the
surface of the master mold and the surface of the replica mold
becomes high, the replica mold becomes difficult to peel from the
master pattern, and sometimes the form of the formed replica mold

is disrupted during demolding.



defects. Moreover, by arrangement of an inorganic substance layer between the resin layer and the
mold release-agerit layer, adhesion between each of the layers of the resin mold for nanoimprinting
becomes good. Thus after imprinting, there is SF-23798 excellent mold releasability to separate the
imprinted resin and the resin mold for nanoimprinting, and there is no occurrence of lack of the mold
release agent layer of the mold. Furthermore, it is possible to control thickness of the mold release
agent laydr}8thd thus the mold release agent layer does not affect precision of the edges. [0019]
Adhesion between the resin layer and substrate and adhesion between the resin layer and mold
release agent layer-arecgend, for0: thesesinomsldfor manoiraprinting: okthe-pvertioneiihepresent
application due to the specific composition of the resin layer. As a result, the resin mold for
nanoimprinting i dheaiyeptien of the presest application is:readily tised dor-imprating muiltiple times
without peeling of the resin layer from the substrate and/or 15 mold release agent layer. Moreover,

defects suelas eracksiof thedikesindbedresindayer due tadhe inprintng deNql oseuk: {3020]
The resin mold for nanoimprinting of the invention of the present application can be inexpensively

mass; producec-sinee sesinrdQ is usedifer the-main hogdy: {02111 1 c Furthesmaye; thickagss, of the
inorganic substance layer of the resin mold for nanoimprinting of the invention of the present

applicatiop-is fessdhan of eaual tosa fixed value, Depending SR-23#88 on-corppesition of the mold, it
is thus possible for the resin mold for nanoimprinting to have flexibility, and it is possible to use the

resin molg fornanoimpsinting for-inpHnting i vafiousformss such agdoller.imprinting ortheJike. 5
Brief Description of the Drawings [0022] FIG. 1 shows the resin mold for nanoimprinting of the

present inyeation HLOKIGs %M&th&mﬁt%f%%qqgiq@@j&he resin mold for nanoimprinting of
the present invention. FIG. 3 shows the method of use of the resin mold for nanoimprinting of the
present invention. FIG. 4 shows the method of use of the roller type resin mold 15 for
nanoimprinting. DESCRIPTION OF EMBODIMENTS [0023]

10 To avoid the above proklem, a mold release agent layer is
formed on the surface of the replicamold. However, simultansous
with the mold release agent layer becoming a mold release agent
layer for the resin film, the meld release agent layer also becomes
a meld release agent layer for the replica mold formed from resin.

15 Thus, when the depressions and protrusions formed in the replica
meld are transferred te the resin film, the mold release agent
layer peels from the surface of the replica mold and sometimes
transfers and attaches to the surface of the resin film onto which
the depressions and protrusions were formed.

20 [0011)

In order to prevent such transfer and attachment of the mold
release agent layer, an oxide layer formed of an incrganic oxide
is formed on the surface of the replica mold, and the shedding

of the mold release agent layer from the surface of the replica



1. Resin Mold for Nanoimprinting 20The resin mold for nano imprinting of the present invention will be
describedsaeléw iehile referring to figures. [0024] The resin mold for nanoimprinting of the present
invention SF-237910 structure of laminated multiple layers of different materials. [0025] That is to
say, as shown in FIG. 1, the resin mold for nanoimprinting of the present invention has a four-layer
structure 5 that has: a substrate 4, a resin layer 3 formed on the aforementioned substrate and having
a surfacerdepressions and:pretiusionstpatterh, and ironganicisibstance tayes2formeddiithyuniform
thickness on at least the surface having the depressions and protrusions pattern of the aforementioned
resin layes 8, anel h6 admaold celeasengentllayerd formed-withaunitosnt thiekness oa.atdeastihe surface
having the depressions and protrusions pattern of the aforementioned inorganic substance layer 2.
[0026] Thefresinumotdl for nansimprirting okthepresent invertiank164s basically aresindneld having
depressions and protrusions transferred from a surface of a master mold and is formed of a resin;
wherein, thetresirineludesdl mair thaindormed byi(eoypolwnearizationef a menpraer: having an
ethylenic double bond; at least a part of monomers forming the main chain is a reactive 20 monomer
having ancepexy-group; andthe: maimehainds formechby sansing1eaetion of the ethylenic double bond
without ring opening of the epoxy group. [0027] SF-237911 for nanoimprinting of the present invention
are preferabpty: resins, glasses, silicon, sapphire, gallium nitride, carbon, and silicon carbide. [0028]
5The resin used for the aforementioned substrate is exemplified by polyethylene terephthalates,

polycarbonates, palymethylmethacayatess polystyienes. eyclicpalyolefins, palyimides, pelysulfones,
polyether sulfones, and polyethylene naphthalates. 10[0029] The resin used for the

aforementioned substrate: may be ivthe farm.of aplate-dike.of invtheform.of a fila-like, Piate-like forms
are exemplified by a polymethylmethacrylate plate, polycarbonate plate, polycycloolefin plate, or the

like. 15 FilmlikeSorms are exemplified by-palyethylenertsreohthalate film, pglycarhonate film,

polyester film, polyolefin film, polyimide film, poly sulfone film, polyether sulfone film, and polyethylene

napfghalate film, erthe like. [0030] 20When the resin mald fornagoimprinting of the present invention
has the aforementioned type of substrate, and when the substrate is plate-like, normally, thickness of
the plate-like substrate is in the range of 0.1 to 100 mm. By using a plate-like substrate of this

thickness, although flexibility of the obtained
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20 SUMMARY OF INVENTION
Problem to be Solved by the Invention
(0014]
An object of the present invention is to provide a resin

mold for imprinting without transfer defects, that has excellent



SF-237912 resin mold for nanoimprinting declines somewhat, the resin mold for nanoimprinting itself
becomes $ésigtant to the occurrence of loss of shafpe. Moreover, when a film-like substrate is used, the
thickness of the film-like substrate is normally in the range of 5 30 to 300 pm. Due to use of this
film-like substrate, the resin mold for nanoimprinting has suitable flexibility, and this type of film-like
substrate may be used, for example, by wrapping the mold around a roll. [0031] 10The resin mold for
nanoimprirtihg ofithe presentinvedtionnhbkea resin tayer bre tiesurface df thedfotementicred
substrate. [0032] This resin layer is a copolymer of a monomer having an ethylenic double bond
composingthe anaincchain ofi theiresim afects havihgra menomerr(epbxry gradg-containinganonomer)
having an epoxy group as well as an ethylenic double bond. [0033] Taking the total of component units
forming thermesimiayentebe 100 percent by weight, therresimforming the-aforementioned 26 resin
layer normally includes from 1 to 50 percent by weight, and preferably includes from 20 to 40 percent
by weightdotthenconstituent unit-derived/fiomdhe epoxy:grouptontaininghunsadtrates: monpmer.
When the resin is formed using this amount of the epoxy group-containing unsaturated compound, the
epoxy SFE-287943 value ofthe resircisenoranallyanithin the sange-ef#.0x1074 ta 45:0%:07%2; and
preferably is within the range of 1. 4x1072 to 2 . 8x10-2. [0034] In the above described manner,
the resin formingithe resiniSimald dor naneimpraiing etthepresent inventionhas an epaxyyalue, and
ring opening of the epoxy groups during copolymerization of the resin must not be allowed. [0035] That
is to say, akertusing e pgnventional resinmeld ferd G rareimprintiag, compatibility between the
resin layer and the mold release agent layer was low, resulting in shedding of the mold release agent
layer over a short time interval. The shot count of uses of this resin mold for nanoimprinting was low,
and there was a need for frequent replacement of the resin rr,c)ld for 15 nanoimprinting. An inorganic
substance dayer had beensformedbetween the mold release agent layerandthe resin layer to solve this
type of difficulty. By interposing this inorganic substance layer, although compatibility between the
molgdyreleage agent layer and the inorganic substance layer was improved, and compatibility 20
between the mold release agent and the resin layer was improved, compatibility between the resin
layer and the conveatiopalinorganic substance:layarwas not necgssarily sufficient. However, due to
use of a resin layer that includes constituent units derived from the epoxy group-containing

unsaturated-mONOMENi d having depressions and protrusions transferred from
a surface of a master mold are formed on the surface; the mold
resin comprises a main chain formed by {(co)polymerization of a
15 monomer having an ethylenic double bond; at least a part of the
main chain is formed with a reactive monomer having an epoxy group;
and the main chain is formed by causing reaction of the ethylenic
doubkle bond without ring opening of the epoxy group of the reactive

monomer.

20 [0016]

In this manner, due to polymerization through the ethylenic
double bond without ring cpening of the epoxy group, it is possible
to forma robust resinmold, and non-ring opened epoxy groups exist

at the resinmold surface. These epoxy groups extend as side chain



SF-237914 a resin mold having high durability to repeated use and high compatibility between the
resin laye? BndtAé& inorganic substance layer is obfained. [0036] 5The resin forming the resin layer is
exemplified by monomers forming thermoplastic resins, thermosetting resins, or photo-curable resins.
Preferred examples of resins forming this type of resin layer are acrylic type resins, styrene type
resins, olefin type resins, and acrylic urethane type resins. More 10 preferred examples of such resins
are polymefiyimidtRatRfate, E9eoolefin fesins st Byiené resins. Theraenémersifornsing this type of
resin are monomers that do not include a group that is reactive toward the epoxy group-containing
monomer$2[0RB 7] A5ExArAples afy rAsthiacy | atectlypemorcmers ndedfor the presentinvertion
include alkyl (meth)acrylates such as methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl
(meth)aciylste, hrsutgimeth)dcrplatasobutylémeth)depgateiclsiyl Thus, due to the
(meth)acrylate,2-ethylhexyl(meth)acrylate,lauryl 20(meth)acrylate,stearyl(meth)acrylate,isobornyl
(meth)ac§tte termthe like.00388] or Mareovencexamples of styrenettype mbagrersikciude styrene,
a-alkyl styrene, or the like. SF-237915 [0039] Examples of olefin type monomers include linear
olefirls hawingt2 to 20 darboreatbms suph asrathyilense propylens; hexehe, orthe! likeyandeyclic
olefins. 5By reaction between this type of monomer and the ethylenic double bond of the epoxy
group-contairihg snoaomer, thelimairechair of the respofosming:thecresire layer afthérpresent invention
is formed while leaving the rings of the epoxy groups unopened. [0040] 10That is to say, the resin
layer of tHeopresent imyentiohiis@ capoipnier Dftareepoxy grodpidentamning:monomenanda monomer
for forming the resin as described above. This epoxy group-containing monomer has an epoxy group
and also has ancettiylene=groupcapable of eapolymerizationwithy thel monamerat eompesing the
aforementioned resin. [0041] Examples of such epoxy group-containing monomers include
glycidyl nfethacrylate; 4:hyeroxybutykglycidy iether ordhedikes fer of the mold release

10 agent layer and the inorganic substance layer to the transfer
object during imprinting.
[0017]
Furthermore, the oxide layer is strongly bonded to the resin
surface. Thus the geometry of the resin mold for nancimprinting

15 of the present invention is resistant to distortion.

ADVANTAGEQUS EFFECTS OF INVENTICON
[6018]
The resin mold for nanoimprinting of the invention of the
20  present application is capable of imprinting without transfer
defects. Moreover, by arrangement of an inorganic substance
layer between the resin layer and the meld release agent layer,
adhesion between each of the lavers of the resin mold for

nancimprinting becomes good. Thus after imprinting, there is



20[0042] The above described type of epoxy group-free monomer and the epoxy group-containing
monomersarexgacted at a weight ratio that is norngally from 99 : 1 to 40 : 60, and preferably is from 80
: 20 to 60 : 40. SF-237916 [0043] These monomers may be reacted by polymerization methods
such as photopolymerization, thermal polymerization, or the like. By substantially avoiding the use of
catalysts and groups reactive 5 with the epoxy ring, it is possible to form the main chain of the resin by
selective eactioh«af theethyleniec: deublelhong withowut alawing: rirgopening efithe: epaxygioup via
various polymerization methods. Since any ring opening reactions of the epoxy group hardly progress,
the epoxy-value«of theriesin abtained:d0xp this mannermayhe:teadily ealculated based arrthe utilized
amounts of monomers. [0044] That is to say, the epoxy group is present as a side chain of the
main chainsstruciure-afthedgesin foraming theeesin layer- 16 andhherepioxy grauptisaatdnelyded in the
main chain structure of the resin. [0045] During this photopolymerization, a catalyst may be used
for causing:the; reastiambetweenstherethylenie dosible bordshyormali2d se agent layer,
photopolymerization.Moreover,the photopolymerization reaction may be performed in the presence or
absence gha reaction-selvept. d hesireadiation; ight engrgy isipeemalltfroprsde 100-mywsesond, and
preferably is from 10 to 80 Wsecond. [0046] SF-237917 In the aforementioned type of resin layer
of the resinemoldifar paneimprinting of the present invention, there is amain chain structure formed by
mutual bonding of ethyl enic double bonds, and, in the part using the epoxy group-containing
monomer; the epoxy 5 group that has not been subjected to ring opening is present as side chains.
The epoxy value of the resin forming the resin layer at this time is the value corresponding to the

amount of the ep@xy, group-coptairing menamer ysed asdescribed above JQQ47L10RBy aganging the
inorganic substance layer between the mold release agent layer and the resin layer that has the

unopened,gpex-groyps.shedding fé theiropganic substance.layer. from, the resinjayer gogs not
ity

easily occur due to high compatibility between this epoxy group and the Inorganic substance layer.

Furhermare, due.15 W stbsiantially Bighcompatblity:detueen he. inorgagie subsiancedayer and the

mold release agent layer, inter-layer separation befween the inorganic substance layer and the mold

release agentlayer alsg does pat easily;aecur-[00481 20Thus ;eyen after, repeated imprinting, the

resin moldfor nanoimprinting of the present invention is resistant to shedding of the mold release

agent layer, of the mold rejsase agent layer,apd the narganic subsiancedaygr from the gesin layer. A
single resin mold for nanoimprinting may be repeatedly used for a
of the present application is readily used for imprintingmulitiple
times without peeling of the resin ilaver from the substrate and/or
15 mold release agent layer. Moreover, defects such as cracks or
the like in the resin layer due to the imprinting do not occur.
[0020]
The resin meld for nancimprinting of the inventicn of the
present application canbe inexpensively mass produced since resin
20 i1s used for the main body.
[0021)
Furthermore, thickness of the inorganic substance layer of

the resin mold for nanoimprinting of the invention of the present

application is less than or equal to a fixed value. Depending



SF-237918 imprinting count (transfer count). Although it is extremely unusual to exceed a transfer
count of 20-whery gsing a single conventional resingmold for nanoimprinting, by use of the resin mold
for nanoimprinting of the present invention, there is almost 5 no problem for the resin mold for
nanoimprinting even when 20 transfers have been made, i.e. there is hardly any occurrence of
decreased water contact angle, incomplete transfer pattern, or the like. [0049] 10Moreover, the resin

mold for naneimpsinting of the presentdnventian issfermead from the resin Jaygras desgribedpbove,
and thus has the advantage of being resistant to the occurrence of cracking in the resin layer and also

in the inorgapic sybstance laver,16[0030k 1 Jhickpess of the resin layer having the aforementioned

structure is normally from 15 nm to 50 pm, and preferably is from 100 nm'to 5 um. When thickness of

the resin laygr.ig B&&b%@ﬁ%@@%@%@?%&bﬁge@}'aggﬂ%&atﬁ@gw Jar2Q withstapding

stamping, has good smoothness, and is readily handled. [0051] Here, "thickness of the resin layer"

means the distance ,SH-237919,0f _I'Lt;lgtgggre&gioeﬁéangi@;rggrusions of the surface. [0052] The

aforementioned resin layer has a desired depressions and protrusions geometry on the surface of the
resinjayer. 5[0053] The "desired geometry" is normally a depressions and protrusions pattern that
has a fixed repeat frequency. That is to say, this is a depressions and protrusions pattern that

preferably, has a f@gggggg@{ ca t%gg R, gg g1 of 10 cm 10to 50 pm, and a transferring surface

of 1.0 to 1.0 x 106 mm2. [0054 Specificexamplesofdepressionsandprotrusionsgeometries include
mOth'eye{B'&e%{] columnar, monolithic, conical, multi-sided pyramidal, and micro-lens shaped.
15[0055] e inorganic substance layer is formed on the surface of the resin layer where the

depressions and ér’ugtlos%so%tt%ré is %%.g%ﬁ?d in (éhf afor{grr{]&n}[{oned manner. QQSG 20Tr}i1et|norgan|c

substance layer of the present inventio ied from an inor a%%ggl%}ﬁance or i 5%%% c oxide, and
preferabl |ns fgrntweg from an inorganic oxide. More preferred examples of the inorganic oxide include
Si02, Zr02, fn(s, %aEOS, Hf02, ITO, FTO, and Ti02. Even more preferred examples include

SF-237920
%g_ FIG. 2 shows the method for producticn of the resin mcld

for nancimprinting of the present invention.

FIG. 3 shows the method of use of the resin mold for
nanoimprinting cof the present invention.

FIG. 4 shows the method of use of the roller type resin mold

15 for nanoimprinting.

DESCRIPTION OF EMBODIMENTS
[0023]
1. Resin Mold for Nanoimprinting
20 The resin mold for nanoimprinting of the present invention
will be described below while referring to figures.
[0024]
The resin meld for nanoimprinting of the present invention

is a resin mold for nanoimprinting that has a multi-layered



Si02, Zr02, Ta205, Hf02, ITO, and Ti02. The inorganic substance is more preferably Si02 or Ti02.
These oxidEs #@a\?be used as one type or as a cohdbination of multiple types. [0057] 5The
aforementioned inorganic substance layer may be formed by various types of methods. A preferred
method uses a target of the metal corresponding to the aforementioned inorganic substance, and
causes vapor phase deposition by vacuum deposition, CVD, sputtering, or the like. Oxidation occurs
during vaptrr1@ tepesitidn iruthis atashery ahd fimosecases, af akxide, wazbidep ot nitride. is.deposited
on the surface of the resin layer. [0058] Furthermore, the inorganic substance is preferably
depositediéomd ihe resin layer, onto which the aforementioned 15 inorganic substance layer is formed
for attachment, while the resin layer is rotated or revolved. Moreover, the inorganic substance is
preferably deposit@daindes ratationandaevelotem iniopposite directidns, eash forraofixedftime interval.
By deposition of the oxide in this manner under rotation or revolution, 20 it is possible to form an
inorganicsabstance layet that hasbighesanifoimity{0068] Ther, fheiinorggrie suhstance tayer
formed in this manner SF-237921 the resin layer without a gap, becomes indistinguishably intermixed
with the nonaringiopened=epexypgrotipsspresentas sideichains obthe resindermaing the resia layer, and
greatly improves compatibility with the resin layer and the inorganic substance 5layer. [0060]
Thickness: ot theninartgamic:sulstasee iayer formeackinithe aforementiosed snarnesisnermaly from 0.5
to 100 nm, preferably is from 0.5 to 20 nm, and more preferably is from 1 to 10 nm. When 10 thickness
of the inorganic syhisiasce dayeris Jessithan theyatorementioned dewes linit, thedrerganic substance
layer sometimes does not function, i.e. does not improve compatibility between the mold release agent
layer andithe fesin layer: kngberamorg: somatimes the furclios efzmaiiainieg ssfase dor 45 of the
resin layer is not realized. Moreover, when thickness exceeds the aforementioned upper limit, the

depressionsanpgd pratrusionssgeameinnfarmed in the-surfacerafthedesinslayer spmetimes;ig buried by
the inorganic substance layer, and there are further instances in which cracking occurs in the inorganic

20 substancelayerd006H: =gdhe atojementioneddaorganic sHbstansedayerndormedpen the resin
mold for nanoimprinting of the present invention is formed of uniform thickness on at least the surface

having the depressians SF:237 922 :and pratrusigns patternsof the resin layers fheexpression

"uniform thickness" means substantially uniform thickness, and means a thickness that is uniform

within a standard deviationof 0: L1 45, Theteforethe surfage of the inorganic substance layer 5
maintains the surface geometry of the resin layer. [0062] The mold release agent layer is formed

on the surfage of the inorganic substance layer formed in the aforementioned manner. [0063] 10The
"mold release agent" is a component that lowers the

The resin mold for nanoimprinting of the present invention
15 is basically a resin mold having depressions and protrusions
transferred from a surface of a master mold and is formed of a
resin; wherein, the resin includes a main chain formed by
(co)ypolymerization of a monomer having an ethylenic double bond;
at least a part of moncmers forming the main chain is a reactive
20  monomer having an epoxy group; and the main chain is formed by
causing reaction of the ethylenic double bond without ring cpening
of the epoxy group.
[0027]

Examples of the type of substrate composing the resin mold



surface energy of the demolding surface and aids in demolding. [0064] The mold release agent
layer is carfip@sSed of mold release agent, preferalily fluorine type silane coupling agents, perfluoro 15
compounds having an amino group or carboxyl group, and perfluoroether compounds having an amino
group or carboxyl group. More preferably, the mold release agent layer is composed of at least one
type selected from among a group that includes fluorine type silane coupling agents. At least part of
the mold feleaser2ii agentlayerdarmedamttis araniertonds-and cogples avitibthe irarganic
substance layer therebelow and causes an expression of high compatibility between the inorganic
substance layetand thelmotchreleaseiageant layerl [0065] 1 SkF4237 923: rbol hiaekiess of thisitype of
mold release agent layer is normally from 0.5 to 20 nm, preferably is from 0.5 to 15 nm, and more
preferablyisrindm<0.5 to 10 nm. [0066] 5The aforementioned mold release agent layer is formed of
uniform thickness on at least the surface having the depressions and protrusions pattern of the
inorganic supgtance layer. The expression "uniform thickness" means substantially uniform thickness,
and means a thickness that is uniform within a standard 10 deviation of 0.1 to 10. Therefore the
surfage of the mold:release agent:layer nmaintains 4he sprface ggometryof theesinslayer.q8067]

The mold release agent layer that has this type of structure has a pure water contact angle of the mold
release agentiayer: 1Ssugceshatis normally greatentham or ggual,to 100 degrees preferably is
from 100 to 130 degrees, and more preferably is from 100 to 120 degrees .e. surface tension is
extremely,smathethatinde say.when the copfactangle ds within the afarementiopedJange, ease of
wetting by liquid is low. Thus when the liquid 20 resin for imprinting is coated onto the surface of the
mold relegse paentlayerdbis,passile &a suppressdmavement-ghihe resihotihe mold release agent
layer surface, and demolding of the imprinted resin from the mold release agent layer surface
becomes.gasy+ FHithermnore, even when imprinting is repeatedly performed, SF-237924 the degree of
change of the pure water contact angle is small, and this resin mold may be used for a long time
interyal. [pB68]A depressions and protrusions pattern repeated at a fixed 5 frequency is formed on the
surface of the resin mold for nano imprinting of the present invention having the layered structure as

described above {0069 s ; , 1, sERIS RAltarnds preferably formedsata frequency of gﬂo@mﬂfpto S0 pm.

[0070] Moreover, a surface pattern geometry period of 20 nm to 500 nm is preferred for use in

semicondyelor materials, media. aptical elements, orthe like, A-syrface pattern geomefry,period of

200 15 nm to 20 pm is suitable for optical material applications such as prisms, micro lenses, or the

e, T B A o spreperongd s MR 0, o

polycarbonate plate, polycycloolefin plate, or the like.

15 Film-like forms are exemplified by polyethylene terephthalate
film, polycarbonate film, peolyester film, polyolefin film,
polyimide f£ilm, poly sulfone film, polyether sulfone film, and
polyethylene naphthalate film, or the like.
[0030]

20 When the resin mold for nancimprinting of the present
invention has the aforementioned type of substrate, and when the
substrate i1s plate-like, normally, thickness of the plate-like

substrate 1s in the range of 0.1 to 100 mm. By using a plate-like

substrate of this thickness, although flexibility of the obtained



[0072] That is to say, as shown in FIG. 1, thickness of the resin layer is taken to Y, and depth of
the patterfifis fakeh to be X. Then the relationshipi8etween thickness of the resin layer and
SF-237925 pattern depth is normally in the range of Y = X to Y = 15X, preferably is in the range of Y =
2X to Y = 12X, and more preferably is in the range of Y = 3X to Y = 10X. When thermal imprinting or
the like is performed during production of the resin mold when the 5 resin film thickness is less than 1
times the patternelght! e paterBeightéfhemasicraiolds ot féflecidd. Mosdovaritithe case
this ratio is greater than or equal to 15-fold, the resin of the transfer part runs out due to pressing
(normally‘&@ 20 My Uty thesnal irprinting Wieh dnsresiremold fot 110 manoimpeintingd$ produced,
numerous protuberances are formed by the excess resin at the flank of the master mold, and it
becomes diffisuttiic:forivea redipraoldahat Wasra arfifokmrttaristerrings $uddce 60738} d 5Furthermore,
although no particular limitation is placed on the surface area of the transferring surface, this is
normally froAt&bewtsl Ota- e X 1062 Idrkienprivitirgrwork. {6074 AlRAyyh ma: particutaydimitation is
placed on the geometry 20 of the depressions and protrusions, specific examples of the form include
mothieyedike; dindal, colummras, monotithic,fcamical, polyrsidedpyramidal zimicrotderstikej or the like.
2. Method of Production of the Resin Mold for Nanoimprinting The resin mold for nanoimprinting of the
present invertiche SF-237926 may-he praduced by aprocess havinygithe folewing:stepsype (1) a
step of applying an active energy beam-curable composition including 1 to 50 parts by weight of an
epoxy graup-Cohtaifingeussaturated eompoured (sased 6011 60:pantd by Soweighirof the totad
composition) onto a substrate; (I1) a step of contacting the aforementioned active energy
beam-curableicemposition againist a mold, irradiating active energy beam, transferring a depressions
and protrusions pattern formed in the surface of the aforementioned mold, and forming a 10 resin layer
having les® ti¥dn or equal to 15 percent change of epoxy value relative to epoxy value of the
aforementioned active energy beam-curable composition; (1) a step of forming an inorganic
substance layer ofuniferai thiskness on atdeasta stutface haying a<lepressionsang:1s peetrusions
pattern of the aforementioned resin layer; and (IV) a step of forming a mold release agent layer of
uniform thigskness=cr at least therswface havingdherdepeessionsane prefrusionspaties ef the
aforementioned inorganic substance layer. 20[0075] The method of production of the resin mold for
nanoimprimtgepewill be described in reference to figures. [0076] SF-237927

This resin layer is a copolymer of a monomer having an
ethylenic double bond composing the main chain of the resin, and
15 having a monomer (epoxy group-containing monomer) having an epoxy
group as well as an ethylenic double bond.
[0033]
Taking the total of compenent units forming the resin layer
to be 100 percent by weight, the resin forming the aforementioned
20 resin layer normally includes from 1 to 50 percent by weight, and
preferably includes from 20 to 40 percent by weight, of the
constituent wunit derived from the epoxy group-containing
unsaturated monomer. When the resin is formed using this amount

of the epoxy group~containing unsaturated compound, the epoxy



same reference numerals. [0077] The method of production of a resin mold for nanoimprinting
that has &foue-fadfer structure will be explained in t8ference 5to FIG. 2. [0078] A substrate 4 is
prepared as shown in FIG. 2(a). [0079] A resin layer 3 is formed on the substrate 4 as shown in
10FIG. 2(b). [0080] Next, by contacting the mold against the aforementioned resin layer 3 as
shown in FIG. 2(c), the depressions and protrusions pattern formed on the surface of this mold is
15transferredite tlvd suHface of the resimiayen [0981]i thiTheleafterrasshdivi iMFIG. 2(d); the
inorganic substance layer 2 of uniform thickness is formed on at least the surface having the
depressichstandoptetrusiopspittery bf the R0afoieniéntioned cesin layer B) [0082] . & x THéreafter as
shown in FIG. 2(e) the mold release agent layer 1 of uniform thickness is formed on at least the
surface havifig4he depressions and protrusions pattern of the SF-237928 aforementioned inorganic
substance layer 2. [0083] Each of these steps will be explained below. The substances composing
each of the layerdfortthe rgsinymeied formarngimprintiag 5 are:the same-asthose descrilzed in the
above description of the resin mold for nanoimprinting. [0084] <Step (I): applying an active energy

beam-curableicompositionrigelidingfrony to=50partshy: weight obarrepoxy: groupycoatairing 10
unsaturated compound (based on 100 parts by weight of the total composition) onto a substrate>

The activerefierdy. heapestirable composition: contains thel epaxyygraup-centaining unsatusated
compound in the amount of 1 to 50 parts by weight, and preferably 20 to 40 parts by weight
the resin must not be allowed.
[0035]
That is to say, when using the conventicnal resin mold for
16  nanoimprinting, compatibility between the resin layer and the mold
release agent layer was low, resulting in shedding of the mold
release agent layer over a short time interval. The shot count
of uses of this resin mold for nanoimprinting was low, and there
was a need for freguent replacement of the resin mold for
15 nanoimprinting. An inorganic substance layer had been formed
between the meld release agent layer and the resin layer Lo solve
this type of difficulty. By interposing this inorganic substance
laver, although compatibility between themold release agent layer
and the incrganic substance layer was improved, and compatibility
20  between the mold release agent and the resin layver was improved,
compatibility between the resin layer and the conventional
incrganic substance layer was not necessarily sufficient.
However, due to use of a resin laver that includes censtituent

units derived from the epoxy group-containing unsaturated monomer,



15 (relative to 100 parts by weight of the total composition). Furthermore, the active energy
beam-curéable2coniposition preferably further contais (meth)acrylate. The (meth)acrylate content is
preferably from 50 to 99 parts by weight, and more preferably is from 60 to 80 parts by weight. When
the 20 aforementioned composition includes the epoxy group-containing unsaturated compound within
the aforementioned range, adhesion between the resin layer and the substrate and adhesion between
the resin layerancd theahdldrelease dagerit layer are. good. Examples of the epoxy=graup-centaining
unsaturated compound and SF-237929 the (meth)acrylate are as described above. [0085]
Moreovergthgafoiénméntionbd actiee energy=hdanieyrablecompesitionrsphstantaltyseeniains no
compound that reacts with 5 the epoxy group, e.g. does not contain a crosslinking agent, carboxyl
group-coritaining eampbtrd,rerccationic or anionic type initiation agent, or the like. Since the
aforementioned active energy beam-curable composition does not contain such compounds, the rings
of the epoxycgreups of the epoxy group-containing 10 unsaturated compound remain closed in Step
(IN. It is thought that adhesion between the resin layer and the substrate and adhesion between the
resinslayer and thenrole:telease agent layer besome goed as a-restil: Here,dhe expression "contains
substantially none" means that the content of the constituent 15 units of the resin that are derived from
compounds eapable of-teacting withrthe epexygroup (relative-tosk00-paris byrweight of the total
composition) are from 0 to 10 parts by weight, preferably are from 0 to 3 parts by weight, and more
preferably, are: from.Q-parts by-weight. 20[0086}--q dheaforementioned agtive energy peam-curable
composition is coated on the substrate by spin coating, spray coating, bar coating, lip coating, slit
coating, o 4pe like. Refails of the-substrate-afie asidessribed ahove,  SF=237930,1008d;53tep (11):
contacting the aforementioned active energy beam-curable composition against a mold, irradiating

active engrgyeam; (apsfering,a depressions andprotrusions, patterp s formed, in theygurface of the
aforementioned mold, and forming a resin layer having less than or equal to 15 percent change of

epoxy valyeJelative to epaxy yale of the aforementigned active energy.peam-cyrable composition>
The mold is contacted against the aforementioned active 10 energy beam-curable composition. Then,

the compgsitien is made to teactby irradiatiop using active energy;heam i form.a resin layer such

that the depressions and protrusions of the mold are transferred to the surface. [0088] 15The surface

of the aforgmentigned aetive energy beam:clirable composition is pressed.agal

petihe guagz, metal
silicon, or the like'mold normally used for imprinting, and irradiation is performe I

using active energy
beam. Althouphnanparticya imitation. is-plaged 9p e sudaes SrPMPt(patigry 20 of the mold, the
surface geometry preferably has a period of 1
[0037] ‘

15 Examples of (meth)acrylate type monomers used for the
present invention include alkyl (meth)acrylates such as methyl
(meth)acrylate, ethyl (meth)acrylate, n-propyl {meth)acrylate,
n-butyl (meth)acrylate, iscbhbutyl (meth)acrylate, t-hutyl
(meth)acrvlate, 2—ethylhexvyl (meth)acrylate, lauryl

20 (methlacrylate, stearyl (methl)acrylate, isobornyl
{(meth)acrylate, or the like.

[0038]

Moreover, examples of styrene type monomers include styrene,

a—~alkyl styrene, cor the like.



nm to 50 pm, a depth of 10 nm to 50 pm, and a transferring surface of 1.0 to 1.0 x 106 mm2. More
preferablys e 3uface geometry has a period of 20snm to 20 pm, a depth of 50 nm to 1 pm, and a
transferring surface of 1.0 to 0.25 x 106=2. Due to such surface SF-237931 geometry, it is possible to
forma sufficient pattern in the resin layer. Preferably, while the mold is maintained for O to 120 seconds
pressed against the active energy beam-curable composition at a strength of 0.1 to 10 MPa, the active
energy 5 héamadurable composition is irradiated using the active energy beam. [0089] Examples
of the active energy beam include X-rays, ultraviolet radiation, visible radiation, infrared radiation, 10
and electron beamx[0090}s o Theliradiationconditions of thel activesenergy deamvisqreferably from
10 to BO mW/cm2 for 1 to 240 seconds. [0091] 15After irradiation using the active energy beam, the
mold anditesindayer sepataticn-bperatiosms performed f0A92k:During:Abe present stepethe,
aforementioned epoxy group-containing unsaturated compound copolymerizes with other 20

monomers:byrthe ethyenicaaouble bond witheat agcompanying ring opening. As a result, there is no
formation of a crosslinked structure derived from ring opening of the epoxy group, and the resin

forming the resin tayerdhas:a strusturedbat entirely. dissolvesishioens ata-gancentation of 10
percent by weight SF-237932 on a solids basis. [0093] Moreover, the epoxy value of the
aforemendigned activeengrahbeapseyrable . compasitioneiihe rasiheompaosing 4he resin;
cf the resin forming the resin layer of the present inventicn is
formed while leaving the rings of the epoxy groups unopened.
[0040]

10 That is to say, the resin layver of the present invention
is a copolymer of an epoxy group-containing monomer and a monomer
for forming the resin as described above. This epoxy
greup-containing monomer has an epoxy group and alse has an
ethylene group capable cf copolymerization with the monomer

15 composing the aforementioned resin.

[0041]

Examples of such epoxy group-containing monomers include
glycidyl methacrylate, 4-hydroxybutyl glycidyl ether, or the
like.

20 [co4z2]

The above described type of epoxy group-free monomer and
the epoxy group-containing monomer are reacted at a weight ratio

that is normally from 8% : 1 te 40 : 60, and preferably is from

80 : 20 to 60 : 40.



5 layer may be calculated based on the blended proportion of the epoxy group-containing monomer
with the offreranéAomers. There is almost no erroién the epoxy value of the resin composition
calculated based on the charged amounts. [0094] 10Change of the epoxy value indicates the
proportion of ring opening of the epoxy group in the resin layer and is expressed by the below listed
Formula (1). [0095] Epoxy value = 100/epoxy equivalentsFormula (1) 15 The amount of change of the
epoxy valiiedd almeasure of the progress of the crosslinking reaction that occurs in the active energy
beam-curing reaction. Although the epoxy value is a value indicating the epoxy equivalents in 100 g of
the resin in the caSecthatastiveene rgyvbeamas ased intthecdhovermaanénrand @hmdacmen20 that is
capable of reaction with the epoxy group is not used, this value roughly agrees with the theoretical
value caleudatéd:froprtherchatrged ammounihef:the kgexi/ygreup-cantaining mamemet JO096% \SF-237933
and when the resin mold for nanoimprinting is used for imprinting, there is no peeling of the resin mold
for nanoimptisting:fromithe substratecant theresisaio separatien betweenthemsoldreteasesagent layer
and the resin layer. The amount of change of the epoxy value being in the aforementioned range
means that the epexygroups imihe epoxy group-cohtainingunsattirateccompiound intheractive
energy beam-curable composition have not been subjected to ring opening in the present step. As a
result, afteeformations efithedesin layet bydheqresest stap, uapaired®lectsop pairs.afithe 10 oxygen
atoms in the remaining unopened epoxy rings express bonding ability with the resin plate, resin film,
glass, inoxganrie shfstanee.gnorgasiciexide o the tike usedioy theyinprganic substanee tayer or
substrate, and adhesion between the resin layer and the substrate and adhesion between the resin
layer andithe Jbinorgamic substanceslayer are excellent {8@94ben 1 1he-amounbakchanga of the
epoxy value becomes this type of value when the active energy beam-curable composition used in
step (1) cepfains gubstantially no cempeunds capakle ©f veastion 20-witlrthe epaxyrgrayp.L. contains
substantially no crosslinking agent, carboxyl group-containing compound, cationic type or anionic type
initiation agenty 9ktheslike= {0098} sRtep4Hh; foyming an inarganisssibstance layer, of uniferm
SF-237934 thickness on at least a surface having a depressions and protrusions pattern of the
aforementigned resin fayerz ome A Normal thin film forming means (e.g. vapor deposition, sputtering,
or the like) is used to deposit the aforementioned 5 inorganic substance or inorganic oxide on at least
the surfage;having the geometry of the resin layer while the deposition workpiece is subjected to
rotation or revolution to form an inorganic substance or inorganic oxide thin film of uniform thickness,
i.e. preferably frog,Q.5 tos100, g, more preferably 1.0-fram:Q.5.1p.20. Mil, and,most preferably from 1 to
10 nm. By performing such rotation or revolution and forming the inorganic substance layer while
changing {heriotation ar sevalution direction every;certain fime: ntenval, thickness;of the formed
inorganic substance layer becomes uniform, and it is possible to 15 correct distortion or the like of the

depressianspnd prasions geametty formegkip thadasiniayey. (039] SieR () iforming.a mold

release agent layer of unitorm thickness
of the resin.
[0045]
During this photopolymerization, a catalyst may be used for

causing the reaction between the ethylenic double bonds by normal

20  photopolymerization. Moreover, the photopolymerization
reaction may be performed in the presence or absence of a reaction
solvent. The irradiation light energy ig normally from 5 to 100
miW/second, and preferably is from 10 to 80 ml/second.

[0048]



on at least the surface having the depressions and protrusions 20 pattern of the aforementioned
inorganic $tibstange layer> On at least the sukface of the aforementioned inorganic substance
layer having the geometry, the aforementioned mold release agent is coated by a normal coating
operation such as dip coating, spin coating, vapor deposition, spraying, or the like. SF-237935
Furthermore, the mold release agent may be a mold release agent diluted by an organic solvent in
which the mold releasé agent disseeso [GLO0]5A ek thie aforehseraioned thating=operatidn, rinse
treatment of the surface of the mold release agent coating film is preferably performed using, for
example, fluorinetypersolvent sachfas!pe fitorshexang.cAlthough theaferementined-hiase:treatment
is preferable in order to obtain a mold release agent layer of uniform 10 thickness, it is permissible not
to perforns rinse treatnfentrkit is possible tdomaintam ehiforhmthicknesscoitthe holdi release agent layer
by the aforementioned mold release agent coating operation. [0101] 15Due to this process, a mold
release agent layeras fonnzeichtihat ipeefgralsly hasoathicknessiofihs ta@ommar moregpreferaply 0.5 to 15
nm, and most preferably 0.5 to 10 nm. [0102] 3. Method of Use of the Resin Mold for Nanoimp
ntings20(HdapmahMethed of \UsebeenTherésintadldfor nangimprnting;of. theopresent invention is
suitable for use for imprinting of a thermoplastic resin, thermosetting resin, or photo-curable resin. In
particularsthesresia ield formanatmprintinguef the preseatinventemis.suitable-SE237a6-for use for
imprinting a photo-curable resin. Thus, in order to allow more efficient completion of the photo-curing
reaction, e tesis molg-farsnaneimprining prefesably diashighb light transmissivity HA resissdg normally
used that has a light 5 transmissivity greater than or equal to 80 percent. The epoxy groups included in
the resin layer of the:kesim meold fornaneoimpeating of thespreseatinyertien remain without having been
subjected to ring opening, and a crosslinked structure is not formed. Thus, the resin does not become
milky-turbjd,cand the 10 resin has a good light transmissivity of at least 80 percent. [0103] An
embodiment of the method of use of the resin mold for nanoimprinting of the present invention will be
desggibed using 6 23.:15[9104] + he Next @sishownin Eie.3(a)atherresinpaeld forhapoimprinting of
the present invention is contacted against the resin 5 surface. [0105] 20Next, as shown in FIG. 3(b),

the resin mold far=naneimprintiag ofifhe-presentinventien ispeelad away, @nd-afeSiNepoxy
groups, shedding of the incrganic substance laver from the resin
layer does not easily occur due to high compatibility between this
epoxy group and the inorganic substance layer. Furthermore, due
15 to substantially high compatibility between the incrganic
substance layer and the mold release agent layer, inter-layer
separation between the inorganic substance layer and the mold
release agent layer also does not easily occur.
[0048]7
20 Thus, even after repeated imprinting, the resin mold for
nancoimprinting of the present invention is resistant to shedding
of the mold release agent layer, or the mold release agent laver
and the inorganic substance layer from the resin layer. A single

resin mold for nanoimprinting may be repeatedly used for a



5 is obtained that has the geometry formed in the surface. [0106] <Process of contacting the resin
mold for maneimiprinting against SF-237937 the remn surface> The resin 5 to be imprinted is
normally a thermoplastic resin, thermosetting resin, or photo-curable resin, and the resin 5 to be
imprinted is normally on a substrate 6. 5[0107] Any substrate may be used without limitation as
the substrate 6 provided that it is a substrate normally used for imprinting, as exemplified by resins,
glasses, siligon; sapphire; gatlium(nitrides tarbon, sitieon caridecordhe like. 10[Q103}enelfa
thermoplastic resin or thermosetting resin is used, it is possible to use the procedure used for thermal

imprintingu nermal thernegplastic resinrertbernoselting resi. Howevear, procassing is:preferably
performed by pressing the mold at a 15 pressure of 0.5 to 50 MPa for a time of 10 to 600 seconds

against thegesisrheaied 10 a-temperaturergreateribanor aatahty, theglass teansition temperature
(Tg). [0109] Any generally used thermoplastic resin or thermosetting 20 resin may be used

without limitatiorf as thertberpeplastie fesin enthermoeseting resing [Q110]4f.a phatg-gurable resin is
used, it is possible to use the SF-237938 resin.However, the procedure is preferably performed by

irradigtionusing astive energy-hram e Ultravielet radiation o the;like) mhilesraainiaiping contact of
the mold against the resin at a pressure of 0.1 to 10 MPa for 0 to 600 seconds. 5[0111] In photo

imprinting-af4he phetoscurableesin sice greater prassurg ig ok required than, that for.thermal
imprinting in the above described manner, it is possible to preferably use various types of

embodimeats.af fhe kesin-meldlon paneimprinting 10.of theipreseptinyention. For.examplg,.a flexible

embodiment of the resin mold for nanoimprinting or the like using a film or the like on the substrate
may be useg.with.advantage for photo imprinting of the photo-curable resin. [0112] 15Any general
photo-curable resin may be used as the photo-curable resin without limitation. [0113] <Step of
Separatinghe ﬁesin and Resin Mold for Nanoimprinting> When a thermoplastic resin or
thermosetting resin is used,

10 Moreover, the resin mold for nanoimprinting of the present
invention is formed from the resin layer as described above, and
thus has the advantage of being resistant to the occurrence of
cracking in the resin layer and alsc in the inorganic substance
layer.

15 [0C50]

Thickness of the resin layer having the aforementioned
structure is normally from 15 nm to 50 um, and preferably is from
100 nm to 5 pm. When thickness of the resin layer is in the
aforementioned range, the resin layer has strength for

20  withstanding stamping, has good smoothness, and is readily
handled.

[C051]
Here, "thickness cof the resin layer" means the distance

between the bottom face of the resin layer and the highest face



20 the resin is cooled to a temperature less than or equal to the glass transition temperature (Tg), and
the resin layea&n® the mold are separated. Witen a photo-curable resin is used, the mold and
resin layer are separated after causing curing of the resin using active energy SF-237939 beam.
[0114] An example was indicated above using stamping and utilizing the resin mold for
nanoimprinting of the present invention. 5 However, the resin mold for nanoimprinting of the present
invention afaytbe wigpped: atcursl anollgrin theibélonsindiCatéd: mannés ta:prepare a resin mold roller
for nanoimprinting, and a feed roller may be prepared. As shown in FIG. 4, the resin film may be
passed bdtween]the resin mold roller for nanoimprinting 10 and the feed roller, this resin film may be
irradiated using an active energy beam such as ultraviolet radiation, and the depressions and
protrusions geomgtry farmedire thel restnimodd: inaylke transfesred ard fixed: teithe-resin fiths. This
method will be described below. 15[0115] <Method Using Roller Type Resin Mold for Nanoimprinting>
The resinandldfernaneimprintingoofdhe present inventioncan befusedasasrollen typexresin mold for
nanoimprinting by wrapping the resin mold upon a roller or the like. 20[0116] A roller type resin
moldsfor napirgprinting is suitable for use for imprinting of a photo-curable resin. As shown in FIG. 4,
the step of contacting the resin mold for nanoimprinting against the aforementioned resin surface

includes pressingithe resir giold SSFy237240-for nanoimprintiog wrappegkente dke seller against the
surface of the resin, and then performing ultraviolet radiation irradiation . [0117] 5In this manner, the

resin molg feranoimpenting of the presentdrventiontisutiized when-using-actoller-{0dd8] s As
shown in FIG. 4, a roller type resin mold for nanoimprinting is a mold of a configuration similar to the

10 aforementigagg resity moldsfonaneinprnting.whergdhemold-isdnantorm yyaund-upen.a roller or
the like with the depressions and protrusions surface oriented outwardly. [0119] A preferred

configuragier of the-roller typesresin malsh for Irnanoimpringingchasa flgxible.structure gf 30 to 300 pm
thickness as a four-layer mold. [0120] The resin mold for nanoimprinting of the present invention
is uged for dmpynting okadhermeplasticresin, dhermasetting, 20 resin. gr phetoscurgble fesin. [0121]
(00547
Specific examples of depressions and protrusions geometries
include moth-eye, .linear, celumnar, monolithic, ceonical,
multinsided pyramidal, and micro-lens shaped.
15 [0G055]
The inorganic substance layer is formed on the surface of
the resin layer where the depressions and protrusions pattern is
formed in the aforementioned manner.
[0056]
20 The inorganic substance layer of the present invention is
formed from an inorganic substance or inorganic oxide, and
preferably is formed from an inorganic oxide. More preferred

examples of the inorganic coxide include $10;, Zr0s, Zn0, Tay0s,

HEfQCp, ITC, FTO, and TiOz. Even more preferred examples include



The various products obtained from the imprinted resin may be used for semiconductor materials,
optical elenierits,’prisms, micro lenses, memory m#@lia, holography, micro-machines, biotech
SF-237941 products, environmental products, and electronic materials such as semiconductors, LEDs,
hard discs, or the like. [0122] A surface pattern geometry period of 20 nm to 500 nm is 5 preferred for
use in semiconductor materials, media, optical elements, or the like. A surface pattern geometry period
of 200 nmBto20 uin i sultable: fortifse in prisms amicrd 1eases Tarctherdikeg {011123] 40ifthe tesin mold for
nanoimprinting of the present invention is a roller type resinmoldfor nanoimprinting, the resin mold may
be used farscontinuqusamhelding,yad SuchiraTalter. typehresin maldiféer nagoimprinting isspreferably used
for producing optically functional films such as a micro lens film, 15 anti-reflective film, or the like.
EXAMPLESg@124] as ZAlthoughtheipreserit inventigr is explaised below further 20 based on
examples, the present invention is not limited by these examples. [0125] In the specification of the
present apglication and in the SF-237942 measurement methods. [0126] <Film Thickness of the
Resin Layer> Film thickness of the resin layer was taken to be the 5 distance between the

bottomn face of therrasina fayemand therhighestlagewithis the surfaserhanvingthe depressipns and
protrusions pattern. [0127] <Film Thickness/Pattern Height> 10This is the value of the resin layer film

thicknessiindicated by Y- within bIG -bdivided byithepatterndeightiindicated byX withinFIG. 1).

£

of the metal corresponding to the aforementioned inorganic
substance, and causes vapor phase deposition by vacuum deposition,
CVD, sputtering, or the like. Oxidation occurs during vapor
10 deposition in this manner, and in most cases, an oxide, carbide,
or nitride is deposited on the surface of the resin layer.
[0058]
Furthermore, the inorganic substance 1is preferably
deposited onto the resin layer, onto which the aforementioned
15 1inorganic substance laver is formed for attachment, while the
resin layer i1s rotated or revolved. Moreover, the inorganic
substance is preferably deposited under rotation and revolution
in opposite directicns, each for a fixed time interval. By
deposition of the oxide inthismanner under rotation or revolution,
20 it ispossible to forman inorganic substance layer that has higher
uniformity.
[0059]
Then, the inorganic substance layer formed in this manner

thoroughly penetrates into the resin molecules of the surface of



[0128] <Cure Shrinkage> 15This was found by measuring width of the concavities or protuberances of
the transf@F peotUet using the below listed formul&i0129] cure shrinkage = ((width of concavity or
protuberance of 20 the transfer product - width of concavity or protuberance of the master mold)/width
of the concavity or protuberance of the master mold) x 100 <Cure Stability> The presence or absence
of tackiness of the surface of the SE-237943 cured product was checked after curing, and this was
evaluated-by thebelow listedecriteria L[0130] oa Thene wasoro:tackmesisabxs Therprvas 4ackiness.
<Thickness of the Inorganic Substance Layer> A thickness measurement device (model F20,
manufacturgc:y Exm@trids Ind hwasused.rideasureme ripvasyperformedoates arbitragy sdeations within
the surface, and the average value was 10 taken to be thickness of the oxide film layer. Uniformity of
thicknessaas. checked!by thesstantiard deyiatien oé thenaforementiongd;bpoints. {0133 «Jhickness of
the Mold Release Agent Layer> 15A thickness measurement device (model F20, manufactured by
Filmetrics:inepavd e iged. Measurenentwad peffarmed ah b arbigraty tocations withis theiswrface, and
the average value was taken to be thickness of the mold release agent layer. Uniformity of thickness
was sheckegdy.the standard deviation of the 20 aforementioned 5 points. [0132] <Surface Geometry
(Pattern)> The period and line width were evaluated by SEM (S-4800, manufactured by Hitachi
High Technelegies Corp.), and depth SF-237944
Thickness of the incrganic substance layer formed in the
aforementioned manner is normally from 0.5 to 100 nm, preferably
is from 0.5 to 20 nm, and mcre preferably is from 1 £o 10 nm. When
10 thickness of the incrganic substance laver is less than the
aforementioned lower limit, the inorganic substance layer
scmetimes does not function, i.e. does not improve compatibility
between the mold release agent layer and the resin layer.
Furthermore, sometimes the function of maintaining surface form
15 of the resin layer is not realized. Moreover, when thickness
exceeds the aforementioned upper limit, the depressions and
protrusions geometry formed in the surface of the resin layer
sometimes is buried by the inorganic substance layer, and there
are further instances in which cracking cccurs in the inorganic
20 substance laver.
[0061)
The aforementioned inorganic substance laver formed on the

resin mold for nanoimprinting of the present inventicn is formed

of uniform thickness on at least the surface having the depressions



(height) was evaluated using an AEM (L-Trace, manufactured by SIl NanoTechnology, Inc.). [0133]
<Surface Simocthfess> 5Surface smoothness of & resin mold for nanoimprinting of the present
invention was measured using an optical interference type surface profiler, (model:WYKO-1100,
manufactured by Veeco) , and the results were evaluated by the below listed criteria. [0134] 100:
There were no irregularities or undulations greater than or equal to 100 nm. [0135] x: There were
irregularitiescor pindulatisns geeater-thanror @fualte 106 15i0A36] <PekbngsxpreTheqresence or
absence of peeling between the resin layer and the substrate of the resin mold for nanoimprinting due
to imprintihgwasScobserved: kisingsh nptical micrescopei(pioductname: 20t kY «100; sagnufactured by
Nikon Corp. ) and was evaluated by the below listed criteria. [0137] YES: There was peeling of the
resin layenérans the Substrates §0138]: SE-237045rm wNO: ithereswas depeeling: afrtherresi layer
from the substrate. [0139] <Cracking> 5The presence or absence of cracks in the resin mold for
nanoimprintibgaftes imprinting fvas-observed bywuse ofiarsoptical daictaseops tproduct naate: LV-100,
manufactured by Nikon Corp., 20x magnification) and was evaluated by the below listed criteria. [0140]
10YES: Thete:wefe sracks is ther resin qpolddergangmptioting {0441k ye r NO: There were no cracks
in the resin mold for nanoimprinting. [0142] 15 <Transfer-attachment>
[0062] '
The mold release agent layer is formed on the surface of
the inorganic substance layer formed in the aforementicned manner.
[0063]
10 The "mold release agent” is a component that lowers the
surface energy of the demolding surface and aids in demolding.
[0064]
The mold release agent layer is composed of mold release
agent, preferably fluorine type silane coupling agents, perfluorc
15 compounds having an amino group or carboxyl group, and
perflucroether compounds having an amino group or carboxyl group.
More preferably, the mold release agent laver is composed of at
least one type selected from among a group that includes fluorine
type silane coupling agents. ALt least part of the mold release
20 agent layer formed in this manner bonds and couples with the
incrganic substance layer therebelow and causes an expression of
high compatibility between the inorganic substance layer and the

mold release agent layer.

[0065]



The presence or absence of attachment of the resin undergoing imprinting to the surface of the resin
mold for nmaneifprinting was observed using an optical microscope (product name: LV-100,
manufactured by Nikon Corp., 20x magnification), 20 and was evaluated by the below listed criteria.
[0143] YES: There was attachment of the resin undergoing imprinting to the surface of the resin
mold for nanoimprinting. [0144] SF-237946 NO: There was no attachment of the resin undergoing
imprinting to the stifacerofdbe reSincmold faypancihprinting. [PA45) sPatiemDefeatger isThe
surface of the resin mold was observed visually and was evaluated by the below listed criteria. [0146]
0: Diffracted tight Wasfsisible [6148] 20xnBiffractetklight Wwas Borvisible..[0148] T ransferCount>
Based on the count of printings that were possible without the occurrence of the aforementioned
"peeling,"retackpgy 't &5 drangfarsattacknent s ansl "pattemn defect,” the transfer count was evaluated
by the below listed criteria. [0149] :
[C065]
5 The aforementioned mold release agent laver ig formed of
uniform thickness on at least the surface having.the depressions
and protrusicns pattern of the inorganic substance layer. The
expression "uniform thickness" means substantially uniform
thickness, and means a thickness that is uniform within a standard
10 deviaticonof 0.1 to 10. Therefore the surface of the mold release
agent layer maintains the surface geometry of the resin laver.
0067}
The mold release agent iayer that has this type of structure
has a pure water contact angle of the mocld release agent layer
15 surface that is normally greater than cor equal to 100 degrees,
preferably is from 100 to 130 degrees, and more preferably is from
100 to 120 degrees, 1.e. surface tension is extremely small. That
is to say, when the contact angle is within the aforementioned
range, ease of wetting by liguid is low. Thus when the liquid
20 resin fcr imprinting is coated onto the surface of the mold release
agent layer, it is possible to suppress movement of the resin of
the mold release agent layer surface, and demolding of the

imprinted resin from the mold release agent layer surface becomes

easy. Furthermore, even when imprinting is repeatedly performed,



30 to 50 times. [0150] 20 0: 20 to 30 times. [0151] x: Less than 20 times. [0152]

10

15

20

57-2379 24

the degree of change of the pure water contact angle is small,
and this resin mold may be used for a long time interval.
[00eg]

A depressions and protrusions pattern repeated at a fixed
frequency is formed on the surface of the resin mold for
nanoimprinting of the present invention having the layered
structure as described above.

[0065]

This pattern is preferably formed at a frequency of 10 nm
to 50 um.
[0070]

Moreover, a surface pattern geometry period of 20 nm to 500
nm is preferred for use in semiconductor materials, media, optical
elements, or the like. A surface pattern geometry periocd of 200
nm to 20 pm is suitable for optical material applications such
as prisms, micro lenses, or the like.

[0071]

Moreover, a depth of the aforementioned pattern is
preferably from 50 nm to 1 pm, and more preferably from 100 to
600 nm.

(00721

That is to say, as shown in FIG, 1, thickness of the resin

layer is taken to Y, and depth of the pattern is taken to be X.

Then the relationship between thickness of the resin layer and



<Resin Solubility> SF-237947 To the monomer mixture of the composition listed in Table 6 was
further adged agglgmixed 10 parts by weight of thedpitiator (Irgacure 184, manufactured by Nagase &
Co., Ltd.). This was fed into a mold to produce a photo-polymerization resin solution of 5 1 mm
thickness, and a polymer was produced by irradiation for 4 minutes using UV light at a wavelength of
365 nm. The result of solubility testing of this polymer at 10 percent by weight solids content in toluene

was evalyated by thebrlow listed crteria. [9153] 100 Thesolids engirely gdissolved 40154},  x:

Solids remained undissolved, or the solution was milky-turbid. [0155] 15 <Epoxy Value> Epoxy value

was indicated;as the.gram, equivalents (squivalents pey,100,9).0f lhe epoxy.aroups includedin a 100 g

sample. The measurement'was performed in accordance with JIS K7236 (1986). To 0.5 g of the

sample used for I65i0 %91%“@)'"& 39 evgluatiomwas adeed 50 Ml gl mixed sglutipn of acelic acid and

toluene (volume ratio=1: 1). Then 0.1 mL of tetraethyl ammonium bromide - acetic acid solution was

added a”9i’ﬁi%(e,‘?,sTE!%ﬁ?f‘g%ﬁt&B?%@ g tration;was perfopmed uising 9, 1N petehlorig acid -

acetic acid solution, the epoxy equivalents were found, and the SF-237948 epoxy value was
@ﬂiﬁﬁiﬂf é:gg“?:%e@@%{g:ﬁ%%‘%’srvﬁ'é‘%éslsOQJEB%XX quivalepts, [16LEyrthermore. gpoxy value
pattern height of the master mold is not reflected. Moreover,
in the case this ratic is greater than or egual to 15-fold, the
resin of the transfer part runs out due to pressing {normally at
20 MPa) during thermal imprinting when the resin mold for
10 nancimprinting is produced, numerous protuberances are formed by
the excess resin at the flank of the master meld, and it becomes
difficult to form a resin mold that has a uniform transferring
surface.
[0C73]
15 Furthermore, although no particular limitation is placed
on the surface area of the transferring surface, this is normalily

* for imprinting work.

from about 1.0 to 1.0 x 10° mm
[0G74]
Although nc particular limitation is placed on the geometry
20 of the depressions and protrusions, specific examples of the form
include moth-eye-like, linear, colummar, monolithic, conical,
poly-sided pyramidal, micro lens-like, or the like.

2. Method of Production of the Resin Mcold for Nanoimprinting

The resin mold for nanoimprinting of the present invention



5 for 0.5 g of a sample solution of 10 percent by weight solids content of the monomer mixture prior to
polymerizatien Higsolved in toluene. [0157] Example 1 10(1) Formation of the Resin Layer A
photo-curable resin solution of 75 parts by weight of isobornylacrylate (IBXA), 15 parts by weight of
dipentaerythritol hexaacrylate (DPHA), and 10 parts by weight of glycidyl methacrylate (GMA) was
spin coated on a polyethylene terephthalate 15 (PET, 0.125 mm thickness) film to obtain a 1,000 nm
thick resiméiim bEhereatter; dnickel=mplth(ZOsmnhsguare transfersibysuttagces85@ nm period, 350 nm
depth) having moth-eye-pattern depressions and protrusions on the surface was pressed at 0.4 MPa
against the resin film, and the=tesiafilnwas,dured asing:UViitradiatien (10 2:miVEm2p1 eninute).
Thereatfter, the resin film was subjected to demolding to obtain a resin sheet imprinted with the
geometrycdhpdatie Of resirftimathickness tedgatiern beight was 6.0= Q58] ) Farmatipn:of the
Inorganic Substance Layer SF-237949 Upon the resin sheet having the imprinted surface
obtained gudng stem{l) i an exide-coatingfitmof SidgwasdormedetlGamithickpess:ky the
rotation/revolution type vapor deposition method to produce the inorganic substance layer. Vacuum
vapos 5 depesitionavasperfarmed forahest 1dniswie ahropn temperatdresysing an optical thin film
coater (OPTORUNOMC-1100). After vapor deposition, the inorganic substance layer was checked
visually to see whether thereawere cragks: er-palierndetects-ebihersuwface geemetry=A40[0459] (3)

Formation of the Mold Release Agent Layer After the laminate of the inorganic substance layer,

the photoreured resindayer and the; substrateebtained durng step (2)-was ginped far-l mipute in a
perfluoro-based fluorine type 15 mold release agent (product name = OPTOOL DSX, manufactured by

Daikin Indystries, bidanthe laminate-was pulled:up apd placed for L hourina wasm.and bumid

environment at 70C and 90% relative humidity. Thereafter, the laminate was rinsed using a fluorine

type solvent(predyct name 5,HP; T, manyfacired Dy ddarves &o-hAQand the fanipate was left for

24 hours in a 23C and 65% relative humidity environment to complete mold release agent layer

treafment. Jhicknesswas.3,am, (01601 BE2 37990 partdZ0 mmsauare ransfeuing syrface. 350 nm

period, 350 nm depth). [0161] The resin mold for nanoimprinting shown'in Table 1 was 5

produced by the aforementioned steps.[0162] = Fheproduced resin mold for panoimprinting was

used to perform the below described imprinting. [0163] 10(4) Photo Imprinting Using the Résin Mold

for Nanoimprinting, -1, lg,zcg%&f) g:photg-curing resin (product name = PAK-02, manufactured by
Toyo Gosei Co., Ltd.) was dropped onto the resin mold for nanoimprinting obtained during step (3), the

droplet was covergd by afog{?&gb%'}at%é%ﬁﬂgo%t Eﬁg]fgzaﬁﬁéa%‘ubstance layer of

uniform thickness on at least a surface having a depressions and
15 protrusicons pattern of the aforementiconed resin lavyer; and
{IV) a step of forming a mold releasze agent layer of uniform
thickness on at least the surface having the depressions and
protrusions pattern of the aforementioned inorganic substance
layer.
20 (00757
The method of production of the resin mold for
nanolmprinting will be described in reference to figures.
[0C76]

The same structures as those of FIG. 1 will be assigned the



15 manufactured by Asahi Glass Co., Ltd.), and a photo-nano imprinter device (manufactured by ng
System Cgr-Lt@)dwas used to perform imprinting &y pressing at 0.4 MPa for 2 minutes, and then
irradiating ultraviolet radiation (10 mW/cm2) for 2minutes. Thereafter, the resin mold for nanoimprinting
was removed, and 20 the mold was checked to confirm that there were no transfer defects. [0164]
Moreover, when this resin mold for nanoimprinting was used SF-237951 possible without problems.
[0165] Exasmpie 2=Except fer usenof-80 parts by weight of isobornyl acrylate 5 (IBXA), 15 parts by
weight of dipentaerythritol hexaacrylate (DPHA), and 5 parts by weight of glycidyl methacrylate (GMA),
a resin mofthfor hanoimprinting was produced in the same manner as that of Example 1. Furthermore,
the obtained resin mold for nanoimprinting was used to perform imprinting in the same manner 10 as
that of Example Iiidherobtained tesiromeld formamoimpeptingrantthesimprntingresultsiare shown in
Table 1. [0166] Moreover, when this resin mold for nanoimprinting was used for 20 consecutive
shots of phote impeEnting dqurintingwas 45:possible without peobiemsa[0167] Examle S-nceExcept for
use of 65 parts by weight of isobornyl acrylate (IBXA), 15 parts by weight of dipentaerythritol
hexaacrylate r2@:(DBHA), and 20 parts by weight of glycidyl methacrylate (GMA), a resin mold for
nanoimprinting was produced in the same manner as that of Example 1. Furthermore, the obtained
resin molddoryganoimprinting was used to perform imprinting in the same manner as that of Example
1. The obtained resin mold for nanoimprinting SF-237952 and the imprinting results are shown in
Table 1. [0168] a sMerep¥es Whensthis-resin mpld foraneimprinting; was used for 20 consecutive
shots of photo imprinting, printing was 5 possible without problems. [0169] Example 4 Except for
use of 75partsby weight of methyl methacrylate (MMA) in place of the isobornyl acrylate (IBXA), use
of 15 parts 10 by weight of dipentaerythritol hexaacrylate (DPHA), and use of 20 parts by weight of
glycidyl methacrylate(GIMA), 2 kesirsmold for-aanoimpripfing wasJqrpduced in the;same manner as
that of Example 1. Furthermore, the obtained resin mold for nanoimprinting was used to perform
imprinting-insthessgme manner 15 as that of Example 1. The obtained resin mold for nanoimprinting
and the imprinting results are shown in Table 1.

[0080]

Next, by contacting the mold against the aforementioned
resin layer 3 as shown in FIG. 2{(c), the depressions and
protrusions pattern formed on the surface of this mold is

15 transferred to the surface of the resin laver.
[0081]

Thereafter, as shown in FIG. 2{d}, the inorganic substance
layer 2 of uniform thickness is formed on at lesast the surface
having the depressions and protrusions pattern of the

20 aforementioned resin laver 3.
[0082]

Thereafter as shown in FIG. 2{e), the mold release agent

layer 1 of uniform thickness is formed on at least the surface

having the depressions and protrusions pattern of the



[0170] Moreover, when this resin mold for nanoimprinting was used for 20 consecutive shots of
photo impzintingy printing was 20 possible withoutgsroblems. [0171] Example 5 Except for use of
30 parts by weight of isobornyl acrylate (IBXA), 15 parts by weight of dipentaerythritol hexaacrylate
SF-237953 (DPHA), and 45 parts by weight of glycidyl methacrylate (GMA), a resin mold for
nanoimprinting was produced in the same manner as that of Example 1. Furthermore, the obtained
resin mold for-rRareimpsintag vasrusedito perfora: aprinting-n the same manner as that of Example
1. The obtained resin mold for nanoimprinting and the imprinting results are shown in Table 1. [0172]
Moreover| whenithis resin mold for nanoimprinting was used for 20 consecutive shots of photo
imprinting, printing was 10 possible without problems. [0173] Comparative Example 1 Except for

use of 25 parts by weightafisohorykperyiate (FEXA) &:partsityaveight of dipentaerythritol
hexaacrylate (DPHA), 15 and 70 parts by weight of glycidyl methacrylate (GMA), a resin mold for

nanoimpriiingonas greducedinthe sarmemanperasthatafExample 4. [Q1 44k kurthermerg, the
obtained resin mold for nanoimprinting was 20 used to perform imprinting in the same manner as that

of Example-4. The abiainedyesinmoldifornanaimprintingand-thedmpsinting results gre shawn in
Table 1. [0175] SF-237954 perform consecutive photo imprinting. Cracks were observed visually at

the 5th shatsand pattarn-defegtswerg.obsarved. [0176] Comparative Example 2 5SExcept for use of 15
parts by weight of isobornyl acrylateE%BXA), 15 parts by weight of dipentaerythritol hexaacrylate

(DPHA), and Z@parts by weight of glycidyl methacrylate (GMA), a resin mold for nanoimprinting was
produced in the same manner as that of Example 1. Furthermore, the obtained resin mold for 10

nanoimprindingwas yised fo,perfarm imprinting,in the same manperas (ALt ¢ Jhe obtained

resin mold for nanoimprinting and the imprinting results are shown in Table 1. [0177] Moreover,

this reshm@%&a&ﬂ%ﬂ%ww yvas used 10 15.perorm-cansecutive photo, imprinting,Patiern defects
were visible at the 10th shot.
1¢  unsaturated compound {based on 100 parts by weight of the total
composition) onto a substrate>
The active energy beam-curable composition contains the
epoxy group-containing unsaturated compound in the amount of 1
to 50 parts by weight, and preferably 20 to 40 parts by weight
15 (relative to 100 parts by weight of the total composition).
Furthermore, the active energy beam-curable composition
preferably further contains (meth)acrylate. The {(meth)acrylate
content is preferably from 50 to 9% parts by weight, and more
preferably 1s from 60 tc 80 parts by weight. When the
26 aforementicned compositicon includes the epoxy group-containing
unsaturated compound within the aforementioned range, adhesion
between the resin layer and the substrate and adhesion between

the resin layer and the mocld release agent layer are good.

Examples of the epoxy group-containing unsaturated compound and



[0178] Comparative Example 3 Except for use of 84.5 parts by weight of isobornyl acrylate 20 (IBXA),
15 parts BFweigiht of dipentaerythritol hexaacrylate (DPHA), and 0.5 parts by weight of glycidyl
methacrylate (GMA), a resin mold for nanoimprinting was produced in the same manner as that of
Example 1. Furthermore, the obtained resin mold for nanoimprinting was used to perform imprinting in
the same manner SF-237955 as that of Example 1. The obtained resin mold for nanoimprinting and
the imprinting résalts ase shawndn Iableak. [@249)-1bed Mbreover, this resin mold for nanoimprinting
was used to 5 perform consecutive photoimprinting.Peelingand transfer-attachment occurred at the
15th shot [ [0d88] Comparative Example 4 Except for use of 70 parts by weight of isobornyl acrylate 10
(IBXA), use of 15 parts by weight of dipentaerythritol hexaacrylate (DPHA), and use of 15 parts by
weight of phenoxyethybaerylate {(ROA]J in-placa of the glysidylmethasedate (GMA); aresirnmold for
nanoimprinting was produced in the same manner as that of Example 1. Furthermore, the obtained
resin molddarts haneimpinting: wasdsed tedperformsimprinting tuthe same manaer-ag that of
Example 1. The obtained resin mold for nanoimprinting and the imprinting results are shown in Table
1. [0881]the oMoteovgrdhis, resingmoldder naraimpsnting was usedde 20-perfermseensecutive
photo imprinting. Cracking occurred and pattern defects were observed at the 3rd shot. [0182]
Comparative Exagple SExceptforuse of 70 pastspyaweightafisebarayl acpiaten SE-234256 (IBXA),
use of 15 parts by weight of dipentaerythritol hexaacrylate (DPHA), and use of 15 parts by weight of
lauryl acryhate: {lA)iipplase of the glycidyimeihacrylate {eMA) a fesinmald fornanaimpyinting was
produced in the same manner as that 5 of Example 1. Furthermore, the obtained resin mold for

nanoimprintinggyasdisedie-neriarm imprnting in-the-same-manner asthat of 8rlad he obtained
resin mold for nanoimprinting and the imprinting results are shown in Table 1. [0183] 10Moreover,

when thist'?‘?éinﬂ@ﬁ@stBBa@@p€§>%W%§H§%@’ peeling and gracking,oceurred.at the 1stshot.
Pattern defects were also observed. [0184
10 unsaturated compcund remain closed in Step (II}. It is thought
that adhesion between the resin layer and the substrate and
adhesion between the resin layer and the mold release agent layer
become good as =z result. Here, the expreszssion "ccntains
substantially none" means that the content of the constituent
15 units of the resin that are derived from compounds capable of
reacting with the epoxy group (relative to 100 parts by weight
cf the total composition) are from 0 to 10 parts by weight,
preferably are from 0 to 3 parts by weight, and more preferably
are from O parts by welght.
20 [0086]
The aforementioned active energy beam-~curable composition
is coated on the substrate by spin coating, spray coating, bar
coating, lip coating, slit coating, or the like. Details of the

substrate are as described above.



Comparative Example 6 15Except for use of 50 parts by weight of isobornyl acrylate (IBXA), 50 parts
by weightf dippentaerythritol hexaacrylate (DPHA}pand O parts by weight of glycidyl methacrylate
(GMA), a resin mold for nanoimprinting was produced in the same manner as that of Example 1.
Furthermore, the obtained resin mold for 20 nanoimprinting was used to perform imprinting in the
same manner as that of Example 1. The obtained resin mold for nanoimprinting and the imprinting
results arg shewn in Table 1. [0185] SF-237957 perform consecutive photo imprinting. Peeling
occurred at the 5th shot. [0186] Comparative Example 7 SExcept for use of 75 parts by weight of

isobornyl agrydate (IBXA), useoeflapars byweightaf dipeniaerydhtel hexaacrdate-(RRHA), and use
of 10 parts by weight of acrylic acid (AA) in place of the glycidyl methacrylate (GMA), a resin mold for

nanoimpringing - was-prieddceshindthe same mapaenas that of J0Example: 1:[9484L; 1 Jzurthermore,
the obtained resin mold for nanoimprinting was used to perform imprinting in the same manner as that

of Examplen.-The obtained rasinmaeldifor nanaipprating aad the impsinting 15.1esylts age shown in
Table 2. [0188] Moreover, this resin mold for nanoimprinting was used to perform consecutive

phote impristing sPeeling ocsurred &t the 8th shet: 20[0183] Corprarative, Example,8.: n fExcept for
use of 75 parts by weight of isobornyk acrylate (IBXA), use of 15 parts by weight of dipentaerythritol

hexaacrylate; (RPHA): anckyse Of 1Q parts.by weight of %@%%,5&%1@&/@!9&@&@@8@% 4HBA) in
n

place of the glycidyl methacrylate (GMA), a resin mold for nanoimprinting was produce e same

manner as thatot-Example. 1. Fwitharnore, the obtained resinmold far nangimprinting, was used to

perform imprinting in 5 the same manner as that of Example 1. The obtained resin mold for

nanoimprifting and,the imprinting Lesults.are shown in Table 2. [0190] Moreover, this resin mold
for nanoimprinting was used to 10 perform consecutive photo imprinting. Peeling occurred at the 15th

shot. [0191] The mold is contacted against the aforementioned active

10 energy beam-curable composition. Then, the compoesition is made
to react by irradiaticn using active energy beam to form a resin
layer such that the depressicns and protrusions of the mold are
transferred to the surface.

[0088]

15 The surface of the aforem@ﬂtionéd active energy
beam-curable composition is pressed against the guartz, metal,
silicen, or the like mold normally used for imprinting, and
irradiation is performed using active energy beam. Although no
particular limitation is placed on the surface geometry (pattern)

20 of the mold, the surface geometry preferably has a period of 10
nm to 50 pm, a depth of 10 nm to 50 um, and a transferring surface
of 1.0 to 1.0 x 10° mm®. More preferably, the surface geometry
has a period of 20 nm to 20 urm, a depth cof 50 nm to 1 um, and a

transferring surface of 1.0 to 0.25 x 10°mm®. Due to such surface



Comparative Example 9 Except for use of 75 parts by weight of isobornyl acrylate 15 (IBXA), use of 15
parts by weaightiafadipentaerythritol hexaacrylate (BPHA), and use of 10 parts by weight of
dimethylamino ethyl acrylate (DMAEA) in place of the glycidylmethacrylate (GMA), a resin mold for
nanoimprinting was produced in the same manner as that of Example 1. Furthermore, the obtained
resin mold for 20 nanoimprinting was used to perform imprinting in the same manner as that of
Example d=the obtgined resindveld-oe nangioyprintisg anddhe wmpsinting resulis-are sbewn in Table
2.[0192] SF-237959 perform consecutive photo imprinting. Peeling occurred at the 5th shot. [0193]
ComparativeyExampie 4 5Exsep;] farse-of-iipaits By weight of isohesayl acrylater JBXA), use of 15
parts by weight of dipentaerythritol hexaacrylate (DPHA), use of 5 parts by weight of glycidyl
methacrylaie {GMA), ancuse 8f 5 paatsyrweightof agrylicacid (AA): gresivdngldferaaneirnprinting
was produced in the same 10 manner as that of Example 1. Furthermore, the obtained resin mold for
nanoimprintiig-was:used ta pesfognimpyinting in the sarme manner asthat gtExample L -the obtained
resin mold for nanoimprinting and the imprinting results are shown in Table 2. [0194] 15Moreover, this
resinsmold dar-nanoimpriting wassusedto perform cansecttiveahnioimprinting At theLQsh shot,
peeling and transfer-attachment occurred. [0195] Comparative Example 11 20Except for use of 100
parts by weight of dimethylsiloxane (EONS) in place of the isobornyl acrylate (IBXA),
dipentaerythritolhexaacrylate (DPHA), and glycidylmethacrylate (GMA), a resin mold for nano
imprintingrwag ¢roduced in the same manner as that of Example 1. Furthermore, the obtained resin
mold SF-237960 for nanoimprinting was used to perform imprinting in the same manner as that of

Example 1. The qhtaiged tesingpold for nangimprinting and thejmprinting resylts age shown in Table

1. [0196] 5Moreover, when this resin mold for nanoimprinting was used to perform photo’imprinting,

peeling and transfer-atachment pecuirred at the, st shot. Rattern defacts were alsa seen, [0197]

Comparative Example 12 10Except for use of 60 parts by weight of dipentaerythritol hexaacrylate

(DPHA) and AQ parts by weight of neopentylglycol acrylate (A-NPG), without use of the isobornyl
acrylate (IBXA) and glycidyl methacrylate (GMA), a resin mold for nano printing was produced in the

same ManpgeLAs that of Example 1. Furthermore,

The irradiation conditions of the active energy beam is
preferably from 10 to 80 mW/cm® for 1 to 240 seconds.
(0081}
15 After irradiation using the active energy beam, the meold
and resin layer separation operation is performed.
[0092]
During the present step, the aforementioned epoxy
group-containing unsaturated compound copolymerizes with other
20  monomers by the ethylenic double bond without accompanying ring
opening. As a result, there is no formation ¢of a crosslinked
structure derived from ring opening of the epoxy group, and the
resin forming the resin layer has a structure that entirely

dissolves in teluene at a concentration of 10 percent by weight



15 the obtained resin mold for nanoimprinting was used to perform imprinting in the same manner as
that of Exarmyale 19 The obtained resin mold for nagwimprinting and the imprinting results are shown in
Table 1. [0198] 20Moreover, when this resin mold for nanoimprinting was used to perform photo
imprinting, peeling and transfer-attachment occurred at the 1st shot. [0199] SF-237961 Table 1
Example Example 2 Example 3 Example 4 Example 5 substrate material layer type of substrate PET
resin layesrcompasitions|RX%A 75 80
[0093]
Morecver, the epoxy value of the aforementioned active
energy beam-curable compositicn of the resin composing the resin
5 layer may be calculated based cn the blended proportion of the
epoxy group-containing monomer with the other monomers. There is
almest ne errcr in the epoxy value of the resin composition
calculated based on the charged amcunts.
[0094]

10 Change of the epoxy value indicates the proportion of ring
opening of the epoxy group in the resin laver and is expressed
by the below listed Formula ({1}).

[(0095]
Epoxy value = 100/epoxy equivalents - Formula (1}

15 The amount of change of the epoxy value is a measure of the
progress of the crosslinking reaction that occurs in the active
energy beam-curing reaction. Although the epoxy value is a value
indicating the epoxy equivalents in 100 g of the resin in the case
that active energy beam is used in the above manner, and a monomexr

20 that is capable of reaction with the epoxy group is not used, this
value roughly agrees with the theoretical value calculated from
the charged amount of the epoxy group-containing monomer.

[0C96]

When the epoxy value is within the aforementioned range,
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and when the resin mold for nancimprinting is used for imprinting,
there is no peeling ¢of the resin mold for nanoimprinting from the
substrate, and there 1s no separation between the meld release
agent layer and the resin layer. The amount of change of the epoxy
value being in the aforementioned range means that the epoxy groups
in the epoxy group-containing unsaturated compound in the active
energy beam-curable composition have not been subjected to ring
opening in the present step. As a result, after formation of the
resin layer by the present step, unpaired electron pairs of the
oxygen atoms in the remaining uncpened epoxy rings express bonding
ability with the resin plate, resin film, glass, inorganic
substance, inorganic oxide, or the like used for the inorganic
Substancelayeroxsubstrate,andadhesionbetweentheresinlayer
and the substrate and adhesion between the resin layer and the
inorganic substance layer are excellent.

[C097]

The amount of change of the epoxy value becomes this type
of value when the active energy beam-curable composition used in
step (I) contains substantially ne compounds capable of reaction
with the epoxy group, i.e. contains substantially no crosslinking
agent, carboxyl group-containing compound, cationic type or
anionic type initiation agent, or the like.

[0098]

<Step (III): forming an inorganic substance layer of uniform
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thickness on at least a surface having a depressions and
protrusions pattern of the aforementicned resin layer>

A normal thin film forming means (e.g. vapor deposition,
sputtering, or the like} i1s used to depcsit the aforementioned
inorganic substance or inorganic oxide on at least the surface
having the geometry of the resin layer while the deposition
workpiece is subjected to rotation or revolution to form an
inorganic substance or inorganic oxide thin film of uniform
thickness, i.e. preferably from 0.5 to 100 nm, more preferably
from 0.5 to 20 nm, and most preferably from 1 to 10 nm. By
performing such rotation or revolution and forming the inorganic
substance layer while changing the rotation or revolution
direction every certain time interval, thickness of the formed
inorganic substance layer becomes uniform, and it is possible tc
correct distortion or the like of the depressions and protrusions
geometry formed in the resin lavyer.
[0099]
<Step (IV): forming amold release agent layer of unifecrmthickness
on at least the surface having the depressions and protrusions
pattern of the aforementioned inorganic substance layer>

On at least the surface of the aforementicned incrganic
substance layer having the geometry, the aforementioned mold
release agent is coated by a normal cecating operation such as dip

coating, spin coating, vapor deposition, spraying, or the like,



transfer pattern moth-ey e moth-ey e moth-ey e moth-ey e moth-ey e pattern height(nm) 350 350 350
350 350 film thickness(nm) 1000 1000 1000 1000;5

Furthermore, the mold release agent may be a mold release agent
diluted by an organic solvent in which the mold release agent
dissclves.
F01060]
5 After the aforementioned coating operation, rinse treatment
of the surface of themold release agent coating film is preferably
performed using, for example, fluorine type solvent such as
perfiucrchexane. Although the aforementioned rinse treatment is
preferable inorder to ocbtain amold release agent layer of uniform
10  thickness, 1t is permissible not to perform rinse treatment if
it is possible to maintain uniform thickness of the mold release
agent layér by the aforementicned mold release agent coating
operation.
[0101]

15 Due to this process, a mold release agent layer is formed
that preferably has a thickness of 0.5 to 20 nm, more preferably
0.5 to 15 nm, and most preferably 0.5 to 10 nm.
[0102]
3. Method of Use of the Resin Mold for Nanoimprinting

20 {1) Normal Method of Use

The resin mold for nanoimprinting of the present invention

is suitable for use for imprinting cf z thermoplastic resin,
thermosetting resin, or photo-curable resin. In particular, the

resinmold for nancimprinting of the present invention is suitable



1000 film thickness / pattern height 2.85 2.85 2.85 2.85 2.85 cure shrinkage 3% 3% _%, 3% 3% cure
stability o ®re-0 7axide film layer type of oxide Si0265102

for use for imprinting a photo-curable resin. Thus, in order to
allowmore efficient completion of the photo-curing reaction, the
resin mold for nancimprinting preferably has high 1light
transmissivity. A resin is normally used that has a light

5 transmissivity greater than or equal to 80 percent. The epoxy
groups included in the resin layer of the resin meld for
nanoimprinting of the present invention remain without having been
subjected to ring opening, and a crosslinked structure is not
formed. Thus, the resin does not become milky-turbid, and the

10 resin has.a gocd light transmissivity of at least 80 percent.
[0103]

An embodiment of the method of use of the resin mold for
nanoimprinting of the present invention will be described using
TIG. 3.

15 [0104]

Next, as shown in FIé. 3(a}, the resin mold for
nanoimprinting of the present invention is contacted against the
resin 5 surface.

[0105]

20 Next, as shown 1in FIG. 3{b), the resin mold for
nanoimprinting of the present invention is peeled away, and a resin
5 1s obtained that has the geometry formed in the surface.
[0106]

<Process of contacting the resin mold for nancimprinting against
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the resin surface>

The resin b tobe imprinted is normally a thermoplastic resin,
thermosetting resin, or photo-curable resin, and the resin b to
be imprinted i1s ncrmally on a substrate &.
5 [0107]

Any substrate may be used without limitation as the
substrate 6 provided that i1t is a substrate normally used for
imprinting, as exemplified by resins, glasses, silicon, sapphire,
gallium nitride, carbon, silicon carbide, or the like.

10 [0108]

If a thermoplastic resin ¢or thermosetting resin is used,
it is possible to use the procedure used for thermal imprinting
a normal thermoplastic resin or thermosetting resin. However,
processing 1s preferably perfcormed by pressing the mold at a

15 pressure of 0.5 to 50 MPa for a time of 10 to 600 seconds against
the resin heated to a temperature greater than or egual to the
glass transition tempsrature (Tg).

[0109]

Any generally used thermovlastic resin or thermosetting

20 resin may be used withcout limitation as the thermoplastic resin
cr thermocsetting resin.

[0110]
If a photo-curable resin is used, it 1s possible to use the

operation normally used for photo imprinting of a photo-curable
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resin. However, the procedure 1is preferably performed by
irradiation using active energy beam (i.e. ultraviolet radiation
or the like) while maintaining contact of the mold against the
resin at a pressure of 0.1 to 19 MPa for 0 to 600 seconds.
5 (01117
In photo imprinting of the photo-curable resin, since
greater pressure is not required than that for thermal imprinting
in the above described manner, it is possible to preferably use
variocus types of embodiments of the resin mold for nancimprinting
10 of the present invention. For example, a flexible embodiment of
the resin meld for naneoimprinting or the like using a film or the
like on the substrate may be used with advantage for photo
imprinting of the photo-curable resin.
[0112]
15 Any general photo-curable resin may be used as the
photo-curable resin without limitation.
[0113]
<Step of Separating the Resin and Resin Mold for Nanoimprinting>
When a thermoplastic resin or thermosetting resin is used,
20 the resin is cooled to a temperature less than or equal to the
glass transition temperature (Tg), and the resin laver and the
mold are separated.
When a photo-curable resin is used, the mold and resin layer

are separated after causing curing of the resinusing active energy
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beam.
[0114]
An example was indicated above using stamping and utilizing
the resin meld for nanoimprinting of the present invention.
5 However, the resin mold for nanoimprinting of the present
invention may be wrapped around a roller in the below indicated
manner to prepare a resin mold roller for nanoimprinting, and a
feed roller may be prepared. As Shown in FIG. 4, the resin film
may be passed between the resin mold roller for nanoimprinting
10 and the feed roller, this resin film may be irradiated using an
active energy beam such as ultravicolet radiation, and the
depressions and protrusions geometry formed in the resin mold may
be transferred and fixed to the resin film. This method will be
described below.
15 [0115]
<Method Using Roller Type Resin Mold for Nanoimprinting>
The resin meld for nanoimprinting of the present invention
can be used as a recller type resin mold for nanoimprinting by
wrapping the resin mold upon a roller or the like.
20 (0116}
A roller type resinmold for nanoimprinting is suitable for
use for imprinting of a photo-curable resin. As shown in FIG.
4, the step of contacting the resinmold for nanoimprinting against

the aforementioned resin surface includes pressing the resin meld



Compara tire Example 1 Compara tire Example 2 Compara tire Example 3 Compara tire Example 4
substrate apateriablayer type of substrate PET resim layer compositio n ISXA 25 15 84.5 70

for nanoimprinting wrapped onto the roller against the surface
of the resin, and then performing ultraviolet radiation
irradiation.
[0117]
5 In this manner, the resin mold for nancimprinting of the
present invention is utilized when using a roller.
[0118]
As shown in FIG. 4, a roller +type resin mold for
nanoimprinting is a mold ¢f a configuration similar to the
10 aforementioned resin mold for nancimprinting where the mold is
in a form wound upon a roller or the 1ike with the depressions
and protrusicns surface oriented ocutwardly.
[C119]
A preferred configuration of the roller type resin mold for
15  nanoimprinting has a flexible structure of 30 to 300 pm thickness
as a four-laver mold.
[0120]
The resin meld for nanoimprinting of the present invention
is used for imprinting of a thermoplastic resin, thermosetting
20 resin, or photo-curable resin.
[0121]
The various products obtained from the imprinted resin may
be used for semiconductor materials, optical elements, prisms,

micre lenses, memory media, holography, micro-machines, bioctech
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products, environmental products, and electronic materials such
as semiconductors, LEDs, hard discs, or the like,
[0122]

A surface pattern gecometry pericd of 20 nm to 200 nm is
preferred for use in semiconductor materials, media, optical
elements, or the like. A surface pattern gecmetry period of 200
nm to 20 pm is suitable for use in prisms, micro lenses, or the
like.

[0123]

If the resin mold for nancimprinting of the present
inventicnis aroller type resinmold for nanoimprinting, the resin
mold may be used for continuous molding, and such a roller type
resin mold for nanoimprinting is preferably used for producing
optically functiconal films such as a micro lens film,

anti-reflective film, or the like.

EXAMPLES
[0124]

Although the present invention is explained below further
based on examples, the present inventiocon is not limited by these
examples.

[0125]
In the specification of the present application and in the

examples, various values were measured by the below described
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measurement methods.
[012¢6]
<Film Thickness of the Resin Layer>
Film thickness of the resin layer was taken to be the
5 distance between the bottom face of the resin layer and the highest
face within the surface having the depressions and prctrusiomé
pattern.
(012717
<Film Thickness/Pattern Height>
10 This i1s the wvalue of the resin layer film thickness
(indicated by ¥ within FIG. 1) divided by the pattern height
(indicated by X within FIG. 1).
[0128]
<Cure Shrinkage>

15 This was found by measuring width of the concavities or
protuberances of the transfer product using the below listed

formula.

[0129]

cure shrinkage = {{(width of concavity or protuberance of

20 the transfer product - width of concavity or protuberance of the

master mold) /width of the concavity or protuberance of the master
mold) x 100

<Cure Stability>

The presence or absence of tackiness of the surface of the
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cured product was checked after curing, and this was evaluated
by the below listed criteria.
[0130]

0: There was no tackiness.

x: There was tackiness.
<Thickness of the Inorganic Substance Layer>

A thickness measurement device (model F20, manufactured by
Filmetrics Inc.} was used. Measurement was performed at b5
arbitrary locations within the surface, and the average value was
taken to be thickness of the oxide film layer. Uniformity of
thickness was checked by the standard deviation of the
aforementioned 5 points.

[C131]
<Thickness of the Mold Reiease Agent Lavyer>»

A thickness measurement device {model FZ20, manufactured by
Filmetrics Inc.} was used. Measurement was performed at 5
arbitrary locations within the surface, and the average value was
taken to be thickness c¢f the meld release agent layer. Uniformity
of thickness was checked by the standard deviaticon of the
aforementioned 5 points.

[0132]
<Surface GeomeiLry (Pattern)>
The pericd and line width were evaluated by 3SEM (5-4800,

manufactured by Hitachi High Technolcgies Corp.), and depth



cure stability o o o o oxidefilm layer type of oxide 5i02 5102 S 02 3i02 film thickness 10 rim 10 nm
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UVnano- imprinting
(height) was evaluated using an AFM {(L~Trace, manufactured by SII
NanoTechnology, Inc.}.
F0133]
<Surface Smcothness>
5 Surface smecothness of the resin mold for nancimprinting of
the present invention was measured using an optical interference
type surface profiler, (medel:WYKC-1100, manufactured by Veeco),
and the results were evaluated by the belcw listed criteria.
[0134]
10 C: There were ne irregularities or undulations greater than
or egual to 100 nm.
[0133]
x: There were irregularities or undulations greater than
or egual to 100 nm.
15 [0136]
<Peeling>
The presence or absence cf peeling between the resin layer
and the substrate of the resin mecld for nanoimprinting due to
imprinting was observed using an optical microscope (product name:
20 LV—lOO,manufacturajbyNikonCorp.}andwasevaluatedbythebelow
listed criteria.
[0137]
YES: There was peeling of the resin laver from the substrate.

[0138]
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NC: There was no peeling of the resin layer from the
substrate.
[0139]
<Cracking>

The presence or absence of cracks in the resin mold for
nanoimprinting after imprinting was observed by use of an optical
microscope (product name: LV-100, manufactured by Nikon Corp.,

20x magnification) and was evaluated by the below listed criteria.

[0140]
YES: There were cracks in the resinmold for nanoimprinting.
[0141]
NO: There were no cracks 1in the resin mold for
nancimprinting.
- [0142]

<Transfer-attachment>

The presence or absence of attachment of the resin
undergoing imprinting to the surface of the resin mold for
nanoimprinting was observed using an optical microscope {(product
name: LV~100, manufactured by Nikon Corp., 20x magnification),
and was evaluated by the below listed criteria.
[0143]

YES: There was attachment of the resin undergoing imprinting
to the surface of the resin mold for nanoimprinting.

[0144]
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NO: There was no attachment of the resin undergoing
imprinting to the surface of the resin mold for nanoimprinting.
[0145]
<Pattern Defects>

The surface of the resin mold was observed visually and was

evaluated by the below listed criteria.

(0146]

o: Diffracted light was visible.
[0147]

*x: Diffracted light was not visible.
rc148]

<Transfer Count>

Based on the count of imprintings that were possible without
the occurrence of the afcrementioned "peeling," "cracking,"
"transfer-attachment, " and "paittern defect, " the transfer count
was evaluated by the below listed criteria.
[06149]

®: 30 to 50 times.
[0150]

©: 20 to 30 times.
[0151]

x: Less than 20 times.
[0152]

<Resin Solubility>
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To the monomer mixture of the composition listed in Table
6 was further added and mixed 10 parts by weight of the initiatoer
(Irgacure 184, manufactured by Nagase & Co., Ltd.). This was fed
into a mold to produce a photo-polymerization resin solution of
5 1 mm thickness, and a polymer was produced by irradiation for 4
minutes using UV light at a wavelength of 365 nm. The result of
solubility testing of this polymer at 10 percent by weight solids
content in toluene was evaluated by the below listed criteria.
[0153]
10 0: The scolids entirely dissolved.
[0154]
x: BSolids remained undissclved, or the solution was
milky~turbid.
[0155]
15 <Epoxy Value>
Epoxy wvalue was indicated as the gram eguivalents
{equivalents per 100 ¢g) of the epoxy groups included in a 100 g
sample. The measurement was performed in accordance with JIS
K7236 (1986). To 0.5 g cf the sample used for resin solubility
20 evaluation was added 50 mL of a mixed solution of acetic acid and
toluene (volume ratio=1:1}). Then 0.1mlL of tetraethyl ammonium
bremide - acetic acid solution was added and mixed. Thereafter,
potentiometric titrationwas performedusing 0.1 Nperchloricacid

— acetic acid solution, the epoxy equivalents were found, and the
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epoxy value was calculated from the formula: epoxy value =
100/epoxy equivalents.
[0156]
Furthermore, époxy value was measured in the same manner
5 for 0.5 g of a sample sclution of 10 percent by weight solids
.content of the monomer mixture prior to polymerization dissolved
in toluene.
[0157]
Example 1
10 (1) Formation of the Resin Layer
A photo-curable resin solution of 75 parts by weight of
isobornyl acrylate {IBXA), 15 partsbyweight of dipentaerythritol
hexaacrylate (DPHAR), and 10 parts by weight of glycidyl
methacrylate (GMA) was spin ceoatedon apolyethylene terephthalate
i5 {PET, 0.125 mm thickness) film to obtain a 1,000 nm thick resin
film. Thereafter, a nickel mold {70 mm square transferring surface,
350 nm peried, 350 nm depth) having moth-eye-pattern depressions
and protrusions on the surface was pressed at 0.4 MPa against the
resin film, and the resin film was cured using UV irradiaticn (10
20  mW/cm®, 1 minute). Thereafter, the resin film was subjected to
demolding to obtain a resin sheet imprinted with the geometry.
The ratic of resin film thickness to pattern height was 6.0.
[0158]

(2) Formation of the Inorganic Substance Layer
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Upon the resin sheet having the imprinted surface obtained

during step (1), an oxide coating film of $i0; was formed of 10

nre thickness by the rotation/revoelution type vapor deposition

method to produce the inorganic substance layer. Vacuum vapor

5 deposition was performed for abeout 1 minute at room temperature

using anoptical thin filmcoater (OPTORUN OMC-1100}. After vapor

depogition, the inorganic substance layer was checked visually

to see whether there were cracks or pattern defects of the surface

geometry.

10 (0159]

(3)

Formation of the Mold Release Agent Layer

After the laminate of the inorganic substance laver, the

photo-~cured resin layer, and the substrate obtained during step

{2} was dipped for 1 minute in a perfluoro~based fluorine type

15 mold release agent {product name = OPTCOL DSX, manufactured by

Daikin Industries, Ltd.}, the laminate was pulled up and placed

for 1 hour in a warm and humid environment at 70°C and 90% relative

-

humidity. Thereafter, the laminate was rinsed using a flucrine

type soclvent (product name = HD-TH, manufactured by Harves Co.},

20 and the laminate was left for 24 hours in a 23°C and 65% relative

humidity environment to complete mold release agent laver

treatment. Thickness was 3 nm.

[0160]

There were no defects or pattern changes in the patterned
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part {70 mm square transferring surface, 350 nm period, 350 nm
depth) .
[01e61]

The resin mold for nancimprinting shown in Table 1 was
produced by the aforementioned steps.
(0162}

The precoduced resin mold for nancimprinting was used to
perform the below described imprinting.
[0163]
(4) Photo Imprinting Using the Resin Mold for Nanoimprinting

.2 mL of a pheto-curing resin {product name = PAK-02Z,
manufactured by Toye Gosei Co., Ltd.) was dropped onto the resin
mold for nanoimprinting obtained during step (3), the droplet was
covered by a polycarbeonate film {product name = Lexan,
manufactured by Asahi Glass Co., Ltd.), and a photo-nano imprinter
device (manufactured by Engineering System Co., Ltd.) was used
to perfoim imprinting by pressing at 0.4 MPa for 2 minutes, and
then irradiating ultraviolet radiation {10 mW/CKF) for 2 minutes.
Thereafter, the resin mold for nancimprinting was removed, and
the mold was checked to confirm that there were no transfer
defects.
[Clo4]

Morecver, when this resin mold for nancimprinting was used

for 20 consecutive shots of photo nanoimprinting, printing was



cure stability o0 o0 0 0 o oxide film layer type of oxide Si02 SiC2 5i02 Si02 Si02 film thickness 10rim 10
rim 10 ring0rkm 79 rim mold release agent layer mpld release agent DSX DSX DSX DSX

possible without problems.
[0165]
Example Z
Except for use of 80 parts by welght of iscbornyl acrvlate
5 (IBXA), 15 parts by weight of dipentaerythritcl hexaacrylate
(DPHA), and 5 parts by welght of glycidyl methacrylate (GMA), a
resin mold for nanoimprinting was produced in the same manner as
that of Example 1. Furthermore, the obtained resin mold for
nancimprinting was used to perform imprinting in the same manner
16 as that of Example 1. The obtained resin mold for nancimprinting
and the imprinting results are shcown in Table 1.
[0166]
Moreover, when this resin.mold for nancimprinting was used
for 20 consecutive shots of photoe imprinting, printing was
15 possible without problems.
[0167]
Example 3
Except for use of &5 parts by weight of isobornyl acrylate
(IBXA), 15 parts by weight of dipentaerythritol hexaacrylate
20 (DPHA) , and Z0 parts by weight of glycidyl methacrylate (GMA),
a resin mold for nancimprinting was produced in the same manner
as that of Example 1. Furthermore, the obtained resin meld for
nancoimprinting was used to perform imprinting in the same manner

as that of Example 1. The obtained resin mold for nancimprinting



DSX resultsof evaluation UVnano- imprinting surface smoothness o o o o o peeling NO YES YES
YES YESszeragking NO NO NO NO NO 59

and the imprinting residlts are shown in Table 1.
[C168]
Moreover, when this resin mold for nanoimprinting was used
for 20 consecutive shots of photo imprinting, printing was
5 possible without problems.
[0169]
Example 4
Except for use of 75 parts by weight of methyl methacrylate
(MMA) in place of the isobornyl acrylate {IBXA), use of 15 parts
10 by welight of dipentaerythritol hexaacrylate (DPHA), and use of
20 parts by weight of glycidyl methacrylate (GMA), a resin mold
for nanoimprinting was produced in the same manner as that of
Example 1. Furthermore, the obtained resin mold for
nanoimprinting was used Lo perform imprinting in the same manner
15 as that of Example 1. The obtained resin mold for nanoimprinting
and the imprinting results are shown in Table 1.
F01707]
Moreover, when this resin mold for nanoimprinting was used
for 20 consecutive shots of photo imprinting, printing was
20 possible without problems.
[0171]
Frample 5
Except for use of 30 parts by weight of iscbornyl acrylate

(IBXA), 15 parts by weight of dipentaerythriteol hexaacrylate



transfer-a ttachment NO NO NO YES NO pattern defect o o o 0 0 transfer count o x x x it [0201]
Example 8r-23Bxcept for change of the master ngald of step (3) of Example 1 to a nickel mold (25 mm
square transferring surface, 165 nm hole diameter, 450 rim period, 165 rim depth, cylindrical column
shape) having circular column-shaped depressions and protrusions on the
(DPHA), and 45 parts by weight of glycidyl methacrylate (GMA),
a resin mold for nancimprinting was produced in the same manner
as that of Example 1. Furthermore, the obtained resin mold for
nanoimprinting was used to perform imprinting in the same manner
5 as that of Example 1. The obtained resin mold for nanoimprinting
and the imprinting results are shown in Table 1.
[0172]
Moresover, when this resin mold for nanoimprinting was used
for 20 consecutive shots of photo imprinting, printing was
10 possible without problems.
[0173]
Comparative Example 1
Except for use of 25 parts by weight of iscbornyl acrylate
(IBXA), bparts byweight of dipentaerythritol hexaacrylate (DPHA),
15 and 70 parts by weight of glycidyl methacrylate {(GMA), a resin
moid for nancimprinting was produced in the same manner as that
o Example 1.
[0174]
Furthermore, the obtained resinmold for nanocimprinting was
20 used to perform imprinting in the same manner as that of Example
1. The obtained resin meld for nancimprinting and the imprinting
results are shown in Table 1.
[0175]

Moreover, this resin mold for nanoimprinting was used to



SF-237965 surface, a resin mold for nanoimprinting was produced in the same manner as that of
Example 4r-Fprhermore, using the resin mold forgsanoimprinting, imprinting was performed in the
same manner as that of Example 1. The obtained resin mold for nanoimprinting 5 and the results of
imprinting are shown in Table 3. [0202] Moreover, when this resin mold for nanoimprinting was
used for 20 consecutive shots of photo imprinting, printing was possible without problems. 10[0203]
Example Ze r foExceptforahange<of thednastempeltthefisten (3) ok ExampleAsto amiekeladold (35 mm
square transferring surface, 75 nm L/S, 150 nm period, 150 nm depth, linear shape) having a linear 15
depressionsandprotrusionssirusturegpthesudaee paresimold darpanoimprsting wasdqereduced in the
same manner as that of Example 1. Furthermore, the obtained resin mold for nanoimprinting was used
to Performgmpsinting in the same manner as that of Example I. The obtained resin mold for
nanoimprinting 20 and the results of imprinting are shown in Table 3. [0204] Moreover, when this
resin molderaaneimprintipngiwasused for 20 consecutive shots of photo imprinting, printing was
possible without problems. SF-237966 [0205] Example 8 Except for change of the coating
amoynt of photo-gurable resip salutign orjothe polysthyleneterephthalate (PET)-50-38 fite obtain a

film thickness of 1,800 nm, and so that ratio of the resin film thickness to pattern height was set to 5.1,

a resin molc:for naneiMprinting was predueed ipdhe sgae:-mapnenas that of Example 1, Furthermore,

using the resin mold for nanoimprinting, imprinting was performed in the same manner as 10 that of

Example 153 kg obtainedresinmold far nanoimprigting apd the resyltspfdmprinting atpghown in

Table 3. [0206] Moreover, when this resin mold for nanoimprinting was used for 20 consecutive

shots of phato dmprinting, prnting was 13 passible without-preblems.: (0207} Example 3, - Except for

change of the coating amount of photo-curable resin solution onto the polyethylene terephthalate

(PET) 50,25 20,10 opain a-film thigkness 043,500, 0m. and, o shatralia of the fesin fim thickness to

pattern height was set to 10.0, a resin mold for nanoimprinting was produced in the same manner as

that of Example, 1, Furthermore .using fhe resin mold for nanaimprinting, imprinting was performed in

the same manner as SF-237967 that of Example 1. The ‘'obtained resin mold for nanoimprinting and

the resultgsoftigéngi%@wg%%gtfgv&n.in -Trﬁgl%gtained resin mold for nanoimprinting
and the imprinting results are shown in Table 1.
(0177)
Moreover, this resin mold for nanoimprinting was used to
15 perform consecutive photo imprinting. Pattern defects were
visible at the 10th shot.
[0178]
Comparative Example 3
Except for use of 64.5 parts by weight of ischbornyl acrylate
20 (IBXn), 15 parts by weight of dipentaeryithritol hexaacrylate
(DPHA), and 0.5 parts by welght c¢f glycidyl methacrylate {(GMA),
a resin mold for nanoimprinting wés produced in the same manner
as that c¢f Example 1. Furthermore, the obtained resin molid for

nanoimprinting was used to perform imprinting in the same manner



[0208] Moreover, when this resin mold for nanoimprinting was used 5 for 20 consecutive shots of
photo impring,7grinting was possible without pratdems. [0209] Table 3 Example 1 Example 6
Example 7 Example 8 Example 9 substrate material layer type of substrate PET resin layer composiio
n IBXA HHHHINNNITZS 75 7 D HA 15 1S
as that of Example 1. The obtained resin mold for nanoimprinting
and the imprinting results are shown in Table 1.
[0179]
Moreover, this resin mold for nancimprinting was used tc
5 perform consecutive photo imprinting. Peeliing and
transfer-attachment occurred at the 15th shot.
[0180]
Comparative Example 4
Except for use of 70 parts by weight of isobornyl acrylate
10 (IBXA}, wuse of 15 parts by weight of dipentaerythritol
hexaacrylate (DPHA), anduse of 15 parts by weight of phenoxyethyl
acrylate (POA) inplace of the glycidyl methacrylate (GMA), a resin
mold for nancimprinting was produced in the same manner as that
of Example 1. Furthermore, the obtained resin mold for
15 nanolmprinting was used to perform imprinting in the same manner
as that of Example 1. The obtained resin mold for nanoimprinting
and the imprinting results are shown in Table 1.
[6181]
Moreover, this resin mold for nancimprinting was used to
20 perfcerm consecutive pheto imprinting. Cracking occurred and
pattern defects were observed at the 3rd shot.
[0182]
Comparative Example 5

Except for use of 70 parts by weight of iscbornyl acrylate



1010 11I=10 10 GMA 10 transfer pattern moth-ey e column 75 nm L/S moth-ey e moth-ey e
pattern heightgrs my 350 165 150 350 56

(IBXA), wuse of 15 parts by welght of dipentaerythritol
hexaacrylate (DPHA), and use of 15 parts by weight of lauryl
acrylate (LA) inplace of the glycidyl methacrylate (GMA), a resin
mold for nanoimprinting was preduced in the same manner as that
5 of Example 1. Furthermocre, the obtained resin mold for
nanoimprinting was used to perform imprinting in the same manner
as that of Example 1. The cbtained resin mold for nancimprinting
and the imprinting results are gshown in Table 1.
[0183]

10 Moreover, when this resinmold for nancimprinting was used,
peeling and cracking occurred at the 1st sheot. Pattern defects
were alsc cbserved.

[0184]
Comparative Example 6

15 Except for use of 50 parts by welght of isobornyl acrylate
(IBXA), 50 parts by weight of dipentaerythritol hexaacrylate
(DPHA), and 0 parts by weight of glycidyl methacrylate (GMA), a
resin mold for nanoimprinting was produced in the same manner as
that of Example 1. Furthermore, the obtained resin meold for

20 nanoimprinting was used to perform imprinting in the same manner
ag that of Example 1. The obtained resin mold for nancimprinting
and the imprinting results are shown in Table 1.

[0185]

Moreover, this resin mold for nanoimprinting was used to



350 film thickness(rim) 1000 1000 1000 1800 3500 filmthickness/ pattern height 6.01 6.67 5.14 10
cure shrinkege 63 3% i% cure stability o o o 57

perform consecutive phote imprinting. Peeling occurred at the
5th shet.
(01867
Comparative Example 7

5 Except for use of 75 parts by weight of iscbornyl acrylate
(IBXA), wuse of 15 parts Dby weight of dipentaerythritol
hexaacrylate (DPHA), and use of 10 parts by weight of acrylic acid
(AA) in place cof the glycidyl methacrylate (GMA), a resin mold
for nancimprinting was produced in the same manner as that of

10 Example 1.

Furthermore, the cbtained resinmold for nanoimprinting was
used te perform imprinting in the same manner as that of Example
1. The obtained resinmold for nanoimprinting and the imprinting

15 results are shown in Table 2.
[0188]

Moreover, this resin mold for nancimprinting was used to
perform consecutive phote imprinting. Peeling cccurred at the
8th shot,

20 [(0189]
Comparative Example 8

Except for use of 75 parts by weight of iscbornyl acrylate
(IBXA}, wuse of 15 parts by weight of dipentaerythritol

hexaacrylate (DPHA), and wuse of 10 parts by weight of



0 o oxidefilm layer type of oxide Si02 1111211111 S 02 s02 S O film thickness 10 nm 10 nm 10 nm 10
nm 10 n meldzretease agent layer mold release agent DSX fl DSX DSX DSX resultsof evaluation UV
nano- imprinting surface smoothne ss
4-hydroxybutylacrylate  (4HBA) in place o¢f the glycidyl
methacrylate {GMA), a resin mcld for nanoimprinting was produced
in the same manner as that of Example 1. Furthermore, the obtained
resin mold for nancimprinting was used to perform imprinting in
5 the same manner as that of Example 1. The obtained resin mold
for nancimprinting and the imprinting results are shown in Table
2.
ra180]
Moreover, this resin mold for nanoimprinting was used to
10 perfcrm consecutive photo imprinting. Peeling occurred at the
i5th shot.
[0151]
Comparative Example 9
Except for use of 75 parts by welght of iscbornyl acrylate
15 (IBXA), wuse of 15 parts by weight of dipentaerythritol
hexaacrylate {DPHA), anduse of 10 parts by weight of dimethylamino
ethyl acrylate {DMAEA) in place of the glycidyl methacrylate (GMA),
a resin mold for nanoimprinting was produced in the same manner
as that of Example 1. Furthermore, the cobtained resin mold for
20 nanoimprinting was used to perform imprinting in the same manner
as that of Example 1. The obtained resin mold for nanoimprinting
and the imprinting results are shown in Table 2.
[0192]

Moreover, this resin meld for nanoimprinting was used to



00000 peeling NONO NO NO NO cracking NO NO NO NO NO transfer -attachm ent NO NO
NO SF-2379 59

perform consecutive photo imprinting. Peeling occurred at the
5th shot.
[cl1e3]
Comparative Example 10
5 Except for use of 75 parts by weight of isobornyl acrylate
(IBXA), wuse o¢f 15 parts by weight of dipentaerythritol
hexaacrylate (DPHA), use of 5 parts by weight. of glycidyl
methacrylate (GMA), and use of 5 parts by weight of acrylic acid
(RA), a resin mold for nancimprinting was produced in the same
1¢  manner as that of Example 1. Furthermcre, the obtained resin mold
for nanoimprinting was used to perform imprinting in the same
manner as that of Example 1. The obtained resin mold for
nanoimprinting and the imprinting results are shown in Table 2.
[0194]

15 Moreover, this resin mold for nancimprinting was used to
perform consecutive photo imprinting. At the 10th shot, peeling
and transfer-attachment occurred.

[0195]
Comparative Example 11

20 Except for use of 100 parts by weight of dimethylsiloxane
{PDMS) in place of the isobornyl acrylate (IBXA},
dipentaerythritol hexaacrylate (DPHA), and glycidyl methacrylate
(GMA), & resin mold for nancimprinting was produced in the same

manner as that of Example 1. Furthermore, the cbhtained resin mold



NO pattern defecto o o o transfer count o alll o o 0 SF-237968 Reference Example 1 The
resin mold garpanoimprinting of Example 1 was uged, and the following imprinting was used rather
than the procedure of step (4) of Example 1. 5[0211] The resin mold for nanoimprinting obtained
in Example 1 was wrapped around a 6 inch diameter roll. Polycarbonate film (Lexan film, 0.12 mm
thickness, manufactured by Asahi Glass Co., Ltd.) coated with photo-curing resin (product name =

PAK-02, ¥8 manifacturad By loyoaesel &0y, g, )pvag Banthreyah teiling while peessedat 1.0 MPa

(run speed= 0.75 mm/second). Thereafter, ultraviolet irradiation (80 mW/cm2) was performed while the
line was driyen, and thedgsin was cuted.Jherepfter, the-resinunolddar nanoimprinting was-removed

from the roll. Lack of defects 15(such as shedding of the mold release agent layer on the mold) was
checked,andyespits ot imprinting are. shown:in Table A- Q2120 SF231269, in Table 1.
[0196]

5 Moreover, when this resin mold for nancimprinting was used
te perform photo imprinting, peeling and transfer-attachment
occurred at the lst shot. Pattern defects were also seen.
[0187]

Comparative Example 12

10 Except for use of €0 parts by weight of dipentaerythritol
hexaacrylate (DPHA) and 40 parts by weight of neopentylglycol
acrylate (A-NPG), without use of the isobornyl acrylate {(IBXA)
and glycidyl methacrylate (GMA), a resin mold for nanoimprinting
was produced in the same manner as that of Example 1. Furthermore,

15 the obtained resin mold for nanocimprinting was used to perform
imprinting in the same manner as that of Example 1. The obtained
resinmold for nanoimprinting and the imprinting results are shown
in Table 1.

[0198]

20 Moreover, when this resin mold for nancimprinting was used
to perform photo imprinting, peeling and transfer-attachment
cccurred at the 1st shot.

[0199]



Table 4 Example 1 Reference Example 1 substrate material layer type of substrate PET resin layer
compositionIBXAs/5 DPHA 15 GMA 10 transfer pattern moth-eye pattern height(nm) 350

Table 1
Example | Example | Example | Example | Example
1 2 3 4 5
substrate
material type cf substrate PET
layer
IBXA 75 80 65 30
MME 75
POA
compesition LA
* A-NPG
DPHA 15 i5 15 15 15
GMA 10 5 20 20 45
resin layer FDMS — —
transfer pattern moth-ey | moth-ey | moth-ey | moth-ey | moth-ey
@ e e @ e
pattern height (nm) 350 350 350 350 350
film thickness (nm) 1000 10006 1000 1000 1000
filn thickness / 2.85 2.85 2.85 2.85 2.85
pattern heilght
cure shrinkage % 3% 3% 3% 3%
cure stability 0 o o} o 0
oxide film type of oxide Si0, S1i0, 310, 310, 510,
layer film thickness 10 nm 10 nm 10 nm 10 nm 18 nm
moldrelease | o 14 release agent DSK DSY DSX DSK DSX
agent laver
surface
smocthnes o o o o o
S
peeling NO NO NC NO NO
cracking NO NO NO NO NO
results of :UV gang— transfer-
, imprinting | attachmen NO NGO NO NO NO
evaluation ¢
pattern o o o o o
defect
transfer
] ® @ ® ® o
count
epoxy value (x 107%) =*1 0.7 G.35 1.41 1.41 3.15




film thickness(nm) 1000 film thickness / pattern height 2.85 cure shrinkage 3% cure stability o oxide
film layer gype of;gxide SiO2 film thickness 10 nnggnold release agent layer mold release agent DSX
imprinting method UV / sheet UV / roll results of evaluation UV nanoimprinting

Table 1 (Continued)

Compara Compara | Compara | Compara
tive tive tive tive
Example | Example | Example | Example
1 2 3 4
substrate
material type of substrate PET
layer
TBXA 25 15 84.5 70
MMA
POA i5
compositio | LA
n A-NPG
DPHA 5 15 15 15
GMA 70 70 0.5
regin layer FDMS -
transfer pattern moth-ey | moth-ey | moth-ey | moth-ey
. e e [ @
pattern helght (nm) 350 350 350 350
film thickness (nm) 1000 1000 1800 1000
fiim thickness /
pattern height 2.85 2.85 2.85 2.85
cure shrinkage 3% 3% 3% 3%
cure stability o} o o) o
oxide film]type of oxide Si0; 510, 510, Si0s
layer film thickness 10 nm 10 nm 10 nm 10 nm
moldreledss | 14 rolease agent DSX DSX DSX DSX
agent laver
surface
o] o) o o
smoothness
peeling NO NO YES NO
cracking YES NO YES YES
results of | oo hano-jtransfer-a NO NO NO NO
cvaluation imprinting | ttachment
pattern " u 5 x
defect
transfer
"W ® X X
count
epoxy value (x 107™) *1 4.9 4.9 0.035 -




surface smoothness 0 0 peeling NO NO cracking NO NO transfer- attachment NO NO pattern

defect o qs rtransfer count o o 63
Table 1 (Continued)
- Compara | Compara | Compara Compara
tive tive tive tive
Example | Example | Example | Example
5 6 11 12
subst;ate type of substrate PET
material lavexr =
IBXAL 70 50
MMA
POA
composition LA L2
A-NPG 40
DEHA 15 50 60
GMA
resgin laver FDMS 100
transfer pattern moth-ey | moth-ey | meth-ey | moth-ey
e & & e
pattern helght (nm)} 350 350 350 350
film thickness (nm) 1000 1000 1000 1000
Eilm — thickness 7 2.5 2.85 2.85 2.85
pattern height
cure shrinkage 3% 7% - -
cure stability o x 0 -

. - type of oxide 510, 5105 510, 510;
oxide film layer film thickness 10 nm 10 nm 5 nm 5 nm
mold release | | 14 release agent DSX DSX DSX DSX
agent layer

surface
smoothne o o - -
58
peeling YES YES YES YES
cracking YES NO YES YES
results of QV . ngno— transfer
. imprinting -attachm NO NO NG NO
evaluaticn
ent
pattern . o " o
defect
transier . . . ,
cournt
epoxy value (x 107%) *1 - - - -
Transfer count: & = 30 to 50 times, ¢ = 20 to 30 times, x = less

than or equal tc 20 times.

*1: Calculated based on composition ratios

5 [0200]




[0213] Reference Example 2 5Except for setting the pressure of the nickel mold for step (1) of
Example t 1o 9878MPa, and performing UV irradiai@n for 10 seconds at 10 mW/cm2 to cure the resin
film, a resin mold for nanoimprinting was produced in the same manner as that of Example 1. The
geometry of the obtained resin mold for nanoimprinting 10 is shown in Table 5. [0214] SF-237970
Except for performing UV irradiation for curing the resin film using 50

Reference Example 3
mW/cmZ%o‘%ﬁ?ﬁ A

econds-in-the step-(1)-of Example-I—aresinmold-for nansimprint Ag-was grnduced in
' Compara |,Compara mpara | Compara
the same manner 5 as that of Example 1. The geometry of the (35 ined retsﬁ;emo d togfg(gnmmp{h g
is shown|in Table 5. [0215] Reference Example 4 Except for seting. pressurgof the:niekekmotd {03«
MPa in 10 step (1) of Example 1, and performingithe UV irradiatidn for curirfg the|resiréfilm for 100
seconds aﬁ&?ﬁﬁﬂﬂlgémz,‘_a resin mold for nanoimprinting was produced in the sarge manner as that of
Example| ; “Tjie Geometry“of fhie BbAMEH Tesin mold T6F nanoimprinting is showf(ih Table 5. 15[0216]
SF-2379T71t Fable 5 & ampte 2 Referengg Working Exampte2-Rgference ;3 75 75
DPHA 15 15 15 15 15
. GMA 10 5
COMpOsitlon
| AA 10 5
4BRBA 10
DMAEA 10
resin moth-e moth-e moth-e moth-e moth-e
layer transfer pattern - Y - Y - Y o Y - Y
pattern height (nm) 350 350 350 350 350
film thickness (nm) 1000 1000 1000 1000 1000
film thickness /
pattern height 2.85 2.85 2.85 2.85 2.85
cure shrinkage 3% 3% 3% 3% 3%
cure stabllity o e} o o o
oxide film type of oxide SiOE SJLOQ SiOQ Sio; SiOZ
layer film thickness 10 nm 10 nm 10 nm 10 nm 10 nm
mold
]
resease mold release agent DSY DSX DSX DSX DS¥
agent
layer
surface
O o] o] <O o]
smocthness
peeling NG YES YES YES YES
cracking NG NO NO NO NO
results of | OV nano- | transfer-a
evaluation | imprinting | t+achment NO RO NG NG YES
pattern
defect © © © “ ©
transfer
- Q x X S x
count
[0201]

Example 6

Except for change of the master mold of step (3) of Example

1 to a nickel mold (25 mm sguare transferring surface, 165 nm hole

diameter, 450 nm period, 165 am depth, cylindrical column shape)

having circular column—shaped depressions and protrusions on the




Working Example 3 Reference Working Example 4 substrate material layer type of substrate

resin layes copposition BXA 75 DP_A 65

10

15

20

surface, a resin meld for nanoimprinting was produced in the same
manner as that of Example 1. Furthermore, using the resin mold
for nanoimprinting, imprinting was performed in the same manner
as that of Example 1. The obtained resin meld for nanoimprinting
and the results of imprinting are shown in Table 3.

[0202]

Moreover, when this resin mold for nancimprinting was used
for 20 consecutive sheots of photo imbrinting, printing was
possible without problems.

[0203]
Example 7

Except for changs of the master mold of step (2) of Example
1 to a nickel mold (35 mm sguare transferring surface, 75 nm L/S,
150 nm period, 150 nm depth, linear shape) having a linear
depressions and protrusions structure on the surface, a resinmold
for nanoimprinting was produced in the same manner as that of
Exanple 1. Furthermore, the obtained resin mold for
neanoimprinting was used to perform imprinting in the same manner
as that of Example 1. The cbtained resin mold for nanoimprinting
and the results of imprinting are shown in Table 3.

[0204]

Morecver, when this resin mold for nanoimprinting was used

for 20 consecutive shots of photo imprinting, printing was

possible without problems.

PET



15

GMA 10 transfer pattern column pattern period

1C

15

20

SF-2379 66

[0205]
Example 8

Except for c¢hange of the coating amcunt of photo-curable
resin solution onto the polyethylene terephthalate (PET) so as
to obtain a film thickness of 1,800 nm, and so that ratic of fhe
resin £ilm thickness to pattern height was set to 5.1, a resin
mold for nancimprinting was produced in the same manner as that
of Example 1. Furthermore, wusing the resin mcld for
nanoimprinting, imprinting was performed in the same manner as
that of Example 1. The obtained resin mold for nanoimprinting
and the results of imprinting are shown in Table 3.

[0206]

Moreover, when this resin mold for nancimprinting was used
for 20 ceonsecutive shots of photo imprinting, printing was
possible without problems.

[0207]
Example 9

Except for change of the cecating amcunt of photo-curabkle
resin soluticn onto the polvethylene terephthalate (PET) so as
to obtain a f£ilm thickness of 3,500 nm, and so that ratic of the
resin film thickness to pattern height was set tc 10.0, a resin
mold for nanoimprinting was produced in the same manner as that
of Example 1. Furthermore, using the resin mold for

nanoimprinting, imprinting was performed in the same manner as



450 pattern height () 165 film thickness() 1000 filmthickness/ pattern height
SF-2379 67

that of Example 1. The cbtained resin mold for nancimprinting
and the results of imprinting are shown in Table 3.
[0208]
Moreover, when this resin mold for nanoimprinting was used
5 for 20 consecutive shots of photo imprinting, printing was

possible without problems.

10209]
Table 3
Exampie | Example | Example | Example | Ezample
1 6 7 8 G
substrate
material type of substrate FET
layer
s IBXA 5 75 75 75 75
I(fompos'“lo DEHA 15 15 15 15 15
GMA 10 10 it 10 10
transfer pattern moth-ey column 75 nm moth-ey | moth-ey
2 L/8 e 2
resin layer | pattern height (nm) 350 165 150 350 350
film thickness {nm) 1000 1000 1000 1800 3500
film thickness /
pattern height 2.85 6.01 6.67 5.14 10
cure shrinkage 3% 3% 3% 3% 3%
cure stability s] & o] o
oxide film | type of oxids 510, $10, Si0, S1i0; 810,
tayer film thickness 10 nm 10 nn 10 nm 10 nm 10 nm
mold;telease mold release agent DeX DSX DSX D8X DSX
agent layer
surface
smoothne o o o o o
58 _
peeling NG NO NO WO NO
cracking NO NO NG NO NO
results  of | UV nano- transfer
evaluation imprinting | —sttachm NG NO NO NO NO
ent
pattern o 5 s o o
defect
transfer
o o o o o]
count

10 [0210]



2.85

10

15

cure shrinkage 3% cure stability o pattern transfer conditions pressure(MPa)
SF-2379 68

Reference Example 1

The resin mold for nanoimprinting of Example 1 was used,
and the following imprinting was used rather than the procedure
of step (4) of Example 1.

[0211]

The resin mold for nancimprinting cbhtained in Example 1 was
wrapped around a 6 inch diameter roll. Polycarbonate film (Lexan
film, 0.12 mm thickness, manufactured by Asahi Glass Co., Ltd.)
coated with photo-curing resin (product name = PAK-02,
manufactured by Toyo Gosel Co., Ltd.) was run through the line
while pressed at 1.0 MPa (run speed =0.75 mm/second). Thereafter,
ultraviolet irradiation (80 mW/cm?) was performed while the line
was driven, and the resin was cured. Thereafter, the resin mold
for nancimprinting was removed from the roll. Lack of defects
{(such as shedding of the mold release agent laver on the mold)
was checked, and results of Imprinting are shown in Table 4.

[0212]



0.4 0.8 0.8 3 UVirradiation conditions 10 mW/cm2 60 sec x 10 mW/cm2 10 sec x 50mW/cm2 x 2
sec 10 m¥@#cm2710 sec x pattern results SEM d aggnm)

Table 4
Example | Reference
1 Example 1
substrate
material type of substrate PET
layer
TBRXA 75
composition DPHA i5
GMA 10
) transfer pattern moth-eye
ii;zi pattern height {nm) 350
film thickness {(nm) 1000
£ilm thickness / pattern height 2.85
cure shrinkage %
cure stapility o
oxide film | type of oxide SiG;
layer film thickness 10 nm
mold
Z:iiise mold release agent DS
layer
imprinting method ov / uv / roll
sheet
surface smcothness o] o
peeling NO NG
results of | UV cracking NO NG
evaluation | nanoimprinting transfer-attachment NG NO
pattern defect o s)
transfer count s} o
[C213]
Reference Example 2
5 Except for setting the pressure of the nickel mold for step

(1} of Example 1 to 0.8 MPa, and performing UV irradiation for

10 seconds at 10 mW/cm® to cure the resin film, a resin mold for

nanoimprinting was produced in the same manner as that of Example

1. The gecmetry of the obtained resin mold for nancimprinting
10 1s shown in Table 5.

[0214]
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Reference Example 3
Except for performing UV irradiation for curing the resin

¢ for 2 seconds in the step (1) of Example 1,

film using 50 mW/cm
a resin mold for nanoimprinting was produced in the same manner
as that of Example 1. The geometry of the obtained resin mold
for nanoimprinting is shown in Table 5.
[0215]
Reference Example 4

Except for setting pressure of the nickel mold to 3 MPa in
step (1) of Example 1, and performing the UV irradiation for curing
the resin film for 10 seconds at 10 mW/cm?, a resin mold for
nanoimprinting was produced in the same manner as that of Example
1. The geometry of the obtained resin mold for nanoimprinting

is shown in Table 5.

[0216]



160 160 160 [0217] Abbreviations within the table have the below listed 5 meanings. IBXA:
isobornyl @srytate JMMA: methyl methacrylate POA: phenoxyethyl acrylate LA: lauryl acrylate 10
A-NPG: neopentylglycol acrylate AA: acrylic acid 4HBA: 4-hydroxybutylacrylate DMAEA:
dimethylamino ethyl acrylate GMA: glycidyl methacrylate SF-237972 PDMS: polydimethylsiloxane
DPHA: dipentaerythritol hexaacrylate DSX: fluorine type mold release agent Based on Examples 1 to

sed

5, when tt ﬁ?%%n%mfmn includes the 5 epoxy group-containing unsaturated compound within the
range of the present invention, it is found éhat a&re§|n moﬁfﬁfﬁ%ﬁ%m ﬁ ei‘%c&btalnéﬁ ﬁfﬁfﬁ?is 10
defects in the resin mold for nanoimprinting §and no tra nsfer, ﬁgi@é% [02 d@%@ed omx&mp%,;atlve
Expmplesdcto 9, 11, and 12, when the epoxy group-containing unsaturated compound i5 not incltded
in the:rangelof thevpresentsimsamtion, it is found that resin mold for ri&@Toimprinting defects and/or
trahsfeEHefects! or the like occur Although compounds having high_crystallinity were used 15.in
Camparative Examples 4 and S iRhlace nf the epoxy-group- r‘nn'ramlm ||nqan|mtpd compound,.and
although a polyfgu?%"lﬁﬁ?&lt&(?ﬁ] q%?ﬁr#l s_used.in (‘nmnnmn\/p anrﬁﬁlp 6_rather than thp epoxy.
group- Conta|n|n"| unsaturated %nnlnd effects such as those of THP{? present invention.were nnf
obtained. 20 M rE?ﬁfbsr*%]ﬁlfﬁﬁ‘mﬁr("’hm nnndq containing.non- pnnﬁ?ﬂﬁ‘hm functional groups were |
for Cesparativ ?@(ﬁiﬁﬂb@eﬁfﬁ@ pf'fp *ts_such as thase of the nrpqﬁﬁﬁ” invention.were_not abtained
[0219}=r pattern height (nm) 165
film thickness [(nm} 1000
fl%m tth.kH@SS / 5 gs
pattern height
cure shrinkage 3%
cure stability o
pattern pressure (MPa) 0.4 0.8 0.8 3
transier uv irradiation| 10 mW/cm® » | 10 mW/cm® » | 50 mW/cm? x 2 | 10 mW/cm?® x
conditions | conditions 80 sec 10 sec sec 10 sec
SEM dia. (nm) 166 152 161 i58
i;gifiz period (nm) 458 462 458 458
AME height (nm} 160 160 160 160
[0217]
Rbbreviaticns within the table have the below listed
5  meanings.
IBXA: iscbornyl acrylate
MMA: methyl methacrylate
POA: phencoxyethyl acrylate
LAa: lauryl acrylate
10 A-NPG: neopentylglycol acryliate
ARA: acrylic acid
4HBA: 4-hydroxybutylacryliate

DMAFA: dimethylamino ethyl acrylate

GMA: glycidyl methacrylate



SF-237973 included the epoxy group-containing unsaturated compound in the range of the present
inventionglecause of a compound that had reactiyity with the epoxy group in the composition, effects
such as those of the present invention were not obtained. Examples 10 to 13, Comparative Examples
13to 15 Blended resins were used that were the same as above except for using IBXA in place of
DPI-1A (i.e. a polyfunctional monomer) in Examples 1, 2, 3, and 5 and in Comparative Examples 2, 3,

and 10. Theveafterotheasresitsalybilit=ard <epoxy value> were 10 calculated. These results are
shown in Table 6. [0220] As shown in Table 6, it was determined that there was no ring opening in

epoxy groupidue &3 Phhirradiation: thaithees.was selubility in solvents, and that the amount of change
of the epoxy 15 value after UV irradiation was minute. [0221] SF-237974 Table 6 Example 10
Example dd:Examplei2.Example 13 composition:|BxA-00 95 80 55
Rased on Examples 1 to 5, when the composition includes the
5 epoxy group-containing unsaturated compound within the range of
the present invention, it is found that a resin mold for
nanoimprinting is cbtained that has no defects in the resin mol
fcr nancoimprinting and no transfer defecis.
[0218]

10 Based on Comparative Examples 1 To 9, 11, and 12, when the
epoxy group-containing unsaturated compound iz not included in
the range of the present invention, it is found that resin mold
for nanoimprinting defects and/or transfer defects, or the like
occur. Although compounds having high crystallinity were used

15  in Comparative Examples 4 and 5 in place of the epoxy
group—containing unsaturated compound, and although a
polyfunctional compound was used in Comparative Example 6 rather
than the epoxy group-containing unsaturated compound, effects
such as those of the present dinvention were not obtained.

20  Moreover, although compounds containing non-epoxy group
functional groups were used for Comparative Examples 7 to 9,
effects such as theose ¢f the present invention were not chtained.
[0219]

Although Comparative Example 10 used a composition that



AA  DMA 10 5 20 45 epoxy value (x10-2) before polymerization (calc.value) 0.7 0.35 1.41 3.15
before polymerization (measured value) 0.68 0.35/3.41 3.29 after polymerization 0.65

included the epoxy group-containing unsaturated compound in the
range of the present invention, because of a compound that had
reactivity with the epoxy group in the composition, effects such
as those of the present invention were not obtained.

5 Examples 10 to 13, Comparative Examples 13 to 15

Blended resins were used that were the same as above except
for using IBXA in place of DPHA (i.e. a polyfuncticnal monocmer)
in Examples 1, 2, 3, and 5 and in Comparative Examples 2, 3, and
10. Thereafter, the <resin solublility> and <epoxy value> were

10 caiculated. These results are shcown in Table 6.
[0220]

As shown 1in Table &, it was determined that there was no
ring opening in epoxy group due to UV irradiation, that there was
solubility in solvents, and that the amount of change of the epoxy

15  wvalue after UV irradiation was minute.

[0221]



0.31 1.27 2.8 resin solubility 0 o o o Table 6 (Continued) Comparative Example 13 Comparative

Example 4#-Comparative Example 15 compositiopIBXA 30 99.590 AA 5

10

Table &
Example | Example | Example | Example
10 11 12 13
IBXA 90 95 80 55
composition | AA
GMA 10 5 20 45
before
polymerization 0.7 0.35 1.41 3.15
(calc. value)
before
epoxy value . .
(x107%) polymerization | ., g 0.35 1.41 3.29
{measured
value)
atter 0.65 0.31 1.27 2.8
poiymerization
resin solubility C o o o}
Table 6 (Continued)
Comparative | Comparative | Comparative
Example 13 | Example 14 | Example 15
IBXA 30 8959.5 90
composition | AA 5
GMA 70 0.5 5
before
polymerization 4.9 0.035 .35
(calc. wvalue)
befcre
epoxy value s
(x107%) polymerization 4.95 0.033 0.34
{measured-
value)
atter a 0.032 a
polymerization
resin solubility x o] x

a: This was not measured since inscluble substances existed.

DESCRIPTION OF REFERENCE CHARACTERS

[0222]

il.mold releas
Z2..incrganic s
3..resin laver

4..substrate

e agent laver

ubstance layer




GMA 70 0.5 5 epoxy value (x10-2) before polymerization (calc.value) 4.9 0.035 0.35 before
polymerizgtiorz {measured value) 4.95 0.033 0.34 7after polymerization a 0.032 a resin solubility x o x
a: This was not measured since insoluble substances existed. 5 DESCRIPTION OF REFERENCE
CHARACTERS [0222] |_mold release agent layer

S.resin

t..5ubstrate

J.roller type resin mold for nanoimprinting

8..light scurce



2...inorganic substance layer 3_resin layer 104...substrate 6...substrate 7...roller type resin mold for
nanoimpriniting 87.dight source SF-237976 Claims7él. A resin mold for nanoimprinting, wherein
depressions and protrusions transferred from a surface of a master mold are formed 5 on the surface;
the mold resin comprises a main chain formed by (co)polymerization of a monomer having an
ethylenic double bond; at least a part of the main chain is formed with a reactive monomer having an
epoxy group; and the main chain is formed by causingsreaction of the ethylenic double bond without
ring opening of the 10 epoxy group of the reactive monomer. 2. The resin mold for nanoimprinting
according to claim 1; wherein the resin of said resin layer is a copolymer of said epoxy
group-containing unsaturated compound and (meth)acrylate. 15 3. The resin mold for nanoimprinting
accordingito clainu1resiwherein thexesimlayepformed:from he resin havingthemain chain formed
by causing reaction of ethylenic double bonds without causing ring opening of said epoxy group is
formed onpthe-20; substrate-layer sutfacer aningrganicsubsiance.laves is fermed on asyxface of said
resin layer where the substrate layer is not formed; and a mold release agent layer is formed on the
surfage obsaighinorganicsuhstansedayer. Sk-2379444-The sesinmold for napoimprinting according
to claim 3; wherein thickness of said mold release agent layer is from 0.5 to 20 nm. 5 5.The resin
mold for nanejmprinting-acearding & claim 3ome r Whereinthicknessofsaidinorganigsubs ancelayeris
from 0.5 to 100 nm. 6. The resin mold for nanoimprinting according to claim 3; 10wherein said

inorganic substance dayareomprses &l lepstong.tyne of jaorgapic.gubstance selegted from.the group
consisting of Si02, Zr02, ZnO, Ta205, Hf02, ITO, FTO, and Ti02. 7. The resin mold for nanoimprinting

according:to.clain 3, 1awhereig saigmold, release agent layer comprises ALILAS, ~ousing

reaction of the ethylenic double bond without ring opening of the

10 epoxy group of the reactive monomer.

2. The resin meld for nancimprinting according to claim 1;
wherein the resin of said resin layer is a copolymer of said

epoxy group-containing unsaturated compound and (meth)acrylate.

15
3. The resin mold for nancimprinting according to claim 1;
wherein the resin layer formed from the resin having the
main chain formed by causing reaction of ethylenic double bonds
without causing ring opening of said epoxy group is formed on the
20 substrate layer surface; an incrganic substance layer is

formed on a surface of said resin layer where the substrate layer
is not formed; and a mold release agent layer is formed on the

surface of said inorganic substance layer.



one type of mold release agent selected from the group consisting of fluorine type silane coupling
agents, perfludry Bompounds having an amino graap or carboxyl group, and perfluoroether
compounds having an amino group or carboxyl group. 20 8. The resin mold for nanoimprinring
according to claim 3; wherein said substrate is one type of substrate selected from the group
consisting of resin, glass, silicon, sapphire, gallium nitride, carbon, and silicon carbide. SF-237978 9.
The resindmold for nanekmprintinglatcording 4o cliatm :3; mhierein:said sdbsitateds ene iypesof resin
selected from thegroupconsistingofpolyethyleneterephthalates, 5 polycarbonates, polyesters,
polymethylmethaenytates rpalystykeres; eytlicpolyalefins rpalyimidesgpalysufores ipolyether
sulfones, and polyethylene naphthalates. 10. The resin mold for nanoimprinting according to claim 3;
10whereig contast anglefor pure water on said mold release agent layer surface is greater than or
equal to 100 degrees. 11. The resin mold for nanoimprinting according to claim 1 or 3;wherein repeat
unit period of the depressions and 15 protrusions transferred to the surface of the resin layer is from

10 nm to 50 pm. The resin mold for nanoimprinting according to claim 1 or 3;wherein the resin
moldsfor ranoimprinting-issfixeditora 2@rallersk3:Armpethed forprodustion of avgsin aeld far;
nanoimprinting; wherein the method comprises steps of:(l)applying onto a substrate an active

energy beam-curghle,compesitionn SEs237979iincluding, fram- 1920 pats by, weight.of-angpoxy
group-containing unsaturated compound (based on 100 parts by weight of the total composition);

(1) contacting said aetive gnergy beam-curable composition against a mold, irradiating active energy
beam, transferring a depressions and protrusions pattern formed in the surface of said mold, and

forming a resin layer having less than or equal to 15 percent change of epoxy value relative to epoxy
value of said active energy beam-curable composition; 10(lll) forming an inorganic substance layer of

uniform thickness;gn at least asurface having 2 depressions andprotysionspatiern, of said resin

layer; and (IV) forming a mold release agent layer of uniform thickness on at least the surface

having the depressions anddyotfusions Ly pattern.of said inorganic substance layer. 14 The method
for production of the resin mold for
one type of inorganic substance selected from the group consisting

of 5iC,, Zr0,, ZIn0, Ta0s;, HE0,, ITO, FTO, and TiCs.

7. The resin mold for nanoimprinting according to claim 3;
15 wherein said mold release agent layer comprises at least
one type of mold release agent selected from the group consisting
of fluorine type silane coupling agents, perfluoroc compounds
having an amino group or carboxyl group, and perflucroether
compounds having an amino group or carboxyl group.
20
8. The resin mold for nanoimprinting accerding to claim 3;
wherein said substrate is one type of substrate selected
from the group consisting of resin, glass, silicon, sapphire,

gallium nitride, carbon, and silicon carbide.



nanoimprinting according to claim 13;wherein said active energy beam-curable composition of said
step ()is 20(zethYacrylate. 15. A method of use of& resin mold for nanoim__ inting; wherein the
method comprises steps of.contacting the resin mold for nanoimprinting according to any one of claims
1 SF-237980 to 12 against a resin surface; and demolding said resin mold for nanoimprinting from
said resin. 5 16.A method of use of a resin mold for nanoimprinting according to claim 15;wherein said
resin is a photo-curable resin.
9. The resin mold for nanoimprinting according to claim 3;
wherein said substrate is one type of resin selected from
the group consisting of polyethylene terephthalates,
5 polycarbonates, polyesters, polymethylmethacryvlates,

polystyrenes, cyclic polyclefins, polyimides, polysulfones,

polyether sulfones, and polyethylene naphthalates.

10. The resin mold for nanoimprinting according to claim 3;
10 wherein contact angle for pure water on said mold release

agent layer surface is greater than or equal to 100 degrees.

11. The resin mold for nanoimprinting according to claim 1 or
3; wherein repeat unit periocd of the depressions and
15 protrusions transferred to the surface of the resin layer is from

10 nm to 50 pm.

12. The resin mold for nancimprinting according to claim 1 or
3; wherein the resin mold for nanoimprinting is fized to a

20 roller.

13. A method for production of a resin mold for nancimprinting;
wherein the method comprises steps of: (I applying

onto a substrate an active energy beam-curable composition



10

15

20

SF-2379 79

including from 1 to 50 parts by welght of an epoxy group-containing
unsaturated compound (based on 100 parts by weight of the total
composition) s

(IT) contacting said active energy beam-curable composition
against & mold, irradiating active energy beam, transferring a
depressions and preotrusions pattern formed in the surface of said
moid, and forming a resin layer having less than or equal to 15
percent change of epoxy value relative to epoxy value of said
active energy beam-curable composition;

(ITI) forming an inorganic substance layer of uniform
thickness on at least a surface having a depressions and
protrusions pattern of sald resin laver; and

(IV)fOrmingaamoldreleaseagentiayeroflnuiormthickness
on at least the surface having the depressions and protrusions

pattern of said incrganic substance layer.

i4. The method for production of the resin mold for
nancimprinting according to claim 13; wherein sald active
energy beam-curable composition of said step (1) is

(meth)acrylate.

15. A method of use of a resin meld for nanocimprinting;
wherein the method comprises steps of: contacting the

resin mold for nanoimprinting according to any cne of claims 1



SEF-2379 80

to 12 zgainst a resin surfacs;
and demclding said resin meld for nanoimprinting from said

resin.

16. A method of use of a resinmold for nanoimprinting according

to claim 15; wherein said resin is a photo-curable resin.



