SF-2378 Description RESIN MOLD, PRODUCTION METHOD THEREOF, AND USE THEREOF
TECHNICAL-BIELD 5[0001] The present invention relates to a resin mold. More specifically, the
present invention relates to a resin mold having superior releasability from a resin to be imprinted. 10
BACKGROUND ART [0002] Imprinting technology is a technology in which a mold for molding a
depressions and protrusions pattern is pressed into a liquid resin or the like upon a substrate, and
transfers the 15 pattern of the mold to the resin dlepressiens and protrusions patterns exist at sizes
ranging from nano-scale (10 nm level) to about100pm, and these patterns are used in various types of
fields such as semiconductor materialsTopticalmaierialsy; recasdinganedias miergrmashines,
biotechnology, environment, or the like. 20[0003] Types of imprinting are exemplified by thermal
imprinting, photo imprinting, or the like. Thermal imprinting presses a mold having a certain pattern
formed in the surface thereof against a thermoplastic resin melted at a temperature greater than or
equal SF23%82tetheglasstransition temperature, thermally imprints the surface pattern of the mold
into the thermoplastic resin, and peels off the imprinted thermoplastic resin from the mold after cooling.
Photg impyinting presses the same type of mold against a 5 photo-curable resin, causes curing of the
photo-curable resin by ultraviolet radiation, and then peals the cured photo-curable resin from the

mold. [0004] In orélgr. toprevent agachment.of the resindothe mold 10, dufingimpyiating, a release

layer is arranged on the depressions and protrusions surface of the mold so as to impart releasability

from the resin to the depressions,and prafrusions.surface. However, there hasheen a problem in that,

when the rélease layer adheres poorly to the mold, the release layer is shed due to 15 imprinting.
Therefore n order.tp salve the aforementioned problem, aymethodis knpwn tat treats the surface of
the mold by plasma treatment or a silane coupling agent treatment so as to cause an improvement of
adhesion of the mold release agent to the mold (e.g. see Patent Document 1). Moreover, a method is
known 20 that uses as the mold release agent a perfluoropolyether having functional groups that are
chermcaII)éA Q&y[\\/}iﬁh }Q&material of the mold (e.g. see Patent Documents 2 and 3). These methods
all relate to release treatment for molds of hard substances such as metal, silicon, glass, or the like.
SF-23783 [988 i Resin molds are being used in recent years due to general versatility and cost.
Mold relea{se agents are being used even for resin molds. However, since the resin mold and the resin
5 to be imprinted are Qggtltner§in eadkbes' n of the mold r%I]eas_Le %gﬁent is of a ]SP:]miIar %C%e% to both
resins, and this resumts in a"pfgb em in that the %g’le%séﬁgyélrciscfr stérréd 16 thé résino Oerimprinted.
Technology is desired éor im roving adheéion m;the release Ia%/er to the resin mold. 10[0006] In
order to sOIveths hferemBaiiched probiems. For exaitpie > ah oxide fayef dohfisosed of afiforganic
oxide is farmed, on the surface of a replica mold, and shedding of the release layer from the surface of
the replica nfold s preventéd. Al e()u?gh‘ﬁf3 is"t5°Possibie Stpll"@%eent AN O the releass layer from
the oxide I?%/er by formation of a_release layer with this oxide layer interposed between the release

layePand e hidil, Sdhesisn B tiis bRide fnfothe resitt AT oGt e cBe€aRy Ydoif j6607]

20Therefore, there is a problem in that, even when the release
patterns exist at sizes ranging from nano-scale (10 nm level) to

about 100 pm, and these patterns are used in varicus types of fields
such as semiconductor materials, cptical materials, recording
media, micro machines, biotechnology, environment, or the like.

20 ~{OOOS_‘E
Types of imprinting are exemplified by thermal imprinting,
photo imprinting, or the like. Thermal imprinting presses a mold
having a certain pattern formed in the surface thereof against

a thermoplastic resinmelted at a temperature greater thanor equal



layer and the oxide film are integrated, there still may be transfer of the integrated release layer and
oxide filmde-the;syrface of the imprinted resin film.oSF-23784 CITATION LIST Patent Literatures
[0008] Patent Document 1: Japanese Unexamined Patent Application 5 Publication No,
2010-5841 Patent Document 2: Japanese Patent No. 4154595 Patent Document 3: Japanese
Unexamined Patent Application Publication No. 2004-306030 M SUMMARY OF INVENTION Problem

to be Solvegd bynthednyenrtion-[0009] 5 on An:ebjectelthe presentiavention:istepravidga resin mold
for imprinting without transfer defects, that has excellent 15 releasability from the resin to be imprinted,

and that is; free of shedding gfthe-moldyelease agent when imprinting. Mareover .anotherabject of the

present invention is to provide a resin mold that is capable of inexpensive mass production. Yet

another objegtof hepresentivention s 1o, provideasrasin.mald that2Q has-flexibility and-can be used
by fixing to a roller or the like. Solution to Problem [0010] [1]A resin mold comprising: SF-23785 a

substrater, o + 8 resip-layarfermed upopdhe substiate andhavingadepressions and protrusions

pattern formed on the surface of the resin layer, 5and a release layer containing a mold release agent

and kseingpi@asnesd withpniform thickness, on atlgastihesurface of the depressions.and progusions

pattern of said resin layer; wherein said resin layer comprises a solvent soluble resin and an

additive; the addifive containg a,subsfituent group capable 10.gf coupling with said mold release agent

and a substituent group having compatibility with said solvent soluble resin and has bleeding ability
with respect 9 the-solyent.soluhle resin; said additive is localized in the vicinity of said resin layer
surface and the substituent group capable of coupling with 15 the mold release agent contained in the
additive b%?g ghemically with said mold release agent to couple together said resin layer and release
layer. 2] The resin mold according to [1]; where the pure water 20 contact angle of the
aforementioned re_\[Iease I lyer surface is g,rﬁeaé%rtthgéq ﬁrneggugktqcﬁgao (rjg%rienes& t]ilg;] Th[f;. dresin mold

. or Q reve . o . e} @]
according to [1] or &]; where the aforementioned additive is'a compound, or ﬁydro ysaIPe ereof,
ease §Q§er is arranged on the depressions

indicgted by e below listed General Formulz

and protrusions surface of the mold 30 as to impart releasability
from the resin to the depressions and protrusions surface.
However, there has been a problem in that, when the release laver
adheres poorly to the mold, the release layer is shed due to
15 dimprinting. Therefore in crder to solve the aforementioned
problem, a method is known that treats ﬁhe surface of the mold
by plasma treatment or a silane coupling agent treatment so as
to cause an improvement of adhesion of the mold release agent to
themold {e.g. see Patent Document 1) . Moreover, amethod is known
20 that uses as the mold release agent a perflucropolyether having
. functional groups that are chemically reactive with the material
of the mold {e.g. see Patent Documents 2 and 3}. These methods
all relate to release treatment for molds of hard substances such

as metal, silicon, glass, or the like.



SF-23786 [0011] Y3.,(CH3)"SiX(1) In General Formula (1), Y is a methoxy or ethoxy group; X is
an organig grouprigicluding one type selected from ghe group 5 consisting of an epoxy group, glycidoxy
group, and optionally substituted phenyl group and amino group; and nis 0 or 1. [4] The resin
mold according to anyone of [1] to [3]; where the content of the aforementioned additive within the
aforementioned resin layer is from 1 to 13 percent by weight. 10[5] The resin mold according to [3] or
[4]; whererthe@dorementioned solvent soluble resin has a constituent unit having a substituent group
of the same type as X in the aforementioned General Formula (1). [6] The resin mold according to [5];
where, in the 15 afarementioned selvepkselyblestesin,the coptant,of the constituent Lnit-having the
substituent group of the same type as X in the aforementioned General Formula (I) Is from 1 to 15
percent by, weights [71 TheJesin-meld acaerding to anyane,obi3} 1o [Blowhete, g0 the aforgmentioned
substituent group of the aforementioned additive having compatibility with the aforementioned solvent
resin is the substituent group.X in the,afgrementiqned Geperal Eormyia; (1) (8} Thgdesinapgld

according to anyone of [3] to [7]; where SF-23787 the aforementioned substituent group of the

aforementigned @@e@y&@@eaﬂ% of qoupling; with the,afarementianed mold release agent is the

substituent group Y in the aforementioned General Formula (1) or a hydrolysate of such substituent

group Y. 5J9] The resin mold,according i any.ane ot [1Lto 8], where the aforemeptioned mold
release agent is at least one type selected from the group consisting of fluorine-based silane coupling
agents, monogigrningl aminatedperfiora (perfluaroether) compounds,.and mone-ierminal
carboxylated perfluoro (perfluoroether) %0 compounds. - %16%) 'I"&:w rées%fn m% actfér |n%g to any one
of [1] to [9]; where, the afarement substrate isa.resin. s %gtrate lass substrate, siligon substrate,
sapphire sanégstratéfca'rbor? su%gtr%%tg,;j or%?ﬁaé% %?riatjé{.)iSH The %eggnanqzllﬁsécgc%rgiﬁggctﬁm]; where
the aforerggrﬂg%nsed I gin&ul%sotrattgés ggg}%p%o&@'sin selected from the group consisting of :
polyethylene teref)eht al%\tes, polycarbonates, pc())IymethyImethacryIates, polyimides, polysulfones,
polyﬁ}her F('J’H%?S' cyclic polyolefins, and 20 polyethylene naphthalates. [12] The resin mold
according to any one of [1] to [11]; where period of the depressions and protrusions pattern of the
surface is from 10 nm to.50 pm. 13] The_ resin mold according ta any one of [1] to [12];
SF-23788 whereoéﬁ*a%}é%?’theodggrle%éigr;fg aarl%rogr%%%gf%)ﬁgnp%% rﬁ%éﬁtﬁéngsmfa?c% %s’%ﬂ%;aieshaped,
columnar shaged, moih-egg-pattern shﬁpeq, or Ien§ shaped. [14] A method_of production ofa resin
mold com%?ism}élsq%ps BoF " COH{BOaSp% yir?gL t6'3 stibRtard a Softftion disSolbn ofv8nf&5luble resin
and an addit;\olfe in a splvent, and formin%ha resin splu i%n I%yer on the substrate; éll) removing
A thie AfoTeiditibhad Fesit 107K0IGi6H fayaF dd fotming & fesin taye Ugdr the

the solverTtr
substrate; L .
the surface of the replica mold is prevented. Although it is
15 possible to prevent shedding of the release layer from the oxide
layer by formation of a release layer with this oxide laver
interposed between the release layer and the mold, adhesion of
this oxide film to the resin film 1s not necessarily good.
10007]
20 Therefore, there is a preblem in that, even when the release
layer and the oxide film are integrated, there still may be

transfer of the integrated release layer and oxide film to the

surface of the imprinted resin film.



(1M contacting a mold against the aforementioned resin layer, and transferring a depressions and
protrusionsrpatters formed in the surface of the afafementioned mold to the surface of the
aforementioned resin layer; and 15(1V) coating a mold release agent on the surface of at least the
depressions and protrusions pattern of the aforementioned resin layer, and forming a release layer of
uniform thickness. [15] A method of use of a resin mold comprising steps of: contacting the resin
surface againstithenesingnold according to 20 any one of [1] to [13]; and pealing the aforementioned
resin mold from the aforementioned resin. [16] The method of use of a resin mold according to
[15]; where=theaforementioneddesin is a photo-curable resin. [17] The resin mold according to any
one of [1] to [13]; SF-23789 where the resin mold is fixed to a roller. ADVANTAGEOUS EFFECTS OF
INVENTION{0@12] 5The resin mold of the present invention has excellent releasability from the resin
to be imprinted, and there is no shedding of mold release agent due to imprinting. Moreover, the

imprinted resin haszne Hansterdefeets; [0013]:L0Ihe resin:meld efithe; prasent jnventionis mainly
composed of resin, and thus inexpensive mass production is possible, and the resin mold is flexible.

BRIEf DESERIREON OIHEBDRAWINGS 15[0014] FIG. 1 shows a resin mold of the present

invention that has a quasi-4 layer structure. FIG. 2 shows the method of production of the resin mold of

the present inventign that hasa.quasi-4 layer siueture. 20FIG: 3.ghows,the-gethod of use of the resin
mold of the present invention. FIG. 4 shows the method of use of the roller type resin mold.

DESCRIPTION OFEMBOBIMENTS SE-23(810I0018) ¢« arlfieRrasent invention will be gxplained

concretely hereinafter. [0016]
Publication No. 2004~-306030

10 SUMMARY CGF INVENTION
Problem to ke Solved by the Invention
0009
An object of the present invention is to provide a resin
mold for Imprinting without transfer defects, that has excellent
15 releasability from the resgin to be imprinted, and that is free
of shedding of the mold release agent when imprinting. Moreover,
another object of the present invention is to provide a resin mold
that is capable of inexpensive mass production. Yet another
object of the present invention is to provide a resin mcld that

200 has flexibility and can be used by fixing to a roller or the like.

Solution to Problem
[CGCLO]

[1] A resin mold comprising:



The present invention will be explained with reference to the schematic cross-sectional view of the
resin mold; f thepresent invention shown in FIG. X [0017] The present invention relates to a resin
mold including: 10 a substrate, a resin layer formed upon the substrate and having a depressions and
protrusions pattern formed in the surface thereof, and a release layer including a mold release agent
and being formed of uniform thickness on at least the depressions and protrusions pattern of the
aforementioned resin |ayef;-15 where the aforementioned resin layer has a solvent soluble resin, and
the aforementioned resin layer further includes an additive that has bleeding ability with respect to the
solvent soluble regin,has a substituent graup capablef coypling with the aferementioned mold
release agent, and has a substituent group 20 having compatibility with the aforementioned solvent
soluble re&%y@%@%%@%@fg%%@g%ﬁs%ﬁ%% thevieln ofthe,afarementione resin layer
surface; and the group of the SF-2378 chemically with the aforementioned mold release agent and
couples together the.aforementioned resin layer and release layer. 1. Method for Production of the
Resin Mold This resin mold is produced by the steps of: 5(1) applying to a substrate a solution

dissolying a solven,goluble cesin and an addiivg In a salventend famwag desin salyion laver on the

substrate; (I removing the solvent from the aforementioned resin solution layer and forming a

resin layek ypgn dhe, sybstale: 40,(1).coniacing mgd against the aforementionsg resip layer, and

transferring a depressions and protrusions pattern formed in the surface o orementioned mold to
the surfac ﬁjfe th% Sa{%rgge&tllgned resin Iag%rb; ang t(JC\%)t%oagl 948 rpgldrresleaselg?gr%t‘on the surface of

& Ig . deOL_rUSl re (jLI’l ¥ .
atleast 15t epressions and protrusions pattern o e aforementioned resin Tfayer, and formlng a

release layer of u%@%rgne%hgcgges(f.l[gg%g] 1 Th% mmethod of procsi%(iigg tt%e qa%@ia-féayers §trg_ucture
resin mold will be described with réference to FIG: 2~ %fo%?é] A S0bstrate 475 prepareg as shown in

FIG. 2(a).?[gg20111 A dl;l%'g}_ ar %in S%’:Hti%n is a é)ligd to ghe su sst af%ée%gshg(\é\{}n in gl% %gb), and a
resin solution f%lyer% IS pro?:l(;cedﬁ.3 =, %é’fzﬁ) 0 Ja.ﬁ{iex?, fhe Solventis “re%nové)d?roomffhe resin
solult‘i nla /er 3' as.shown in FIG. 2(¢), and a resin layer 3 is form%j in which. _ the additive 2 is
ocallect & St BT bithé 4Urake Abave BT ATBUFALE (D032 PLo oieeine S10
having compatibility with saild solvent scluble resin and has
bileeding ability with respect to the solvent soluble resin;
said additive is localized in the vicinity of said resin
layer surface and the substiltuent group capable of coupling with
15 the mold release agent contained in the additive bonds chemically

with said mold release agent to couple together said resin layer

and release layer.

[2] The resin mold according to [1]; where the pure water
20 contact angle of the aforementioned release laver surface is
greater than cor equal to 100 degrees.
[3] The resin mold according to [1] or [2]; where the
aforementioned additive is a compound, or hydrolysate thereof,

indicated by the below listed General Formula (1):



Next, by contacting the mold against the aforementioned resin layer 3 as shown in FIG. 2(d), the
depressiogs.anghprotrusions pattern formed in the gurface of this mold is M transfered to the surface of
the resin layer. [0023] Thereafter, as shown in FIG. 2(e), a release layer 1 of uniform thickness is
formed on the surface of said resin layer 3 at least where the depressions and protrusions pattern is
15present. <Step (I): Step of coating the solution dissolving solvent soluble resin and additive in a
solvent on the sybstrate, and forming a resin solution layer> In step (1), firstly the solvent soluble
resin and the 20 additive are uniformly dissolved in solvent to produce the resin solution. [0024] The
solvent is\a norRah organic sojvent, as exemplified by: SF-237813 like; ketone type solvents such as
acetone, methyl ethyl ketone, cyclohexanone, or the like; halogen type solvents such as methylene

chloride, chloroform, garbontetrachlaride, ethylere chlofide, tetrachlaroethang, chiorobgnzene, or the
like; ether 5 type solvents such as tetrahydrofuran, dioxane, ethylene glycol diethyl ether, or the like;

ester type; solyents ias methyl acetalgqethy! apetate, cthylcellosalve -propylene %I_yg%methyl
a

ester acetate, or the'like; alcohol type solvents such as methanol, ethanol, isopropyl alcohol, or the

like; gs well as %Qtfﬂmft@@fogmagﬂ@%ydigl%n%',sugfggs@fdgigﬂﬂg fgumamide, of the like, From the

standpoint of coating ability, the solvent iS preferably’an aromatic type solvent or ester typée solvent.

Moreover, pronylene. dlycalmethy! ther acetare and glusne ave narticularty preferreq solvents.

15[0025] The additive which is possible to use, has a substituent group that is capable of coupling

with the aforemen gned pald ieen agen! anias & subsliusnt droup i s pompaihle with the

aforementioned solvent soluble resin and has bleed 20 with respect to the solvent soluble

resin. [0029]e O%ﬁgg{pl%sfoﬁztﬁg aéjgijtji:v ié\%

ide the compaunds indicated by the below listed
General Formula (1) and hydrolysates of suc %:%é’%&%ur? sﬁ%ﬁyﬁ%ﬁgﬁb&%ﬁs-n (CH3) nS1X(1)

In General Formula (1), Y is a methoxy or ethoxy group; X is an.organic group,including qne type
selected ﬁogr%rfﬁgegr}éﬁg ‘?ﬁdﬁﬁﬁf‘gnany%ﬁ%%y é%u%p%%rﬁ/c%o%/glrgu ,e r‘%%gtigﬁ/alwe&j%hsoﬁfuted phenyl
group or amino grqup;.and nis 0.or 1. The organic group preferab ygas to 9 carbon atoms,
mo:?a%preferably hﬁiﬁ ﬁ)ﬁg clé?bsolnnaf%%g alan%pfféi%ﬁﬁﬁe?cf)DreF?e?r[dbfi/rhaf“]s4 to ‘cea“?‘?%o%1 I%ff}oms. 10[0028]
Here, the Y.group or the hdc]irol sate thereof is considered to be the group that ha tEe ability to couple
with the A1GreMETTIONEGTRAIG FAISACS S5t Y KORSHErRA fo B o GretR that na amiatiniiy with

the aforemention%d soIvth soluble _ . , . o
a substituent group of the same type as X in the aforementicned

General Formula (1).
[6] The resin meld according to [5]; where, in the
15 aforementioned solvent soluble resin, the content of the
constituent unit having the substituent group of the same type
as X in the aforementioned General Formula (1) is from 1 to 15
percent by weight.
{7] The resin mold according to any cne of [3] to [6]; where
200 the aforementioned substituent group of the aforementioned
additive having compatibility with the aforementiocned solvent
resin is the substituent group X in the aforementioned General
Formula (1).

[8] The resin mold according to any one of [3] to [7]; where



15resin. [0029] Any resin may be used as the solvent soluble resin as long as resin that is soluble
in the aforemeioped solvent and there is no sepagation from the aforementioned additive. Examples
of 20 thermoplastic resins include acrylic type resins, metnacrylic type resins, styrene type resins,
epoxy type resins, polyester type resins, olefin type resins, polycarbonate type resins, and the like.
When the additive is a compound as indicated in the aforementioned General Formula (1), from the

standpoint gt SF=23£81s compatiblibowith the addiive, thesolvent soluble fesin js pegferably the

above mentioned thermoplastic resin that has a constituent unit that includes the same type of

substituent group as X Fhe canstituentunithaying,the same ine.of SUbstuent:5 group 88X is

included (based on total constituent units of the resin) at a concentration that is preferably from 1 to 15

percent by weight; and more preferably, from.2;10.1 pegcent by.weight, When the aforementioned

range is used, although there is no separation of the solvent soluble resin and the additive, both 10

components aze not entirely misgible after semovalof.the solyent, nd,itis thaught that the additive

bleeds out toward the resin layer surface: [0030] When the solvent soluble résin and additive are

added to 15 the aforemeptioned sojyent, bath companents dissalve sipiformly, Taking e total parts by
weight of the solvent soluble resin and the additive t6 be 100 parts by weight, the added portion of the
solvent soluble. resjn j solvent i bly fr 7t rts. by weight, and mor ferably
from 91 to%% gg?sr%il/p ?Ntlg%%?{%g énrc?& t g%}d%%ép%rﬁ%ntogf) %%%%éﬁi%ﬁ %ﬁtﬁg ggle\é/esng}lg 8pi;peéf(a(;:‘rably from
1 to 13 parts by .weight, and maore preferably is,from.2 to 9 parts by weight. The total added amount of
the sohvert LBl B e At S oo enE e b the b Sue 1S o R 25 20 0 by
weight, ang more preferably je 10,10 406 -SF 23781 by weight, [0q31] Thereafier, the sglytion
containing the aforementioned  solvent solublé resif and additive iss&lvednllﬁsgl\fent’ IS cOoated 5
onto the s]rLE{(kgstore_u;Eeé aIQd r}hi r%%igggggutgpgtlgéer ig fgqrplce)g:. [0(8321: £ Exam&:tlles ?f the substrate
include one R/pe selected from amony resin s&bsjfraTes, g ass’ gubsjt?la 58,63| icon substrates, sapphire
subslt5ates, carbon %ubstrates, and GaN substrates. For 10 forming a flexible resin mold, the resin
substrate ?sorﬁ%?élr% fe, the substrate is exemplified by one type selected from the group including
polyethylene terephthalate, polycarbonates, polymethylmethacrylates, polyimides, polysulfones,
polyether sulfoneé,q Yrelic oy ofethd %fnl% %8@%%%7\@%3%6%%5{%& ﬁé[b%é?ﬁ [gPE%eTrﬁﬁf%s of a coat
ing method of the solution on the substrate include spin coating, spray coating, bar coating, lip coating,
slit coating; 61 TE TRE S SHF ) SEp-6fembvifg e SoR/ént b the Gtdremantishéd 2B resin
solution layer and forming the resin layer upon the substrate> Thereatfter, the solvent is removed
from the r@é%lgocf&tic?ﬁf}?a?a"e?fiﬁﬁd aTRERaysr RfOPMedT TheTREMEYBFESMPTiEES tRé Sofient soluble
resin, and the additive which has a substituent SF-237817 group capable of coupling with the
aforemenfidfied Aibid release agent, has a substituent group having compatibility with the
aforementioned solvent soluble resin, and has bleeding ability relative to the solvent soluble resin.
5[00%34] Exanmplés of 3Sehfovanethdd dFfHersoenttificlbde plading Bfe fé¥in solution layer on a
hot plate or the like to cause drying. The temperature of drying is normally a temperature greater than
or equal t6¥Re BBftinG POl thia SbivERE ahdtthid fefiperaiite 26 i§ attefpératirethat ddes not

affect properties of the resin or the like.
the group consisting of : polyethylene terephthalates,

polycarbenates, polymethylmethacrylates, polyimides,
pelysulfones, polyether sulfones, cyclic polyolefins, and
20 polyethylene naphthalates.
[12] The resin mold according to any one of [1] to [11];
where period of the depressions and protrusions pattern of the
surface is from 10 nm to 50 um.

[13] The resin mold according to any cne of [1] to [12];



[0035] A thickness of the resin layer formed in this manneris  normally from 50 nm to 30 pm, and
preferablyis from $00 nm to 15 10 pm. Such a thigkness facilitates imprinting processing. [0036]
Compatibility between the additive and solvent soluble resin is thought to change due to this drying
step. Except for the substituent group having compatibility with the solvent 20 soluble resin, the
additive is thought to not have good overall compatibility with the solvent soluble resin. As a result,
when solvgnt issremayed fremcthe resipsolutionayer oy the-substituent aredp haying:eampatibility
with the solvent soluble resin is thought to remain within the resin layer, and the SF-237818
remainingseanstituent part ofdthe additive s th@@ﬁiﬁﬁ@ﬁf@%@%@@ytmwﬁéwﬂ%fﬁsulting in
bleeding at the surface of the resin layer so that the additive becomes localized in the vicinity of the
resin layeg syrface. 3[0032ZL s siBysdf the additive is the compound indicated by the aforementioned
General Formula (1), due to the solvent soluble resin having a constituent unit having a substituent
group that is the same type-as the SHRSHILENLAIRUP%, the additive,has 10,parfiat ¢ ibility with the
solvent soluble resin, and it is thought that a structure does not result where the additive and the
solvent sgluble resin are separated. Since the non-X part of the additive does not have compatibility
with the solvent soluble resin, the additive is thought to localize near the surface 15 of the resin layer,
resulting in bleeding,out ogclis. in.this context, the.exaressipn ' substituient groupJthat is.the same

type as the substituent group X""means a substituent group that has the same basic skeleton. For

example, {L .the gycldoxy,giou. tinmeaps the Saubsscﬁii%r}%@,rogwa%agﬁ;ﬁpgxyesmture- It 20

X is an optionally substituted phenyl group, this means the substtuent grou ng an aromatic ring.

[0038] Tagi gutpg total per n(ggyé/}(l%ighh%f Lpg év,ent soluble SF-237819 comprises the solvent
soluble rescl?fis prcé eragg rom 87 to 995perscen%1 y weight, and more preferably from 91 to 98 percent

by weight of the resin,layer. The resin layer comprises the additive.is preferably from 1 to,13 percent
by weight, and mgr"!“efe)reée%%ﬁ/lg rogmhi to %ﬁgeer%gn%%f I\Yflve%lg(%hef 8%%5%%%%13}%&? hen the
proplcartioréso?% t@g %ol\i%ntesoluabr% r OiE} aan adéjitJi:vee are \ﬁ/iaj[lhin rthg aé%remleentiongg ggggg,_the resin
layer and re ease?ayer are bonded ogé%e?wnh Sutficient gghesn?eness, and there is no’shedding of
the_additive from % si_rg: {I%/%. JEQL < Stgpm!él)t dStg gﬁ‘ncsogt%%iggat erm%lg aﬁglair;jsét éhe g;%rgmentioned
resin layer, and transferring the depressions and p strusions patternofo med in the Surfaée of the mold
to the surface gf the a orementiipned.resin layer> The surfaceg ometr tsli'ge., depressions and
protrusionsafg batt%Pn% of the did lfi?erl.%u%ré? T6tar siicon 261 thidiik Srhoalﬁis/ JeR4'Tor Pmprinting) is
copied (ir?printeg) to the surface of the foremengioned resin Iayer.FLOOBQ] Although no farticular
limitation 1 plaged dh tHE sGHACE 26 geombtry {deirassiohs ARe protidions fattert) of 8¢ mold, the
surface geometry preferably has a period of 10 nm to 50 pm, a depth of 10 nm to 100 pm, and a

transferrifg stftacé of I G¥o'T 6 X 166=2 Mbre'5réferabfif the surface geometry has a period of 20

nm to 20 um, a depth of 50 nm to 1 pm, and a transferring surface
15 {(IV) ceoating a mold release agent on the surface of at least

the depressions and protrusions pattern of the aforementiocned
resin layer, and forming a release layer of uniform thickness.
[15] A method of use of a resin mold comprising steps of:
contacting the resin surface against the resin mold according to
20 anv oeone of [1] to [13]; and pealing the aforementioned resin mold
from the aforementioned resin.
[16] The method of use of a resin mold according to [15];
where the aforementioned resin is a photo~curable resin.

[17] The resin mold according to any one of [1] to [13];



SF-237820 of 1.0 to 0.25 x 106 m2Due to such surface geometry, it is possible to forma sufficient
depressiofs-anepgotrusionspattern intheresinlayergExamplesofgeometryincludemoth-eyepattern,
linear, columnar, monolithic, conical, multi-sided pyramidal, 5 and micro-lens shaped. [0040] The
transferring (imprinting) n ing) is performed by thermal imprinting since the aforementioned resin layer
is a thermoplastic resin. 10[0041] For the thermal imprinting to be performed using the operation
normally ysed-for thermal dmprinting of a thernnal plastic resim, apreferred thermal imprinting operation
that may be cited is performed by maintaining the mold at a pressure of 15 0.5 to SO MPa for 10 to
600 seconds against a resin heated to a temperature greater than or equal to the glass transition
temperature (Tg), thereafter cooling the resin to a temperature less than or equal to the glass transition
temperatwe- (I gy anedhenputing-apart theymeld-ang resin layer. The depressions and 20 protrusions
pattern is formed in the surface of the resin layer by the thermal imprinting. <(Step 1V): Step of coating
a mold relegse agent at least on the surface where the aforementioned resin layer has the
depressions and protrusions pattern, and forming a release layer of uniform SF-237821 thickness>

On at least the suface having the pattern.of the, afarementinned resin layer, the releasedayer is

formed by coating the aforementioned mold release agent by a normal coating 5 operation such as dip

coating, Spiv coaling; yapor depgsition, spraying..oy e like, Fyribermore, the mold relgase agent may

be a mold release agent diluted by an organic solvent in which the mold release agent dissolves.

[0042] 107 he g0t delaase, ageplisrelerably,at ieast ope ipe selacted fro/n {08 guou fagluding

fluorine-based silane coupling agents, perflioro compounds having an“amino group or carboxyl group,

and perflli%gf}_g%r?@@%%lﬁd%g%vigg a@r%”ﬂ?? group or é:@époxyl group. More preferably, the mold

release agent is at least 15 one type selected from the group including fluuorine-based silane coupling
agents, mgno-t Eminal aminated perfluoro (perfluoroether) compounds, and mono-terminal

carboxylated perfluoro (perfluoroether) compounds, either as a single compound or a mixture of single
compound and mﬁﬁ'é"?;&%&"rloﬁ%’ldas-o%o[ R‘e‘%rese%e&‘é@%QE%FC?IT%%“%%%"AX&G%‘%%%@ %%“d is used
as the mold release agent, adhesion to the above mentioned resin layer is excellent, and releasability

from the i(%orij:nted resin i e?hellent. SF-237822 [0044 After the aforementiqgnljeed coating

operation, finSé treatment of the surtace of the mold release %%%EE“ 8&3&1159 it s (?(-i\raﬁ‘t)rfﬁ1 performed

using, for&ggm le, fluorine-based iolve[g%t;such as 5 perfluorohexane. Although the aforementioned

rinse treatmen i%sp:‘ré}fe{fl%g i %rgeret%lo tdih a release layer of uniform thickness, it is permissible not
to perform rinse treatment if it is possible

BRIEF DESCRIPTION QF THE DRAWINGS
15 (00147
FIG. 1 shows a resin mold of the present invention that has
a guasi—-4 layer structure.
FIG. 2 shows the method of production of the resin mold of
the present invention that has a quasi-4 layer structure.
20 I'IG. 3 shows the method of use of the resinmold of the present
invention.

FIG. 4 shows the method of use of the roller type resinmold.

DESCRIPTION OF EMBODIMENTS



to maintain uniform thickness of the release layer by the aforementioned mold release agent coating
operation;10[084%] Due to this process, a relggse layer is formed that preferably has a thickness
of 0.5 to 20 nm, more preferably 0.5 to 10 cm, and most preferably 0.5 to 5 nm. [0046] 15The release
layer is thought to bind to the aforementioned resin layer by chemical bonding between the mold
release agent and the group capable of coupling with the mold release agent of the additive mainly
present ngayrthe resin layer surface. The chemical bonding is thought to be due to condensation
reaction. 20[0047] When the aforementioned additive is indicated by the aforementioned General
Formula (1), the spRstityeat.group; ¥«enRydrglysate thereaf) is thought to,chemically, bonded with a
substituent group (including groups generated by hydrolysis) of SF-237823 the mold release agent.
The chemical bondingds thought to be due to condensation reaction. [0048] The aforementioned
release layer is formed at uniform thickness on at least the surface that has the depressions and
protrusions-pattern of the resin layer. The expression "uniform thickness” means substantially uniform
thickness, and means a thickness that is uniform within a standard deviation of 0.1 to 10. Therefore,

the syrface of theglease Jayer maintains;the 10 depressions and, prousians shape of the gesin layer

surface geometry. [0049] The release layer contact angle for pure water on the release layer

surface isyeferably.at least 100.degrees  more preferably, L5is from 100 40,130, degrees, and further
preferably is from 100 to 120 degrees. [0050] Wetting ability is low when the contact angle is

within theiq;{c\)rr&mﬁrg@gngg Cg%ggma@cfg_is ih_us possiblg to suppress flow 20 of the resin of the release
layer surface during coating of the liquid imprinting resin on the surface of the release layer. It is also
thought thfafg gie]iT[nprinted resin becomes readily pealed from the release layer surface. 2. Resin Mold
SF-237824 he resin mold of the present invention is produced by the aforementioned production
method. [0051] The invention.of the present icatign is_a resin maold.that has a multi-layer
structure. [0052] TheAgrs Ec’)\?v%gnlﬂ‘éerlp e rers??ipﬁtﬁg of the' prreessé%rt\lir%{\l/%ln |oﬁrf§%uq@a%%4 layer
strucfure [aesin 3(rjnsqplgﬁ éhg%t haas a esgjprgtr te 4, a J%gsinelgyer % ;o%%ed g{;gg ghg géoréerrln ntgoyfd substrate
and having f0'8 depressions and pro fdions péirﬁrérn, e aforementioned additive mainﬂ/gpresent

near the rgsinela)éer SU{I%CS‘?’ agg a [feé%%%eslfz\ggr 1 fo%m%q: gf ggifcgqr@gné@ickq Ss asttllg st on the surface
of said resm% er@fﬁavmg thie eBressmns and’ pPo%ru‘smns ﬁatfe“rn. 15f605 ? eresin layer of

the resin n}gldrof tpe pregegt invention |§the resin Iaiyeé .formednpg/lséeggfgggélIlgcgélgf%eand

aforemenﬁoﬁge(? Brdduacl%lon method. sl%er%?’o‘?é:, tHe sotvent? 2
being formed of uniform thickness on at least the depressions and
protrusions pattern of the aforementioned resin laver;

15 where the aforementioned resin layer has a solvent soluble
resin, and the aforementioned resin layer further includes an
additive that has bleeding ability with respect tc the solvent
scluble resin, has a substituent group capable of coupling with
the aforementioned mold release agent, and has a substituent group

20 having compatikility with The aforementioned solvent soluble
resin;

the aforementioned additive is localized in the vicinity

of the aforementioned resin laver surface; and the group of the

additive capable of coupling with the mold release agent bonds



soluble resin and additive composing the resin layer, the 20 dimensions of the resin layer, and the
structure @f:the tegin layer are as explained above;The height "a" of the resin layer shown in FIG. 1
(i.e. the height of the part lacking depressions and protrusions shape) is preferably from 1 to 15 times
height of "b" shown in FIG. 1 (i.e. height of the depressions and protrusions SF-237825 shape).
Imprint processing may be performed without problem when this ratio is used. [0054] The release layer

of the resinaald.of the presentinvention:bis,the selease-layer farmed by the.step (V) of the;

aforementioned production method. Therefore, the mold release agent composing the release layer

and dimensions gttheglease]ayel-are:as described-aboye. [0035) 10The afarementioned resin layer

and the aforementioned release layer are thought to be bonded together by chemical bonding between

the aforementigned additive and mold yelease agent. Jhe; meghanism thereof is as described above.

[0056] 15The aforementioned resin mold has the desired geometry on the surface. [0057] The

"desired geometry s nopmally, a,depressions gpd protrysions pattern that has a fixed repeat

frequency. That is 20 to say, this is a depressions and protrusions pattern that preferably has a

frequgncy of 10 nqﬁgz%g%%gloqe%haofsla%m%% un; and ﬁh_tga- eggs&rma%g%%eﬁg%géo 1.02

106 mm2. [0058] S umnar, monolithic, conical, multi-si pyrami micro-lens

shaped. [0059), . -1 o wouds Lhgesin o of e present inyention fias 5 a resin fayer having

m:l.ﬂ% d IT . .
a depressions and protrusions pattern structure on the surface, ahd as a refease layer including

a mold relggﬁ@gggt ﬁoggﬂéeg f aeg%i orgglghsi%lg:necss on at least the surface having a depressions and

. at2; . :
protrusions pattern structure of t orementioned fesin 10layer. The above mentioned resin

layer includes an itive (i.e. the compound indicated by the below listed General Formula (1) or a
S E 115y G T bt e AP FORUG (T 3 1O A et or ethory

hydrolysate there 3- within the General F6
group; X |§d@u%rjggrqlcl%trogg |g%lgdlpg one type select%d {rom the %rouptlggludlrg; an eELoxy group,

glycidoxy group, and o %nally substituted” hgnﬁ%sré"up or Amind' %up; Khd i oF ?énd a solvent

soluble resin having a substitaent group that 20 is the same type as the substituent group X in the
9‘ﬁdl ﬁgﬁ}%ﬁg jig = ?ﬁé?eﬁﬁﬁ&ﬁ%s %%raacjt:gnrzeé%ei%‘tﬁgpﬁ% aforerentioned

aforementioned Gener

resin layer and releasg layer are bonded together due to chemical bonding between the mold release
ransferring a depressions and protrusions pattern

agent an fhe " Substitiien group
formed in the surface of the aforementioned mold to the surface
of the aforementioned resin laver; and
(IV) coating a mold release agent on the surface of at least
15 the depressions and protrusions pattern of the aforementioned
resin layer, and forming a release layer of uniform thickness.
[0018]
The method of producing the guasi-4 layer structure resin
mold will be described with reference to FIG. 2.
200 [0019]
A substrate 4 is prepared as shown in FIG. 2{a).
[6020]

Next, a resin solution is applied to the substrate 4 as shown

in FIG. Z(b), and a resin solution layer 3' is produced.



SF-237827 Y of the aforementioned additive or hydrolysate group thereof. [0060] A roller type
resin mold;is citeghas one aspect of the resin mold, gf the present invention. 5[0061] As shown in
FIG. 4, a roller type resin mold is a mold of a configuration similar to the aforementioned resin mold
where the mold in a form wound upon a roller or the like with the depressions and protrusions surface
is oriented outwardly. 10[0062] Ina preferred configura on of the roller type resin mold, the mold
has a flexijpie strycture of 30 to 300 pm thickness. [0063] 3. Method of Use of the Resin Mold 15(1)
Normal Method of Use The resin mold of the present invention is used with advantage for

imprinting a thermpplastic fesin thegmoselling resin. pr-phptoseurable resin, Mare preferghly the resin

mold of the present invention is used with advantage for imprinting 20 a photo-curable resin. An

embodiment ofdhe;method,otyse will be described using FIG, 3.[0064]) £ Next,as showy in FIG.

3(a), the resin mold of the present invention is contacted against the resin 5 surface. SF-237828

[0065] ¢ Nextqas showniin;EIG 3(b) s the resin mold.of the p %iexgng%gﬁae%e'gﬁo%a% and

the resin 5 is obtained with a patterned surface. 5[0066] <Step of contacting the resin mold against the
resin gurfage> . ,1,Lhe 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. 10[0067] Any
substrate m@é% used without limitation as the substrate 6 provided that it is a substrate normally
used for imprinting, as exemplified by resins, glasses, silicon, sapphire, gallium nitride, carbon, silicon
carbide, or the Iikﬁ.e;;k'%[OOQS] o ﬁf a t:hfnrg]otpllqaestic(ﬁ in_or thermos&tgn%%esig iSéH%Eid' i%i&: possible to

ntac . , I aJalnst. . (o] it n .
use the procedure used for'normal thermal imprinting er?hoprllasttlc resin or t?lermoset?lng resin.

However, pr c%sgin is preferably performe pressing the mold at a 20, pressure of 0.5 to 50 MPa
for a time oefgljo to‘ggbegec%n%ss a%%a%n}\v?t the %s%% hga ég fo%%gméjgpaﬁrsesglf)e%?erat}ﬁg% or equal to the

glass transition temperature %l) 00Q69]_SE-237829 resin may be without limitation as the
thermoplfs?i%?ggﬁl&qﬁepnﬁél;e ﬁr’gg%%é%‘ﬁ‘?fbo%] the “SUrTade O%Se&ls mo1d 12

10 transfered to the surface of the resin layer.
[0023]
Thereafter, as shown in FIG. 2(e), a release layer 1 of
uniform thickness is formed con the surface of said resin layer
3 at least where the depressicons and protrusions pattern is
15 present.
<Step (I): Step cf ceating the solution dissolving solvent soluble
resin and additive in a sclvent on the substrate, and forming a
resin sclution layer>
In step (I), firstly the solvent soluble resin and the
20 additive are uniformly dissclved in solvent to produce the resin
solution.
00247
The solvent i1s a normal organic solvent, as exemplified by:

aromatic type scolvents such as benzene, toluene, xylene, or the



If a photo-curable resin is used, it is possible to use the 5 operation normally used for photo imprinting
of a photozeurabiezresin. However, the procedure ig;preferably performed, while maintaining contact of
the mold against the resin at a pressure of 0.1 to 5 MPa forl to 600 seconds, by irradiation using
energetic radiation (i.e. ultraviolet radiation, visible radiation, 10 infrared radiation, or electron beam
radiation). [0071] In photo imprinting of the photo-curable resin, since greater pressure is not

required than éhatfor thermaldmprinting-indhe abovesdsserbedmannes, it is passible to,appropriately
15 use various types of embodiments of the resin mold of the present invention. For example, a

flexible embedigent of the resir mald Oime%yk@}HSJB%é%mﬁ'm(@%th@dEk@e‘?ﬁ@%%‘é@zs'[@e may be used

with advantage for photo imprinting of the photo-curable resin. [0072] 20Any general photo-curable

resin may-Re Hsed as the photoscurable sesir without imitation (0073}, £Step;ef S%l%ffﬂ@gléhe resin

and resin mold> When a thermoplastic resin or thermosetting resin is used, SF-237830 the resin is
cooled to atempesature dess.than or eaual o the-glass tiapgition demperatire (Tg), and-the.resin layer

and the mold are separated. [0074] 5When a photo-curable resin is used, the mold and resin layer are

sepaated. [0Q73}(2) Method ofiUse As.a Rollen Type Resin Mold.. ..~ The esin mgld. of the present

invention may be used as a 10 roller type resin mold by wrapping the resin mold upon a roller or the

like. [0076]; o - ,Use of the resin meld as;a raller type. r%@%ﬁéﬂ@'@&%@@%@%l

photo-curable resin. As shown in FIG. 4, the 15 aforementioned step of pressing the resin"mold

against the aforemenfioned tesin sudace,is composed, 8f1WS?%%%*;&%?%&@&T%%@%‘pO” a

roller against the aforementioned resin surface and irradiating t ation. 20 4.

Applications, . .- C,;I'Cp@etrgg,gwr meld of the jpres Nk SVSQE%%% Q%ﬁ%&?{%%@@ﬂng a Ht!g%‘rglm%ng)lﬁstic resin,

thermosetting resin, or photo-curable resin. [007 831 € various pro licts obtained

o e MU o5 e o 0 Semcanch el ool e, e e
electgonic matarials sueh.2.assemiconductors, LEDS, hard dises, of fhe dike- 19072] o v thne
like. From the standpeint of ccating ability, the solvent is
preferably an aromatic type solvent or ester type solvent.
Moreover, propylene glycol methyl ether acetate and toluene are
particularly preferred solvents.
15 [0025]

The additive which is possible to use, has a substituent
group that is capable of coupling with the aforementioned meld
release agent and has a substituent group that is compatible with
the aforementioned solvent soluble resin and has bleeding ability

200 with respect to the solvent soluble resin.
(0026]
Examples of the additive include the compounds indicated

by the below listed General Formula (1) and hydrolysates of such

compounds.



A surface pattern geometry period of 20 nm to 500 nm is preferred for use in semiconductor materials,
media, opticabalements, or the like. A surface pattern geometry period of 200 10 nm to 20 pm is
suitable for use in prisms, micro lenses, or the like. [0080] If the resin mold of the present
invention is a roller type resin mold, the resin mold may be used for continuous molding, 15 and such a
roller type resin mold is preferably used for optically functional films such as a micro lens film,
anti-reflectiyeihm, or the like. EXAMPLES 20[0081] Although the present invention is explained
below further based on examples, the present invention is not limited by these examples. [0082]
SF-237832,__ (cHmthei specification of the present application and in the examples, various values
were measured by the below described measurement methods. [0083] 5 <Weight average molecular

weight Mw>  Gel peraeationrshromatogiaphy, (GFQ) was wsed te detenpine weightaverage
molecular weight (Mw) based on standard polystyrene. Measurement Conditions 10 Equipment:

HLC-812Q GRQ (mamfactured; by, Toseh Corpg GelumiyJhess calumns listed below yverglised in
series. [0084] TSK-GEL HXL-H (guard column, manufactured by Tosoh Corp.) TSK-GEL G7000 HXL

(mangifactyred by TRsohCoMb k15 JSKGE L GMHXL Lmanufactured By Tosah, Corp.) TSK-GEL
GMHXL (manufa&E%:d by T@o% C%rp.)gSlIg-GEEGZS%]g@ H)ﬁ%mamufactgred by Togoh Corp.)

Sample cga%%&tgactm@"gw& mt%mgrqyr%%@%ﬁﬁ%qn%gaﬂow d-Q mng/cm3 20 Mobile
u

phase solvent: tetrahydrofuran Flow rate: 1.0 cm3/minute Column temperature: 40C <Thickness of the

Resin Layer> Thi%@%%@&%%%é@ﬁ/%%%%w%%ﬁe SgParalion, 3F-23(B33 hetween the

resin layer bottom surface and the highest surface within the surface having the depressions and

protrusions; patiern, 100851 <Thickniss.ofthe Release Laver=/ tigkngss msasuispugr fevice

(model F20, manufactured by

has 3 to € carbon atoms.
10 [0028]

Here, the Y group or tThe hydrolysate thereof 13 considered
te be the group that has the ability to couple with the
aforementionedmold release agent. X is considered to be the group
that has compatibility with the aforementioned solvent soluble

15 resin.
[C029]

Any resin may be used as the sclvent soluble resin as long
as resin that is soluble in the aforementicned solvent and there
is no separation from the aforementiocned additive. Examples of

20 thermoplastic resins include acrylic type resins, methacrylic
type resins, styrene type resins, epoxy type resins, polyester
type resins, olefin type resins, polycarbonate type resins, and
the like. When the additive is a compound as indicated in the

aforementioned General Formula (1), from the standpoint of



Filmetrics Inc.) was used. Measurement was performed at 5 arbitrary locations within the surface, and
the averagg-valyegvas taken to be thickness of thg gelease layer. Uniformity of thickness was checked
by the standard deviation of the 10 aforementioned 5 points. [0086] <Contact Angle of Pure Water
against the Release Layer Surface> The contact angle is measured in air by placing a minute
water droplet of about 1 pL volume was placed on the sample 15 surfacewith a Kyowa Contact-Angle

Meter modelA-D nanuiaciured by Kyowa |ntetface Science G, Ltd; Measurement copditions were
based on JIS R3257. [0087] The rate of change was found by the following formula: 20("pre-imprint

release layercontaghangler. - Jposkimprnt releaselayerconiactangle”) Jpresimprintieleaselayercontact
angle" x 100 (percent). [0088] <Surface Geometry (Pattern)> SF-237834 The period and line

width were evaluated by SEM.(34800, manufactyred by Hitachi High Technolegies.Cgrp.), and depth

(height) was evaluated using an AFM (L-Trace, manufactl_Jred by SIT NanoTechnoIo_gy, I_nc.). 5[0989]
<ImprintingResultgz . - Jdaero-eualualion: The yansferiag %@C@&é@ﬂ%@ on theimprinted resin

was observed at x20 magnification using an optical nmicroscope (ELIPSE LV100, manufactured by

Nikory Corp,), apd.the,19 presence or aab(%%l‘sc&ﬁ’fofﬁs%%%%c'HBE'%@?%%%\AA%S'SC'&‘%’?% checked. ~ O:

There was no resin attachment. x : There was resin attachment. e pattern formed

in the imprigted resip was fmeasured by SEM. and the eyaluation was performed by determining 15

I
whether or notdtrhere was a c%ange n '%P/we SEM measurement resdlts or the patter formed in the resin

mold surface according to the below listed standards. . The amaount of change was less than 10
nm. X : Th%ey arvf]]%]u%%l Jc%f chaazllr%igér1 Was g?égte?}fﬁanggr e%ﬁg\ t%ol%on%&283Rﬁ?5e%t¥1?:wleﬁ@%l§ftem

formed in the imprinted resin was meas rg% gééb\@\él L‘I}'hg resenge or %bsﬁernecgeof ,char?ge based on
the AFM measurément results ToF the pattern formed in the sufface of the resin motd was determined

and evaluated accarding to the below listed standards. SE-23783 0: T%e amount of change was
less than iapnarrl{.a% o7 e%?n(?ugn 631‘0(\:%5%%% v@gsﬁﬁpeﬁa ef Sa:rL1nora(§q%atfktlce)2 16% %)‘(rgmp?eoﬁi)
Preparation of Resin (PMMA type) for, the Resjn Mald 5 95 parts by weight of methyl methacrylate
! B nAhGabALTG By K5 G st r s

(product Name S TTGHT ESTR manufactired %y yé31 &va CREIRICA @gtﬁéf 5’§ﬁ‘§by weight

of glycidyl methacrylate (product name = LIGHT ESTER G, manufactured by Kyoeisha Chemical Co.,

Ltd.), and parts by Waight of toldend Werd Wtet 16 & #&SCEqippedWifF & the resin

layer surface.
[00306]
When the solvent soluble resin and additive are added to

15 the aforementioned solivent, both components dissclve uniformly.

Taking the total parts by weight of the solvent scluble resin and

the additive to be 100 parts by weight, the added portion of the

solvent soluble resin in the solvent is preferably from 87 to 99

parts by weight, andmore preferably from 91 to 98 parts by weight,
20  and the added portion of the additive in the scolvent is preferably

from 1 to 13 parts by weight, and more preferably is from 2 to

9 parts by weight. The total added amount of the solvent soluble

resin and additive in the soclvent relative to the scolvent is

preferably 5 to 50 % by weight, and more preferably is 10 to 40 %



10 a stirrer device, nitrogen gas feed tube, thermometer, and tubular refluxing condenser. Thereatfter,
whilen oger gasygas fed into the flask, the contenig; of the flask were heated to 80C, 0.5 parts by
weight of dimethyl 2,2'- azobis(2-methylpropionate) (product name =V-601, manufactured by Wako
Pure Chemical Industries, Ltd.) 15 as the initiator was added, and temperature was maintained at 80C
for 8 hours. Thereafter, the flow of nitrogen gas was stopped, 100 parts by weight of toluene was
added, ang,thedeggtion was stopped by lowering temperature to obtain the resin for the resin mold.
Molecular weight of the obtained resin is shown in Table 201. [00901 (ii) Production of the Resin Mold
) Productipn©f the Resin Solution Layer and Resin Layer The resin for the resin mold produced in (1)
was diluted SF-237836 10-fold using toluene, and then 5 parts by weight of

3-9chidoxyprOpIyﬁﬁa@@%@'@peﬂp@o%@@%=ﬁMﬁ%wmﬁ@ctyﬁ%@@@m—@%Ch_emical
Co., Ltd.) was added per 100 parts by weight of resin. Thereatfter, this resin solution was 5 spin coated

(2,000 rpra for;2Q seconds) anta apolygthvlane terephthalate flmy (PE D {praductname.: LUMIBROR;
manufactured by Toray Industries, Inc.; 0.125 mm thick), and a hotplate was used for drying for 15
minutes at,130C, Adesinjayer.ot.1.2.um fimdhickness was produced, %&0@9&] f{lizR)Jzorming the
Depressions and protrusions Pattern of the Resin Layer Surface e laminate of the
aforementigned film substrate and resin layer was heated to 140C, and a master mold (i.e. quartz
mold 15treated using release agent, transferring surface: 576 mm2, 150 nm L/S (linear geometry), 300
nm period, 150 nm depth) (gegfnat ) \%%SSQEeas[;gd .qg@insé h I sin Ia{.yer suyf nd thermal
imprinting was performed %t 140C“.P'I>'%1espressure of 23"0 MPua éu%n%th‘gﬂneal Slr%u:rgﬁr%gﬁgg V\%rsor%aintained
for 5 minutes. Thereafter, the 20 laminate was cool wn,tg 80C, or, less, the master mold was
removed%an%nt e?ggiﬁ%méf* v%gg% faihe ?crlasr%sfg}e“}%ﬁ%%u% agcse’of%lmlr%?ﬁ ,51%%32%175,,5300 nm
period, 150 nm depth). The period and line width were evaluated.using SEM (S-4800, manufactured
by Hiach IO Toam 08 oo ) RBr (Rl e AL S-S50 gt ALM Cirace,
manyfactiired by, 51T Nanotechnolo ﬂr!tnz%g? 190%351 ("f‘%s%@?d”ucéigjéroaf%re‘eféeée?éfe%% Ater the
resin mold obtained during step (ii- %ywas ippéds for minutes in-a perfltioro polyethertype mold

release agent solution (product name = QPTOOL HD-1100, manufactured by Dajkin Industries, Ltd.),
the resin BTt e e S ST 1O T i T 8 P S F T e BT, and 50%
relative humidity. Thereafter, the resin mold was rinsed using a 10 fluorine-based solvent (product
name = %bﬁzlllg-ﬁfff?rlﬁ%zﬁ%%ﬁlr%dtbeyrﬁgﬁ% ﬁ]‘ﬁ%?rfes? Eiffaa'?fﬂ%@ t&8ih mold was left for 24
hours in a 23C ant 65% relative humidity environment. The pure water contact ang(le was measured
(Kyowa Contact-Anbie Metsr frotief C22D, Riantractirst by Ry$iaintetfite SHENES 07, Lid.) as
110C. 15 There were no defects or changes of geometry in the patterned part (150 nm line width, 300
nm period, L50°F R Hepth)~ {00931 LY O MaSSrentett of RoRBCE BngRFor BaR-alérWas performed in

the air byr{]placement of a minute droplet (about 1 pL) on the 20sample surface. [0094] (iii)
Photd-na 8i9r?’p3ri]nting Using the Resin Mold 0.2 mL of a photo-curing resin (product name =

PAK-02, manufactured by Toyo Gosei Co., Ltd.) was dropped onto the resin SF-237838
Examples of a ccating method of the sclution on the substrate

include spin coating, spray coating, bar coating, lip coating,
s1it coating, or the like.
<{8tep IT): Step of removing the solvent from the afcrementioned
20 resin solution layer and forming the resin layver upon the
substrate>
Thereafter, the solvent is removed from the resin solution
layer, and a resin layer is formed. The resin layer comprises the

solvent soluble resin, and the additive which has a substituent



mold obtained during step (ii-c), the droplet was covered by a polycarbonate film (product name -
Lexan, magufaetuged by Asahi Glass Co., Ltd.), aqg a photo-nano imprinter device (manufactured by
Engineering System Co., Ltd.) was used to perform imprinting 5 by pressing at 1.0 MPa and
simultaneously irradiating ultraviolet radiation (10 mW/cm2) for 2 seconds. Thereafter, the molded
article was removed from the resin mold, and it was confirmed that there were no transfer defects in

the moldegr-astigle: ontact angle wasimggsured-by the same dnethod asdhahofl step:(ii=c)sit 10 was

confirmed that there was no change in contact angle. Furthermore, changes of geometry in the resin

after impriptingwas,checked 9y-SEMand ARM (148 a0 line wigth =298 nm peried,1#8-mm depth).

[0095] 15This resin mold was used to perform 20 consecutive photo-nanoimprintings. It was possible

to imprintyvitheut prablems (0096t ent  soNapoimprinting resulisand the abtaingdsgsinimold for 20
nanoimprinting are indicated in Table 1. [0097] Example 2 Except for setting the added amount of

3-glycidoxypropyitrimethoxysilangin step disa).efiExample 1l to SF-237839 10 parts by weight, a resin
mold was produced in the same manner as Example 1. The obtained resin mold was used to perform

photqnaqu@@gilj\ting in the same manner as that of Example 1. [0098] 5Nanoimprinting results and
the obtained resin mold for nanoimprinting are indicated in Table 1. [0099] Example 3 Except for

setting the added amaunt.af 10 3;glycidoxypropylrimethoxysilane in.step (i-a) of Fxample, 1 to 1 part

by weight, a resin mold was produced in the same manner as Example 1. The obtained resin mold

was used,tp perfarm photosnanoimprinting, i the,same, manner as-that of Example &Tﬁ]@%bm 1

15Nanoimprinting results and the obtained resin mold for nanoimprinting are indicate

[0101] Exgmple 4 é%eané\l%ué% ‘%Ié%&?@”%& Wel i?%%‘z@léﬁnag:eeéﬁﬁ%' tSLZeOa%%‘}tQ%%ﬁlﬁ ?r]: elo

parts by weight of glyc dylmethacry step (i) of Exa esin mold was produce

o et SRS LTl RIS IO Ao ard ot DRI
obtajped gesin mold fot nangimprning,are indicatedJn Table L. -+ ses of the resin or

the like.

[0035]

A thickness of the resin layer formed in this manner is
normally from 50 nm to 320 um, and preferably is from 5C0 nm to

15 10 wvm. Such a thickness facilitates imprinting processing.
[0036]

Compatibility between the additive and sclvent soluble
resin 1s thought to change due to this drying step. Except for
tThe substituent group having compatibility with the sclvent

20 soluble resin, the additive is thought to not have good cverall
cempatibility with the solvent soluble resin. As a result, when
solvent is removed from the resin solution laver, only the

substituent group having compatibility with the solvent soluble

resin is thought to remain within the resin laver, and the



[0103] Example 5 5Except for use of 99 parts by weight methyl methacrylate and 1 part by weight of
glycidyl methagtylate in step (i) of Example 1, a. regin mold was produced in the same manner as
Example 1. The obtained resin mold was used to perform photo-nanoimprinting in the same manner
as that of Example 1. 10[0104] Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1. [0105] Example 6 15Except for use of 95 parts by weight of

styrene (preguct Rame - StyreneManomer: manufactued by IdemitsuKasan Go.4.td) inplace of the

methyl methacrylate of step (i) of Example 1, a resin mold was produced in the same manner as

Example buhe abtained resinmold was used toerform, photo-naneinmprinting in, 20 the same

manner as that of Example 1. [0106] Nanoimprinting results and the obtained resin mold for

nanoimprintiag aee indicaied in TablenL{0102] SFs237841 Example.7 Fxcept for yse 0f,.95.parts by

weight of isobornyl methacrylate (product name = Light Ester 1B-X, manufactured by Kyoeisha

Chemical &0. kg in place.ef the meathyl methacrylate. 3 of step (i) of Example 1, a resin mold was
produced in the same manner as Example 1. The obtained resin mold was used to perform

photosnangimprinting in the same manner as that of Example 1. [0108] Nanoimprinting results
and the obtained resin mold for 10 nanoimprinting are indicated in Table 1. [0109] Example 8

Except for use of $alcidaenanylmethyldimetiowsiane (uadust name - 2:6044, mapyfactured by

Dow Corning Toray Co., 15 Ltd.) rather than the 3-glycidoxypropyltrimethoxysilane of step ( -a) of
Example 1. [eSia MO as pIOdUEeq 17U 53me aNNer.as Example «flgﬂbeen%bt%%‘[g%{g?“ mold

was used to perform photo-nanoimprinting in the same manner as t xample

RS o SRt s AT Bl s g e~

is the same type as the substituent group ¥, the additive has

10 partial compatibility with the solvent soluble resin, and it is
thought that a structure does not result where the additive and
the solvent scluble resin are separated. Since the non-X part
of the additive does not have compatibility with the solvent
soluble resin, the additive is thought to localize near the surface

15 of the resin layer, resulting in bleeding out occurs. In this
context, the expression "a substituent group that is the same type
as the substituent group X" means a substituent group that has
the same basic skeleton. For example, 1f X is the glycidoxy group,
this means the substituent group having an epoxy structure. If

20 X is an optionally substituted phenyl group, this means the
substituent group having an aromatic ring.
[0038]

Taking the total percent by weight of the solvent soluble

resin and additive to be 100 percent by weight, the resin layer



SF-237842 (product name = Light Ester BZ, manufactured by Kyoeisha Chemical Co., Ltd.) in place
of the glycidyl-methacrylate of step (i) of Example 15 and except for use of 5 parts by weight of
phenyltrimethoxysilane (product name - KBM-103, manufactured by 5Shin-Etsu Silicone Co., Ltd.) in
place of the 3-glycidoxypropyltrimethoxysilane of step ()-a of Example 1, a resin mold was produced
in the same manner as Example 1. The obtained resin mold was used to perform

photo-nanqimprinting in the samesnanaer ag that-of Example 1 LUOLL2L, ¢ Nanoimprinding results

and the obtained resin mold for nanoimprinting are indicated in Table 2. [0113] Example 10 15Except

for use oféera%ré%'@yxygeigaﬁgﬁldém%mmgge _ éﬁ@}e@qrglaf%m%%a@@e-%ﬁéts DM,

manufactured by Kyoeisha Chemical Co., Ltd.) in place of the glycidylmethacrylate of step {i) of

Example Land, exsept o) use of SipgLs bweidhL of 2 ipapiophgtinelhoxysliang, wrguct name =
KBM-903, 20 manufactured by Shin-Etsu Silicone Co., Ltd.) in place of the

-gycidoxypropyimethasysiae ofsiepy sanl Erample . g esinmold yas praducedjn the same

manner as Example 1. THe obtained resin mo to perform photo-nanoimprinting’in the

samemagng; S e ObCkaple.. BP-SURAILI o NarGIPHIIG resuip and e obtained

resin mold for nanoimprinting are in in Table xamp Except for use of

perfluoro nexanqic acid rather than th fluor ether type mold release agent of.step ( -c) of
Example R%%é%%lrﬁ&g v%i%%dﬁéé%%g iches %gmﬁ@giéa%%%%@sa@g%%gelTi}jlzﬁe%orbeta‘fngﬁdg rlezéin mold
was used.to perform 10 photo-nanoimprinting in the same manner as that of Example 1. [0116]
oG R S e Sh AT el oot e R et or A B Ad BT i€ 1. 10117

15 Example 1 Except for use of 1H,1H-tridecafluoroheptylamine rather than the perfluoro
o e e T e A O ot Braaad Tt same

manner as,Example 1. %Fhe obtained resin mold was used to perform 20 photo-nanoimprinting in the
HEF 3 Uit 31 EXAmpIe 1- (OR8] NaRGImBAntig resut

same manner as that §%hd the obtained resin mold for
nan%mpr@%iggeageil}(}i?ﬁtegggl;l'agzlze %bL?tlaj'gling the mold against the
| aforementioned resin layer, and transferring the depressions and
protrusions pattern formed in the surface of the mold to the
surface of the aforementioned resin layer>
The surface geometry (i.e. depressions and protrusions
15 pattern) of the mold (i.e. guartz, metal, silicon, or the like
normally used for imprinting) is copied {(imprinted) to the surface
of the aforementioned resin layer.
[0038]
Although no particular limitation is placed on the surface
20 geometry (depressions and protrusions pattern) of the mold, the
surface geometry preferably has a period of 10 nm to 5C nm, a depth
of 10 nm te 100 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 um, a depth of 50 nm to 1 um, and a transferring surfacs



SF-237844 Example 13 Except for change of the master mold used in step (ii-b) of Example 1 to a
master malkd.(geemetry Il) with 576 mm2 transferripg surface, 25 nm L/S, 50 nm period, and 150 nm
depth (linear pattern), a resin mold was produced in the same manner as Example 1. The obtained
resin mold was used to perform photo-nanoimprinting in the same manner as that of Example 1. [0120]
Nanoimprinting results and the obtained resin mold for 10 nanoimprinting are indicated in Table 3.

[0121] Exgmple 34.Excepp for.chapge gfithe mastermold.usedingsien (i-h) of Example 1,t0 a master

mold (geometry III) with 576 mm2 15 transferring surface, 75 nm L/S, 150 nm period, and 150 nm

depth (lingarpattern). g resinmold.was produced.in the same manner as,Bxample 1, The gbtained

resin mold was used to perform photo-nanoimprinting in the same manner as that 6f Example 1.

[0722] 20hanalmpdating residts and fe gbtalned gedin mald 1oy hangimpriniing are ndicaged In Table
3. [0123] Example 15 Except for change of the master mold used in step (i-b) SF-237645 of Example

L 10 2 mastef gl (geamelry V) Wih i ma tragsfening syiface; J0:00% i, 29,000 nm
period, and 300 nm depth (linear pattern), a resin mo &Was produced in the same manner'as Example

1. The obtained _rri%lggv_assnla{1 e@ddt'o perform 5 photo-na_noimprintina in the same manner as that of
Example 1. [0124 Nanoimprinting results and the obtained resin mold for nanoimprinting are
indicated 'rba'gelje 3. [0125] 10 Example 16 Except for change of the master mold used-in step
(ii-b) of Example™1 to a master mold (geometry V) with 5762 transferring surface, 200 nm hole
diameter, 400 n%%eri%draanggoo nm dea{atrktl1 g;glgpnar geogetgg a resigfr%old%vjs:/]as B{ﬁduced in the

same manner 15 aseExamp & 1. The Gbtain resmlrlﬁ%ld \J/“vas%seg%%%r ofm p“ho%-nanoimprinting in

the sameirppar%n%rtasnthat.of Exggg)lgi.}lQlZG : N%noim rinting results ggd the o tai[gegL resin mold
for nanoimpfint ng are indicated in Tabia 3. 20 xample 177" ‘Exeept 161 Harige of the master
mold used in step (ii-b) of Example 1 to a master mold (geometry VI) with 576 mm2 transferring
surface, 300° ﬁr‘%'period, and 300 nm depth (moth-eye SF-237846

10 [0041]

For the thermal imprinting to be performed using the
operation normally used for thermal imprinting of a thermal
plastic resin, a.preferred‘thermal imprinting operation that may
be cited is performed by maintaining the mold at a pressure of

15 0.5 to 50 MPa for 10 to 600 seconds against a resin heated to a
temperature greater than or equal to the glass transition
temperature (Tg), thereafter cooling the resin to a temperature
less than or eqgual to the glass transition temperature (Tg), and
then pulling apart the mold and resin layer. The depressions and

20 protrusions pattern is formed in the surface of the resin layer
by the thermal imprinting.
<{Step IV): Step of ccating a mold release agent at least on the
surface where the aforementioned resin layer has the depressions

and protrusions pattern, and forming a release layer of uniform



geometry), a resin mold was produced in the same manner as Example 1. The obtained resin mold
was usedde pegfopm photo-nanoirnprinting in the sgme manner as that of Example 1. [0128]
5Nanoimprinting results and the obtained resin mold for nanoimprinting are indicated in Table 3. [0129]
Example 18 Except for change of the resin layer thickness of step (-a) 10 of Example 1 to 6.4 pm, and
except for change of the master mold used in step (ii-b) of Example 1 to a master mold (geometry VII)
with 576 mm2tiansterring surface, 10,000 nm hole diameter, 20,000 nm period, and 4,000 nm depth
(micro lens geometry), a resin mold was produced in the same manner as Example 1. The obtained

resin 15 mold wag,ysed tq pgtferm;photo:pancimpyinging/n the spme-manngras that of Example 1.
[0130] Nanoimprinting results and the obtained resin mold for nanoimprinting are indicated in

Table 3. 20{0131] Exampled 9. s : [Exceptforghange of the polysthyleng ferephihalatefilm substrate

of step (--a) of Example 1 to a soda glass substrate (1.1 mm thickness, manufactured by Asahi Glass

Corp.), a resin SF237847 mold was produced in the, same maner as Example. 1; The obtained resin

mold was used to perform photo-nanoimprinting in the’same manner as that of Example 1. [0132]

5Nanpimprinting.results apd the obtained resin mold for, napaimprinting are indicated in; Table 4. [0133]

Example 20 Except for change of thé polyethyléne terephthalate film 10 substrate of step (ii-a) of

Example Ltg slon wafer substate (0.5 m higkness, manylatyred by CovaleatMaterials Com.

t
usage grade = polished watfer grade), a resin mo as produced in the same manner as &ample 1.

The obtaiped resin-mold was used to perfatm photo-nanoimprinting, in the .same manner as, that of
Example E%%1%[01%4 eT\Ianoél“m%ﬁﬁﬁng resu tseandb I?Ii\eagbtgaﬁgead;%e%insr%]bﬁ for n“ay}]oviq?hnb%ting are

indicated {%Eab'gl4d [O%%)g] 20 ExamI;l)JCe 1 556 ll%)ggpt for change of the polyethylene terephthalate

film substrate of step (-a bafsfxac‘%ﬁﬁe 1 t0 a sapphire substrate (0.5 mm thickness, manufactured by
Orbe Pion%ﬁ_g, I\ZE semiconductor grade), a resin mold was produced in the same manner as
Example % 848 1. The obtained resin mold was used to perform photo-nanoimprinting in the

Samﬁﬂnannerasyﬁgcgo 3ny£?éégy§§eﬂn:is preferably at least one type

selected from the group including fluorine-based silane coupling
agents, perfluorc compounds having an amino group or carboxyl
group, and perflucro ether compounds having an amino group or
carboxyl group. More preferably, themold release agent is at least
15  one type selected from the group including fluucrine-based silane
coupling agents, mono-terminal aminated perfluoro
(perflucrcether) compounds, and mono~terminal carboxylated
perfluoro (perfluorcether) compounds, either as a single compound
or a mixture of single compound and multiple compounds..
20 [0643]
When the aforementiocned type of compound is used as the mold
release agent, adhesion to the above mentioned resin layer is
excellent, and releasability from the imprinted resin is

excellent.



Nanoimprinting results and the obtained resin mold for 5 nanoimprinting are indicated in Table 4.
[0137] Examples 22 Except for change of the pgplyethylene terephthalate film substrate of step (ii-a)
of Example 1 to a polysulfone substrate 10(0.12 mm thickness, product name = SUMILITE IQ
FS-1200, manufactured by Sumitomo Bakelite Co., Ltd.), a resin mold was produced in the same
manner as Example 1. The obtained resin mold was used to perform photo-nanoimprinting in the
same manmngy.as|that of Example 1. 15[0138] Nanoimprinting results and the obtained resin mold
for nanoimprinting are indicated in Table 4. [0139] Example 23 20Except for change of the

polyethylene terephthalate-iim subsirate. otsten (i) ofExample 4110.2 polysasbonate. substrate (0.12

mm thickness, product name - Lexan, Asahi Glass Corp.), a resin mold was produced in the same

manner ag Exapplg 1¢ The e@t@m@%@%wr@@@a\g@saﬁsﬁ%%@%@ﬂa_@9@&9-@@%%@%%
e

SF-237849 the same manner as that of Example 1. [0140] Nanoimprinting results and

obtained g@%mﬁ!@@rm@p@e@%%@ﬂ@,ﬂ%@M@W@fbé&%@ﬁ%@e%@ aExcept for

change of the polyethylene terephthalate film substrateofstep (ii-a) of Example 1 to a polyethylene

naphthalate subsfratg;(0,12,mm thickness,product name = TEQNEX, manufactured 10 by Teijin

Chemicals, Ltd.), a resin mold was produced in the same manner as Example 1. The obtained resin

“mold was tised o perform photo-nanqimprinting jn the. same manner as:that of Example 1. [0142]

Nanoimprinting results and the obtained resin mold for 15 nanoimprinting are indicated in Table 4.

0143] Exgiple 25 .. Except pcchags ofhe polyedyienserephinalte fim subsiate,of step (-2

of Example 1 to a polyimide substrate 20 (0.3 mm thickness, product nam m,
ma”“facﬁ%@dmba}’ik"%tiﬁl CEE“P%%ar'g?’ %{.%?}Qn@g'}s? Wes Pﬁ%d“f&je!é‘stgefaagmeerms‘;?”%és Example 1.
The obtained resin mold was used to perform photo-nanoimprinting in the same manner as that of
Example 1. @144L SCF.-237 50 Narioim rint'n% r%sults %nd the obtaince. resin mold for
) af rem,n.&one .m%l% ri i%% Eg 1l C%é ing opeération:
nanoimprinting are ‘indicated in Table 4. ff) ] Example
10 [0045]
Due to this process, a release layer is formed that
preferably has a thickness of 0.5 to 20 nm, more preferably 0.5
to 10 rm, and most preferably 0.5 to 5 nm.
[0046]
15 The release layer is thcought to bind to the aforementioned
resin layer by chemical bonding between the mold release agent
and the group capable of coupling with the mold release agent of
the additive mainly present near the resin layer surface. The
chemical bonding is thought to be due to condensation reaction.
20 [0047]
When the aforementioned additive is indicated by the
aforementioned General Formula (1), the substituent group Y {or

hydrolysate thereof) is thought to chemically bonded with a

substituent group (including groups generated by hydrolysis) of



5Except for change of the polyethylene terephthalate film substrate of step (ii-a) of Example 1 to a
polymethylmethactylate substrate (0.12 mm thick%%ss, product name = ACRYPLEN, manufactured by
Mitsubishi Rayon Co., Ltd.), a resin mold was produced in the same manner as Example 1. The
obtained resin mold 10 was used to perform photo-nanoimprinting in the same manner as that of
Example 1. [0146] Nanoimprinting results and the obtained resin mold for nanoimprinting are

indicated jn, Table:4; 15[0147] Example 27 71 Except for,changs:qf she polyethylene terephthalate

film substrate of step (ii-a) of Example 1 to diamond-like carbon surface-coated polyethylene

terephthalate film sggﬁ;@lqs(ggizogo f@@gpygﬂgss (1 pm coating layer), product name - Geniuscoat

DLC, manufactured by Nippon-ITF Inc.), a resin mold was produced in the same manner as Example
1. The ob@'@%%ﬁ]esin mold was used to perform photo-nanoimprinting in the same manner as that of
Example SF-237851 [0148] Nanoimprinting results and the obtained resin mold for

nanoimprinting arg#tr%g;%%tg ! iﬁeT K i%ﬁé@lfélgi Q?I%gg%lgee@ s xceg&foﬁ_}r1 @haﬂg% of the

polyethylene terep ate film substrate of step xample 1 t%rgrﬂassy carbon ﬁrrrﬁm thickness,

prodyct name zR4-%. mandfactued py Tokal Garben Gg, Lidy), g resin mold was produced,in the -
same mannér as Example 10 1. The obtamned resin mold was used to per Grm photo-nanoimprinting in

the same rré%r%nreursafotrrllgt o; E%agnrple 'tg%i% . Nangiypri%g é?{sulte'assasnd gle, 82@%’2}“’ resin mold
for nanoir%prlntlng are indicated in Table 4 Bféll]l@éamble %(ceptlf%r change of the
polyethylene, terephthalate film substrate f'SteH-]s) of Example 1 to a silicon C%Qide wafer (0.43 mm
hickness. Brach LR TS0 AR ke ey TaE BILE2G ShARESHIcts) Con LK) 4 resin mold

was prod% ed in the same manner as_ Example 1, The obtaingd resi mol@was used to, perform
photo-narGIMpIAGRG i tHe same hannbr st tHALSY ExamPIs 1 “[0152] NamoffpHAtiAg fostits and the
obtained resin mold for_ SF-237852 nangimprinting are indicated in_ Table 4. [0153] Comparative
Example 1 Wheh thefwas a &ﬁher}gseugﬁﬁgeadﬂ%dt%ﬁoaﬁtlgfa@ 3-dieaoxJBropytrimathoxgsilane to
20 parts by weight during step (ii-a) of Example 1, the 3-glycidoxypropyltrimethoxysilane attached to
the Mastef OIS theRHaR &Hdimpinting ?&ﬁ?eerégn fayRr oF Step (1iBj And HhES Fot possible

to obtain a resin mold. 10[0154] The results are shown in Table 1.
gecometry.

[0049]
Thereleaselayercontactangle:&Nrpurewatercnztherelease
layer surface is preferably at least 100 degrees, more preferably
15 is from 100 to 130 degrees, and further preferably is from 100
to 120 degrees.
[0050]
Wetting ability is low when the contact angle is within the
aforementioned range, and it is thus possible to suppress flow
200 of the resin of the release layer surface during coating of the
liquid imprinting resin on the surface of the release layer. It
is alsc thought that the imprinted resin becomes readily pealed
from the release laver surface.

2. Resin Mold



[0155] Comparative Example 2 When the amount of added 3-glycidoxypropyltrimethoxysilane 15 was
changed t©:0.5pagts by weight for step (._ a) of Example 1, and when the pealing treatment of step
(ii-c) was carried out, the release layer was shed during the rinse step. It is thought that this occurred
since the required adhesivity between the resin layer and release layer was not ensured. 20[0156] The
results are shown in Table 1. [0157] Comparative Example 3 When the amount of the methyl

methacrylate wasichangesito »5-434 85820 pars dyrweight apddhe ameuntiof-glycigyl methacrylate
was changed to 20 parts by weight for step (i) of Example 1, there was no bleeding out of additive to

the surfacerofithgdesindayer formed in step ¢.-a)ndhRen during the rinse process of pealing 5 treatment
of step (ii-c), there was shedding of the mold release agent from the resin surface, and it was not

possible tofgrm a release layer. It is thought that this shedding occurred due to increased compatibility
between the resin and additive. [0158] 10The results are shown in Table 1. [0159] Comparative

Example 4 \When the.ameunt,pfapethyl methacrylate was:changed 10 99,5 parts byweight and the

amount of glycidyl methacrylate was changed 15 to 0.5 parts by weight for step ( of Example 1, during

the rigse process 9f pgam_ggatm%pfs%%gtqr@ere was shedding of the mold release layer from
the resin surface. It is thought that this occurred since the required adhesivity between the resin layer

and releagg ‘pyer was not ensured. 20[0160] The results are shown in Table 1. [0161] Comparative
Example 5 When 5 parts of benzyl methacrylate (product name = Light SF-237854 Ester BZ,

manufactured by Kyosisha,Cherpigal Co., Lid) wasused m%@dtce{zghg)r%igw methagrylate in step (i)

of Example 1, during the rinse process of pealing treatment of step (ii-c), there was shedding of the

ke W Lt B L L il
ExampbégresinlayerBformedupontheaforementionedsubsirateandhaviﬁg
10 a depressions and protrusions pattern, the aforementioned
additive 2 mainly present near the resin layer surface, and a
release layer 1 formed of uniform thickness at least on the surface
of said resin layer 3 having the depressions and protrusions
pattern.

1§ [0053]

The resin layer of the resin mold of the present invention
is the resin layer formed by steps (I) to (III) of the
aforementioned production method. Therefore, the solvent
soluble resin and additive composing the resin layer, the

20 dimensions of the resin layer, and the structure of the resin layer
are as explained above. The height "a" of the resin layer shown
in FIG. 1 {i.e. the helght of the part lacking depressicns and
protrusions shape} is preferably from 1 to 15 times height of "b"

shown in FIG. 1 {(i.e. height of the depressions and protrusions



A polymer produced by the same method as that of step (i) of Example 1 was spin coated beforehand
onto a glass sybstrate. The resin laminate was hegted to 130C, and an imprinting sheet was
produced. Thermal imprinting was performed at 80C by 15 pressing the resin mold produced during
Example 1 (576 mm2 transferring surface, 150 nm L/S, 300 nm period, 150 nm depth) against this
imprinting sheet. The pressure of 20 MPa was maintained for Sminutes during thermal imprinting.
Thereaftet, iig iminafziyas,cqoledt 0. (ERRIALYE lass. a6 eAuaa 20, s Ta of fhe gesin
composing the resin layer, the resin mold was removed, and it was confirmed that there were no
transfer defects. The.results are shown in Table 5. [0164] Moreover, the present resin mold was used
20 times for SF-237855 consecutive thermal nanoimprinting. Imprinting was possible without
problems. [[Qégg]]The results are shown in Table 5. 5[0166] Reference Example 2 During step (iv)
of Example 1, thé resin mold obtained in step ( -c) was wound upon a roll, and the Lexan film
(imprinting region:;... ide, 200 cm | was pressed at.1.0 MPa. A 10 production line was run (1
m/min travel speei(gl‘%,%a‘ilr;gdlmag(%ée d%%/(% §££?%Oﬁgﬁﬁ§ﬁ§“ 8&;%8 ehélo ﬁrﬁfﬁ%%o%tﬁg%(%ﬁ%b&
Thereafter, ultraviolet radiation (70 mW/cm2) was irradiated 1 second while the line moved. While
allow?r?g the résin 1o (%3 e %0%%2%36@0%}}?%2%9%%?@9@ was er(f%.&ryr%e%%fg?‘t? rﬁllllglﬁ%féasm f Gbtain 15 5 m of
molded filmf(;r er aféer,rgg%&%s&n mg%vgg%é%rgovgg fromf e roli, and it was confirmed that there
were no transfer defects in the niold: Oreover, tcon éactma%g e Was measared’ by e samme Method as
that of step (iv), and it Wazconfirmeddthgt there was no gha?}%e. F rthermtlj];f%:-, it was confirmed by
SEM and A ‘lfﬁajftetﬁg?e Gvas r%lchaﬁénée%ﬁéggr%eﬁy i fesi after i r?rﬁin%?%h%sresults are
shown in Table 5. [0167 Abbreviations within the table have the below listed meanings.
SF-237856PET H6iefiyfatie terephthalate Glass: soda glass Si wafer: silicon wafer PSF:
polysulfonﬁD PC: polycarbonate PEN: polyethylene naphthalate PMMA: polymethylmethacrylate DLC:
polyethylene t%]s phthalate having a surface coating of diamond-like carbon 10 GC: glassy carbon SiC:

silicon carbide wafer HD-1100: perfluoropoiyether tXpe mold release agent liquid 15
10 The aforementioned resin layer and the aforementioned

release layer are thought to be bonded together by chemical bonding
between the aforementioned additive and mold release agent. The
mechanism thereof 1s as described above.
[0056]
15 The aforementioned resin mold has the desired gecometry on
the surface.
[0057]
The "desired geometry" is normally a depressions and
protrusicns pattern that has a fixed repeat freguency. That is
26 to say, this is a depressions and protrusions pattern that
preferably has a freguency of 10 nm to 50 um, a depth of 10 nm
to 100 um, and a transferring surface of 1.0 to 1.0 x 10° mm®.
[0058]

Specific examples of geometrics include moth-eye, linear,



20 SF-237857 [0168] Table 1 Example 1 Example 2 Example 3 Example 4 Master mold | Mold
Substrateclhype-PET Thick mess) 0.125 Resin layer Composition Constituent monomer of resin
Methyl methaorylate 95 95 95
columnar, monclithic, conical, multi-sided pyramidal, and
micro-lens shaped.
[0059]
In other words, the resin meld of the present invention has

5 a resin layer having a depressions and protrusions pattern

structure con the surface, and

has a release layer including a mold release agent formed
cf auniform thickness on at least the surface having a depressions
and protrusions pattern structure of the aforementioned resin

10 layer.

The above menticned resin laver inciudes an additive (i.e.
the compound indicated by the below listed General Formula (1)
or & hydrolysate thereof)
Y3.n (CH3) 81X (1)

15 {within the General Formula (1), Y is a methoxy or ethoxy
group; X is an crganic group including one type selected from the
group including an epoxy group, glycidoxy group, and opticnally
substituted phenyl group or amino group: and n is 0 or 1)

and a solvent soluble resin having a substituent group that

20 is the same type as the substituent group X in the aforementioned
General Formula {1).

The resin mold is characterized in that the aforementioned
resin layer and release layer are bonded together due to chemical

bonding between the mold release agent and the substituent group
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Y of the aforementioned additive or hydrolysate group thereof.
[006C]

A roller type resin_mold.is cited as cne aspect of the resin
mold of the present invention.
[coeid

As shown in FIG. 4, a roller type resin mold is a mold of
a configuration similar tc the aforementioned resin mold where
the mold in a form wound upon a roller or the like with the
depressions and protrusions surface 1s oriented outwardly.
[0062]

In a preferred configuration of the roller type resin mold,
the meld has a flexible structure of 30 to 300 um thickness.
[0063]

3. Method of Use cf The Resin Mold
(1) Normzl Method of Use

The resin mold c¢f the present invention is used with
advantage for imprinting a thermoplastic resin, thermosetting
resin, or photo-curable resin. More preferably the resin mold
cf the present invention is used with advantage for imprinting
a photo-curable resin. An embodiment of the method of use will
be described using FIG. 3.

[0064]
Next, as shown in FIG. 2(a}, the resin mecld of the present

invention is contacted against the resin 5 surface.



3-glycidoxypro pyltrimethoxys 'lane 510 15 Thickness(pm 1.2 1.2 1.2 1.2 Weight average
moleculargighttMw) 8.3 8.3 8.3 8.0 Release layerMold release agent 30-1100 MD-1100 HD-1100
30-1100 Thickness(on) 3 3

[C085]

Next, as shown in FIG. 3(b), the resin mold of the present
invention is peeled away, and the resin % is obtained with a
patterned surface.

5 [G0B6]
<Step of contacting the resin mold against the resin surface>
The resin 5 tobe imprinted isnormally a thermoplastic resin,
thermosetting resin, or photo-curable resin, and the resin 5 to
pe imprinted is normally on a substrate 6.
10 [0067]

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

15 [0068]

If a thermoplastic resin or thermosetting resin is used,
it is possible to use the procedure used for normal tThermal
imprinting thermeplastic resin or thermosetting resin. However,
processing is preferably performed by pressing the mcold at a

20 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 equal to the
glass transition temperature (Tg).

[0069]

Any generally used thermoplastic resin or thermosetting



Standard deviation 0.43 0.43 0.43 0.43 Water contact angle() ore imprinting 110 110 110 110 After
imprintings108 168 110 108 Rate of change aftersignprinting(%) 1.8 1.8 0.0 1.8 Results of imprimtiog

resin may be used without limitation as the thermeoplastic resin
or thermosetting resin.
[0070]
If z photo-curable resin is used, it is possible to use the
5 operation normally used for photo imprinting of a photo-curable
resin. However, the procedure is preferably performed, while
maintaining contact of the mold against the resin at a pressure
of 0.1 to 5MPa for 1 to 600 seconds, by lrradiation using energetic
radiation (i.e. ultraviolet radiation, wvisible radiation,
10 infrared radiation, or electron beam radiation).
(00711
In photo imprinting of the photo-curable resin, since
greater pressure is not required than that for thermal imprinting
in the above deséribed manher, it is possibkble to appropriately
15  use variocus types of embodiments of the resin mold of the present
invention. For example, a flexible embodiment of the resin mold
or the like using & £ilm or the like on the substrate may be used
with advantage for photo imprinting of the photo-curable resin.
[(6072]
20 Any general photo-curable resin may e used as the
pheto-curable resin without limitation.
[0073]
<Step of separating the resin and resin mold>

When a thermoplastic resin or thermosetting resin is used,
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the resin is ccoled to a temperature less than or equal to the
glass transition temperature (Tg), and the resin layer and the
mold are separated.
[0074]
5 When a photo~curable resin is used, the mold and resin layer
are separated.
[C075]
(2) Method of Use As a Roller Type Resin Mold
The resin mold of the present invention may be used as a
10 roller type resin mold by wrapping the resin mold upcn a roller
cr the like.
[0076]
Use of the resinmold as a reller type resinmeold is suitable
for imprinting a photo-curable resin. As shown in ¥FIG. 4, the
15 aforementioned step of pressing the resin molid against the
aforementioned resin surface is composed of pressing the resin
mold wrapped upon a roller against the aforementioned resin
surface and irradiating by ultraviclet radiation.
(00771
200 4. Applications
The resin mold of the present inventicn i1s used for
imprinting a thermoplastic resin, thermosetting resin, or
photo-curable resin.

[oc78;



PET Thickness(mm) 0.125 Resin layer Composit ion Constituent monomer of resin Methyl methacryl
ate 99 9595>3-5tyrene 95 Isobornyl methaggyl ate

The various products obtained from the imprinted resin may
be used for semicconductor materials, optical elements, prisms,
micro lenses, memory media, holography, micro-machines, biotech
products, environmental products, and electronic materials such

5 as semiconductors, LEDs, hard discs, or the like.
[0079]

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

10 nm to 20 pm is suitable for use in prisms, micro lenses, or the
like.
[008C]

If the resin mold of the present invention is a roller type

resin mold, the resin mold may be used for continuocus molding,
15 and such a roller type resinmeld is preferably used for optically
functional films such as amicro lens film, anti-reflective £ilm,

or the like.

EXAMPLES
20 (0081}
Although the present invention is explained below further
based on examples, the present invention is not limited by these

examples.

[0082]



95 Glycidyl methacrylate 15555 Additive 3-glycido xypropylt rimethoxy silane 55555
Thickness{gn) 47;21.21.21.21.2 39

In the specification ¢f the present application and in the
examnples, various values were measured by the below described
measurement methods.

(008317
5 <Weight average molecular weight Mw>

Gel permeation chromatography {(GPC) was used to determine
welght average molecular weight {(Mw) based on standaxd
rolysiyrene.

Measurement Conditions

10 Equipment: HLC-8120 GPC (menufactured by Tosch Corp.;
Columni: The 5 columns listed below were used in series.
[GC847.
TSK-GEL HXL-H (guard cclumn, manufactured by Tosoh Corp.)
TSK-GEL G7000 HXL (manufactured by Tosoh Corp.)

15 TSK-GEL GMHXIL (manufactured by Tosoh Corp.)
TSK-GEL GMHXL (manufactured by Tosoh Corp.)
TSK-GEL G2500 HXL (manufactured by Tosch Corp.)
Sample concentration: diluted by tetrahydrofuran to reach a
concentration of 1.0 mg/cm’®

20 Mobile phase solvent: tetrahydrofuran
Flow rate: 1.0 cm’/minute
Column temperature: 40°C
<Thickness of the Resin Layer>

Thickness of the resin layer was taken to be the separation



Weight average moleculareight (MW) 8.2 8.5 8.3 8.3 8.3 Releas e Layer Mold release agent HD-1100
H01100 89:110;a b Thickness(mu) 33 3 3 Stapdard deviation 0.43 0.43 0.43

between the resin layer botiom surface and the highest surface
within the surface having the depressions and protrusions pattern.
[0085]
<Thickness of the Release Laver>

) A thickness measurement device (model F20, 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 of the release layer. Uniformity of
‘thickness was checked by the standard deviation of the

10 aforementioned 5 points.
[C0B6]
<Contact Angle of Pure Water against The Releasge Laver Surface>

The contact angle is measured in air by placing a minute

water droplet of about 1 ul volume was placed on the sample

15 surfacewlith a Kvowa Contact-Angle Meter model CA-D, manufactured
by Kyowa Interface Science Co., Ltd. Measurement conditions were
based on JIS R3257.
[0087]

The rate of change was found by the following formula:

20 {"pre-imprint release layer contact angle" - "post-imprint
release layer contact angle") + "pre-imprint release lLayer contact
angle™ x 100 (percent).
[GG88]

<Surface Geometry {Pattern)>
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The period and line width were evaluated by SEM (3-4800,
manufactured by Hitachi High Technologies Corp.), and depth
{height) was evaluated using an AFM (L-Trace, manufactured by SII
NanoTechnelogy, Inc.).

5 [0089]
<Imprinting Results>

Macro-evaluation: The transferring surface formed on the
imprinted resin was observed at x20 magnification using an optical
microscepe (ELIPSE LV10C, manufactured by Nikon Corp.), and the

10 presence or absence of resin attachment to the mcld was checked.

© : There was no resin attachment. x : There wasg resin
attachment.

SEM {period): The pattern formed in the imprinted resin was
measured by SEM, and the evaluation was performed by determining

15  whether or not‘there was a change in the SEM measurement results
for the pattern formed in the resin mold surface according to the
baelow listed standards.

0 : The amount of change was less than 10 nm. x : The amount
of change was greater than or egual to 10 nm.

20 AFM {(depth)}: The pattern formed in the imprinted resin was
measured by AFM. The presence or absence of change based on the
ATM measurement resulits for the pattern formed in the surface of
the resin mold was determined and evaluated according to the below

listed standards.



0oo00 SEM (period) o o 0 0 0 ARM (thicknes s) 0 0 0 0 0 SF-237859 Table 1(Continued)
Comparative Example 1 Comparative Example 2 i;comparative Example 3 Comparative Example 4
Master mold

O 1 The amount of change was less than 10 nm. » : The amount
- of change was greater than or equal to 10 nm.
Example 1
{1} Preparation of Resin (PMMA type) for the Resin Mold
5 : 95 parts by weight of methyl methacrylate (product name =
LIGHT ESTER M, manufactured by Kyoeisha Chemical Co., Ltd.), 5
parts by weight of glycidyl methacrylate (product name = LIGHT
ESTER G, manufactured by Kyoeisha Chemical Cc., Ltd.}, and 100
parts by weight of toluene were added to a flask equipped with
10 astirrer device, nitrogen gas feed tube, Thermometer, and tubular
refluxing condenser. Thereafter, while nitrogen gas was fed into
the flask, the contents of the flask were heated to 80°C, 0.5 parts
by weight of dimethyl 2,2'- azobis({Z-methylpropionate) (product
name = V-601, manufactured by Wako Pure Chemical Industries, Ltd.)
15 as the initiator was added, and temperature was maintained at 80°C
for 8 hours. Thereafter, the flow of nitrogen gas was stopped,
100 parts by weight of tcoclusne was added, and the reaction was
stopped by lowering temnperature to obtain the resin for the resin
mold. Molecular weight of the cbtained resin is shown in Table
20 1.
[0090]
(i1} Production of the Resin Mold
(ii-a) Production of the Resin Solution Layer and Resin Layer

The resin for the resin mold produced in (1) was diluted



Mold Substrat e Type PET Thickness(mm) 0.125 Resin layer Composition Constituent monomer of
resin Methy methacry late 95 95 80 99.5  Styreng, ssoborny 1

10-fold using toluene, and then 5 parts by weight of
3-glycidoxyproplytrimethoxysilane (product name = KSMw403,
manufactured by Shin-Etsu Chemical Co., Ltd.) was added per 100
parts by welght of resin. Thereafter, this resin solution was
5 spin ceoated (2,000 rpm for 20 seconds) onto a pelyethylene
terephthalate film (PET) (product name = LUMIRROR; manufactured
by Teray Industries, Inc.; 0.125 mm thick), and a hotplate was
used for drying for 15 minutes at 130°C. A resin layer of 1.2 um
fiim thickness was produced.
10 [C091]
(ii-b) Forming the Depressions and protrusions Pattern of the
Resin Layer Surface
The laminate of the aforementioned film substrate and resin
layer was heated to 140°C, and a master meld (i.e. guartz mold
is treated using release agent, transferring surface: 576 mm®, 150
nm L/S (linear gecmetry), 300 nm period, 150 nm depth) (geometry
I} was pressed against the resin layer surface, and thermal
imprinting was performed at 140°C. The pressure of 20 MPa during
thermal imprinting was maintained for 5 minutes. Thereafter, the
20 laminate was cooled down to 80°C or less, the master mold was
removed, and the resin mold was obtained (transferring surface
of 576 mm®, 150 nm L/S, 300 nm period, 150 nm depth). The period
and line width were evaluated using SEM (S-4800, manufactured by

Hitachi High Technologies Corp.). Depth (height) was evaluated



methacry late

0555 Thickness(pm)1.21.21.21.2 37

10

15

20

by AFM (L-trace, manufactured by SII Nanotechnology, Inc.).
[0092]
(ii-c} Production of the Release Layer

After the resin mold obtained during step (ii-b) was dipped
for 1 minutes in a perfluoro polyether type mold release agent
solution {product name = OPTCOL HD-1100, manufactured by Daikin
Industries, Ltd.), the resin mold was pulled up and placed for
1 hour in a warm and humid environment at 70°C and 90% relative
humidity. Thereafter, the resin mold was rinsed using a
fluorine-based solvent (product name = QPTOOL HD-TH, manufactured
by Daikin Industries, Litd.), and the resin mold was left for 24
hours in a 23°C and 65% relative humidity environment. The pure
water contact angle was measured (Kyowa Contact-Angle Meter model
CA-D, manufactured by Kyowa Interface Science Co., Ltd.) as 110°C.
There were no defects or changes of geometry in the patterned part
{150 nm line width, 3200 nm period, 150 nm depth).

[0093]

Measurement of cecntact angle for pure water was performed
in the air by placement of a minute droplet (about 1 plL) on the
sample surface.

[0024]
{i1ii) Photo-nanoimprinting Using the Resin Mold
0.2 mL of a photo-curing resin (product name = PAK-02Z,

manufactured by Toyo Gosel Co., Ltd.) was dropped onto the resin

Glycidyl methacry late 55 20 0.5 Additive 3-glycid oxypropy Itrimeth oxysilan e 20



Weight average molecular weight (Mu) 8.3 8.3 8.8 8.5 Release layer Mold release agent 80-1100
HO-1100 %OE;%C} @0-1100 Thickness(nm) *1 *2 *§8*2 Standard deviation - - Water contact angle()
Before imprinting 72 78

mold obtained during step (ii-c), the droplet was covered by a
polycarbonate 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 perform imprinting

5 bypressingat 1.0 MPa and simultanseously irradiating ultravioclet
radiation (10 mW/cm®) for 2 seconds. Thereafter, the molded
article was removed from the resinmold, and it was confirmed that
there were no transfer defects in the molded article. Contact
angle was measured by the same method as that of step (ii-c). It

[0 was confirmed that there was no change in contact angle.
Furthermore, changes of gecmetry in the resin after imprinting
was checked by SEM and AFM (148 nm line width, 298 nm period, 148
nm depth).

[0095]

15 This resin mold was used to perform 20 consecutive
photo-nancimprintings. It was possible to imprint without
problems.

[00o6]
Nanoimprinting results and the obtained resin mold for

20 nanoimprinting are indicated in Table 1.

[C097]
Example 2
Except for setting the added amount of

3-glycidoxypropyltrimethoxysilane in step (ii-a) of Example 1 to
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10 parts by welght, a resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
photo-nancimprinting in the same manner as that of Example 1.
[0098]

5 Nanoimprinting results and the obtained resin mold for
naneimprinting are indicated in Table 1.
[0099]
Example 3

Except for setting the added amount of

10 3-glycidoxypropyltrimethoxysilane in step {(ii-a) of Example 1 to
1 part by weight, a resin mold was produced in the same manner
as Example 1. The obtained resin mcld was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
(01007

15 Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.
F0101]
Example 4

Except for use of 90 parts by weight of methyl methacrylate

200 and the use of 10 parts by weight of glycidyl methacrylate in step
(1) of Example 1, a resin mold was produced in the same manner
as Example 1. The obtained fesin moid was used to perform
photo-nanoimprinting in the same manner as that of Example 1.

[0102]



* 1: Thermal imprinting was not possible, and a resin mold could not be produced. * 2: Unable to
measure %ggééh]egre was shedding of the release goagent during the rinse step after thermal
imprinting.” moIld release agent a: perfluoro hexanol€ acid b: 1H, 1H,-tridecafluoroheptylamine
SF-237860 [0169] Table 2. Combinations Example 1 Example 8 Example 9 Example 10 Comparativ e
Example 5 Master mold | | Mold Substrate Type PET PET Thickness(mm)

Nanoimprinting results and the cobtained resin mold for
nanoimprinting are indicated in Table 1.
[0103]
Example 5
5 Except for use of 99 parts by welght methyl methacrylate
and 1 part by weight of glycidyl methacrylate in step (1) of Example
1, a resin mold was produced in the same manner as Example 1. The
obtained resin mold was used to perform photo-nanoimprinting in
the same manner as that of Exampls 1.
10 [0104]
Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.
[0105]
Example 6
15 Except for use of Y5 parts by weight of styrene (product
name = Styrene Monomer, manufaciured by Idemitsu Kosan Co., Ltd.)
in place of the methyl methacrylate of step (i) of Example 1, a
resin meld was produced in the same manner as Example 1. The
cbtained resin mold was used to perform photo-nancimprinting in
20 the same manner as that of Example 1.
[0106]
Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.

[0107]
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Example 7

Except for use of 95 parts by weight of isobornyl
methacrylate (product name = Light Ester 1B-X, manufactured by
Kyoeisha Chemical Co., Ltd.) in place of the methyl methacrylate
of step (i) of Example 1, a resin mold was produced in the same
manner as Example 1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
[0108]

Nanoimprinting results and the obtained resin mold for
nancimprinting are indicated in Table 1.
[0109]
Example 8

Except for use of 3-glycidoxypropyl methyldimethoxysilane
(product name = Z-6044, manufactured by Dow Corning Tcray Co.,
Ltd.) rather than the 3-glycidoxypropyltrimethoxysilane of step
{ii~a;} of Example 1, a resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
photo~nanoimprinting in the same manner as that of Example 1.
[0110]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Takle 2.
{0111)
Example 9

Except for use of b5 parts by weight of benzyl methacrylate
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{product name = Light Ester BZ, manufactured by Kyoeisha Chemical
Co., Ltd.) in place of the glycidyl methacrylate of step (i) of
Example 1, and except for use of 5 parts by weight of
phenyitrimethoxysilane (product name = KBM-103, manufactured by

5 Shin-Etsu Siiicone Co., Ltd.) in place of the
3-glycideoxypropyltrimethoxysilane of step (ii}-a of Example 1,
a resin meld was produced in the same manner as Example 1. The
obtained resin mold was used to perform photo-nancimprinting in
the same manner as that of Example 1.

10 [0112]

Nancimprinting results and the obtained resin mold for

nancoimprinting are indicated in Table 2.
[0113]
Example 10

15 Except for use cof 5 parts by weight of dimethvlaminoethyl
methacrylate {(product name = Light Ester DM, manufactured by
Kyoeisha Chemical Co., Ltd.} in place of the glycidyl methacrylate
of step (i) of Example 1, and except for use of 5 parts by weight
of 3~aminopreplytrimethoxysilane (product name = KBM-S03,

20 manufactured by Shin-Etsu Silicone Co., Ltd.) in place of the
3-glycidoxypropylirimethoxysilane of step (ii)-a of Example 1,
a resin mold was produced in the same manner as Example 1. The
obtained resin mold was used to perform photo-nanoimprinting in

the same manner as that of Example 1.
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[0114]

Nancimprinting results and the obtained resin mold for
nancimprinting are indicated in Table 2.
[0115]
Example 11

Except for use of perfliuorc hexanoic acid rather than the
perfluoro polyether type mold release agent of step (ii-c¢) of
Example 1, a resin mold was produced in the same manner as Example
1. The cbhtained resin mold was used Lo perform
photo-nancimprinting in the same manner as that of Example 1.
[0116]

Nanolimprinting results and the cobtained resin mecld for
nanoilmprinting are indicated in Table 1.
[0117]
Example 12

Except for use of 1H,1H-tridecafluorcheptylamine rather
than the perfluoro polyether typemeld release agent of step (ii-c)
of Example 1, a resin mold was produced in the same manner as
Example 1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1
[0118]

Nanecimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.

[0119]



Weight average molecular weight ( 8.3 8.6 8.5 8.8 8.3 Release layer Mold release agent HD-1100 90-
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Example 13
Except for change of the master mold used in step (ii-b)
of Example 1 to a master mold (geometry II) with 576 mm?
transferring surface, 25 nm L/3, 50 nm period, and 150 nm depth
5 {linear pattern), a2 resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1..
[0120]
Nanoimprinting results and the obtained resin mold for
10 nancimprinting are indicated in Table 3.
01217
Example 14
txcept for change of the master mold used in step (ii-b)}
of Example 1 to a master mold (geometry III) with 576 mm®
15 transferring surface, 75 nm L/S, 150 nm period, and 150 nm depth
{linear pattern), a resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
photo~nanoimprinting in the same manner as that of Example 1.
[0122]
20 Nanolmprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 3.
[0123]
Example 15

Except for change of the master mold used in step (ii-b)
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of Example 1 to a master mold {(geometry IV) with 576 mm®
transferring surface, 10,000 nm L/S, 20,000 nm period, and 300
nm depth {(linear pattern), a resin mold was produced in the same
manner as Example 1. The obtained resin mold was used to perform
5 photeo-nancimprinting in the same manner as that of Example 1.
[0124]
Nancimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 3.
[0125]
10 Example 16
Except for change of the master mold used in step (ii-Db)
of Example 1 to amaster mold (geometry V) with576nm?transferring
surface, 200 nm hole diameter, 400 nm period, and 200 nm depth
{columnar gecmetry), a resin mold was produced in the same manner
15 as Example 1. The obﬁaimed resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
[0126]
Nanoimprinting results and the cbtained resin mold for
nanoimprinting are indicated in Table 3.
20 (0127]
Example 17
Except for change of the master mold used in step (ii-b)
of Example 1 to a master mold (gecmetry VI) with 576 mm?

transferring surface, 300 nm pericd, and 300 nm depth (moth-eye



S(period) 0 0 0 0 ARM (thickness) o o o 0 Master mold geometry: |, 576 mm2 transferring surface,
150 nm L g%% geometry), 300 nm period, 150 nm depth. 5 *1: Unable to measure since the
release layer ¢ould not be formed. [0170] SF-237§ 1 Table 3. Shape of the master molds Example 1
Example 13 Example 14 Example 15 Master mold Mold type 1 11 111

geometry), a resin mold was produced in the same manner as Example
1. The obtained resin meold was used to perform
photo-naneoimprinting in the same manner as that of Example 1.
[01z28]
3 Nanoimprinting results and the obtained resin mold for
nancimprinting are indicated in Table 3.
[(C129]
Example 18
Except for change of the resin layer thickness of step (ii-a)
10 of Example 1 to 6.4 um, and except for change of the master mold
used in step (ii-b) of Example 1 to a master mold (geometry VII)
with 5761mn2transferring surface, 10, 000 nm hole diameter, 20,000
nm period, and 4,000 nm depth (micro lens geometry), a resin molid
was produced in the same manner as Example 1. The obtained resin
15 mold was used to perform photo-nanoimprinting in the same manner
as that of Example 1.
[0130]
Nanoimprinting results and the obtained resin mold for
nancimprinting are indicated in Table 3.
20 [0131]
Example 19
Except for change of the polyethylene terephthalate film
substrate of step {(ii-a) of Example 1 to & soda glass substrate

(1.1 mm thickness, manufactured by Asahi Glass Corp.), a resin



IV Period(nm) 300- 50 150 20000 Geometry L/S L/S L/S L/S Mold Substrat e Type PET
Thioknes%ri__sﬁ 973825 Resin layer composition Cog;tituentmonomer of resin Methyl methacrylate 95

mold was produced in the same manner as Example 1. The obtained
resin mold was used To perform photo-nancimprinting in the same
manner as that c¢f Example 1.
[0132]
5 Nanoimprinting results and the obtained resin molid for
nancimprinting are indicated in Table 4.
10133}
Example 20
Except for changerof the pelyethylene terephthalate film
10 substrate of step (ii-a) of Example 1 to a silicon wafer substrate
{O.5mm thickness, manufactured by Covalent Materials Corp., usage
grade = polished wafer grade), a resin meld was produced in the
same manner as Example 1. The obtained resin mold was used to
performpheoto-nancimprinting in the same manner as that of Example
15 1.
[0134]
Nanoimprinting results and the cbtained resin mold for
nanoimprinting are indicated in Table 4.
[0135]
20 Example 21
Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 tc a sapphire substrate (0.5
mm thickness, manufactured by Orbe Pioneer, Ltd., semiconductor

grade), a resin mold was produced in the same manner as Example



Glycidyl methacrylate 5 Additive 3-glycidoxypr opyltrimethox ysilane 5 Weight average molecular
Weight(N\é/ﬂngg%ﬁ]gh c nesspm 1.2 Release layer %old release agent HO-1100 Thickness(n m) 333
I3 Standard deviation 0.43 0.43

1. The ocbtained resin mold was used to perform
photo-nancimprinting in the same manner as that of Example 1.
[0136]
Nancimprinting results and the obtained resin mceld for
5 nancimprinting are indicated in Table 4.
[0137]
Example 227
Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a polysulfone substrate
10 (0.12 mm thickness, product name = SUMILITE © FS$-1200,
manufactured by Sumitomo Bakelite Co., Lt&-), a resin mold was
produced in the same manner as Example 1. The obtained resin mold
was used to perform photo-nancimprinting in the same manner as
that of Example 1.
15 [0138]
Nancimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0139]
FExample 23
20 Except for change cof the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a polycarbonate substrate
(0.12 mm thickness, product name = Lexan, Asahi Glass Corp.}, a
resin mold was produced in the same manner as Example 1. The

obtained resin mold was used to perform photo-nancimprinting in



0.43 0.43 Water contact angle() ne fore imprinting 110 110 110 110 After imprinting 108 106 106 106
Rate of c.t%nggﬁger imprinting (% 1.8 3.6 3.6 3.6 4Rgesults of imprinting Macro inspection 0 0 0 0
SEM(period)

the same manner as that of Example 1.
[C140]
Nanoimprinting results and the obtained resin mold for
nancimprinting are indicated in Table 4.
5 {0141}
Example 24
Except for change of the polyvethyvlene terephthalate film
substrate of step (ii-a) of Example 1 to a polyethylene naphthalate
substrate {0.12 mm thickness, product name = TEONEX, manufactured
10 by Teijin Chemicals, Ltd.), a resin mold was produced in the same
manner as Example 1. The obtained resin mold was used to perform
photo-nancimprinting in the same manner as that of Example 1.
[0142]
Nanoimprinting results and the obtained résin mold for
15 nanoimprinting are indicated in Table 4.
{0143]
Example 25
Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a polyimide substrate
20 {0.3 mm thickness, product name = AURUM Film, manufactured by
Mitsuil Chemicals), & resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
photo-nancimprinting in the same manner as that of Example 1.

[0144]



0000 _FM (thickness) o 0 0 0 SF-237862 Table 3 (Continued) Example 16 Example 17 Example
18 Master‘SEL19£d3l§/Ié)ld type V VI VIl Period(nm) 4080300 20000 Geometry

Nancoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0145]
Example Z6
5 Except for change of the polyethylene terephthalate film
substrate of step {ii-a} of Example 1 to a polymethylmethacrylate
substrate (0.12 mm thickness, product name = ACRYPLEN,
manufactured by Mitsubishi Rayon Co., Ltd.), a resin mold was
produced in the same manner as Example 1. The cbtained resin mold
10 was used to perform photo-nanoimprinting in the same manner as
that of Example 1.
[0146]
Nanoimprinting results and the cbtained resin mold for
nanoimprinting are indicated in Table 4.
15 [0147]
Example 27
Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to diamond-like carbon
surface-coated polyethylene terephthalate film substrate (0.12
20 mm thickness (1 pm coating layer), product name = Geniuscecat DLC,
manufactured by Nippon-ITF Inc.), a resin mold was produced in
the same manner as Example 1. The obtained resin mold was used
to perform photo-nancimprinting in the same manner as that of

Example 1.



column moth-eye lens Mold Substrat e Type PET Thickness(mm) 0.125 Resin layer Composition
Constitue Lo igner of resin Methyl methacrylat%f)S Glycidyl. methacrylate 5 Additive
3- egC|doxypr opyltrimethox ysilane 5

[0148]
Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0149]
5 Example 28
Except for change of the polyethylene terephthalate film
substrate of step'(ii—a) of Example 1 to glassy carbon (1 mm
thickness, product name = SA~1, manufactured by Tokai Carbon Co.,
Ltd.), a resin mold was produced in the same manner as Example
10 1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
F0150]
Nancimprinting results and the cobtained resin mold for
nanoimprinting are indicated in Table 4.
15 [0151]
Example 29
Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a silicon carbide wafer
(0.43 mm thickness, grade = 6NH-Type, manufacturéd_by Tanke Blue
20 Semiconductor Co., Ltd.), a resin mold was produced in the same
manner as Example 1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
[0152]

Nanoimprinting results and the obtained resin mold for



Weight average molecular weight(Mw) 8.3 Thickness(Um) 1.2 6.4 Release layer Mold release agent
110-1100¢ I hickness(nm) 3 3  Standard deviatiog, 0.43 0.43 0.43 Water contact angle() Before
imprinting 110 110 110 After imprinting

10

15

20

nanoimprinting are indicated in Tabkle 4.
[0153]
Comparative Example 1

When there was a change of the added amount of
3-glycidoxypropyltrimethoxysilane to 20 parts by welght during
step (ii-a) of Example 1, the 3-glycidoxypropyltrimethoxysilane
attached to the master mold during thermal nancimprinting to the
resin layer of step (1i-b), and it was not possible o obtain a
resin mold.
f0154]

The results are shown in Table 1.
(01551
Comparative Example 2

When the amount of added 3-glycidoxypropyltrimethoxysilane
was changed to 0.5 parts by weight for step (ii-a) cof Example 1,
and when the pealing treatment of step (ii-¢) was carried out,
the release laver was shed during the rinse step. It is thought
that this occcurred since the required adhesivity between the resin
layver and release layer was not ensured.
[0156]

The results are shown in Table 1.
[0157]
Comparative Example 3

When the amount of the methyl methacrylate was changed to



106 106 106 Rate of change after imprinting (%) 3.6 3.6 3.6 Results of imprinting Macro i inspection o
00 SEM({periog)0 0 0 AFM (thickness) o 0 0 SE=237863 Table 4 Example 1

80 parts by weight and the amount of glycidyl methacrylate was
changed to 20 parts by weight for step (i) of Example 1, there
was no bleeding out of additive te the surface of the resin layer
formed in step {(ii-a). Then during the rinse process of pealing
5 treatment of step (ii-c), there was shedding of the mold release
agent from the resin surface, and it was not possible to form a
release layer. It is thought that this shedding occurred dus to
increased compatibility between the resin and additive.
[0158]
10 The results are shown in Table 1.
[0159]
Comparative Example 4
When the amcunt of methyl methacrylate was changed to 89.5
parts by weight and the amount of glycidyl methacrylate was changed
15 to 0.5 parts by welght for step (1) of Example 1, during the rinse
process of pealing treatment of step {ii-c}, there was shedding
of the mold release layer from the resin surface. It is thought
that this cccurred since the required acdhesivity between the resin
laver and release layer was not ensured.
20 [0160]
The results are shcown in Table 1.
[0161]
Comparative Example 5

When 5 parts of benzyl methacrylate {(product name = Light



Example 19 Example 20 Master mold | Mol d Substrate Type PET glass Si wafer Thickness(mm)
0.125 1.1§E5_ %%in layer Compositio n Constitueg& monomer of resin Methyl methacrylate 95
Glycidyl methacrylate 5

Ester BZ, manufactured by Kyoeisha Chemical Co., Ltd.) was used
instead of the glycidyl methacrylate in step (i) of Example I,
during the rinse process of pealing treatment of step (ii-c), there
was shedding of the release layer. It is thought that this
5 occurred since the required adhesivity between the resin laver
and release layer was not ensured.
[0162]
The results are shown in Table 2.
[0163]
10 Reference Example 1
A polymer produced by the same method as that of step (i)
of Example 1 was spin coated beforehand onto a glass substrate.
The resin laminate was heated to 130°C, and an imprinting sheet
was produced. Thermal imprinting was performed at 80°C by
15 pressing the resin mold produced during Example 1 (576 mm?
transferring surface, 150 nm L/S, 300 nm period, 150 nm depth)
against this imprinting sheet. The pressure of 20 MPa was
maintained for 5 minutes during thermal imprinting. Thereafter,
the laminate was cooled to a temperature less than or equal to
20 the Tg of the resin composing the regin layer, the resin mold was
removed, and it was confirmed that there were no transfer defects.
The results are shown in Table 5.
[0164]

Morecver, the present resin mold was used 20 times for



Additive 3-glycidoxyp ropyltrimeth oxysilane 5 Weight average molecular weight (Mw) 8.3
Thickness{fam):12 Release layer Mold release agent HD-1100 Thickness(nm) 3 Standard
deviation 0.43 Water contact angle() imprinting Before imprinting 110 110 110

consecutive thermal nancimprinting. Imprinting was possible
without problems.
[0165]
The results are shown in Table 5.
5 [0166]
Reference Example 2
During step (iv) of Example 1, the resin mold obtained in
step (ii-c) was wound upon a roll, and the Lexan film (imprinting
region: 21 cm wide, 200 cm long) was pressed at 1.0 MPa. A
10 production line was run (1 m/min travel speed, handmade device)
under conditions capable of uniform coating of PAK-02Z.
Thereafter, ultraviolet radiation (70 mW/cm?®) was irradiated for
1 second while the line moved. While allowing the resin to cure,
continuous roll imprinting was performed for 5 minutes to obtain
13 Smof molded fiim. Thereafter, the resin mold was removed from
the roll, and it was confirmed that there were no transfer defects
in the mold. Moreover, contact angle was measured by the same
method as that of step (iv), and it was confirmed that there was
no change. Furthermore, it was confirmed by SEM and AFM that there
200 was no change of geometry in the resin after imprinting. The
results are shown in Table 5.
[0167]
Abbreviations within the table have the below listed

meanings.



After 108 108 108 Rate of change after imprinting (%) 1.8 1.8 1.8 Results ofprinting Macro inspection.
00o SEIglgg%rgofig 0 0 0 AFM (thickness) oo o I%)éample 24 Example 25 Example 26 Master mold

PET: polyethylene terephthalate
Glass: soda glass
Si wafer: silicon wafer
PSF: polysulfone

5 PC: polycarbonate
PEN: polyethylene naphthalate
PMMA: polymethylmethacrylate
DLC: polyethyiene terephthalate having a surface coating of
diamcnd-like carbon

10 GC: glassy carbon
SiC: silicon carbide wafer

HD-11C0: perfliluorcpolyether type mcld release agent liguid

15

20



Mol d Sbtt Type PEN polyimide PMMA Thickness(mm) 0.12 0.3 0.12 Resin layer Composio n

Constitueg%m%u?%
3-glycidoxyp ropy

er of resin Methyl methacrylatg,?S
rimeth oxysilane

Glycidyl. methaorylete 5 Additive

[01le8]
Table 1
Examplie Example Example Example
1 2 3 4
Master mold 1
Type PET
Substrate
Thickness {mm) 0.125
Methyl
methacrylate 75 23 7 20
Constituent | Styrene
mOnOMEr of Iscbornyl
Composition resin methacrylate
Resin Glycidyl . 5 5 10
layer methacrylate "
3-glycidoxyproe
hdditive pyltrimethoxys 5 16 1 5
ilane
Mold Thickness {um) 1.2 1.2 1.2 1.2
Weight average molecular weight (Mw) 8.3 8.3 8.3 8.5
Mold release agent HD-1100 Ho-1100 HD~1100 D-1100
Release s ot
layer Thickness (nm) 3 3 3 3
Standard deviagtion 0.43 G.43 0.43 0.43
Before 110 110 110 110
imprinting
After ; .
Water contact angle (%) imprinting 108 108 110 108
Rate of change
after 1.8 1.8 0.0 1.8
imprinting (%)
Macro
. . ] o o] (o3
inspection
Results of imprinting SEM {period) ] o o o]
REM ° o o o
{thickness)




5 Weight average molecular weight (Mw) 8.3 Thickness(pm) 1.2 Release layer Mold release agent
HD-1100 S}%&Eg ss(nm) 3 Standard deviation 05§3 Water contact angle() imprinting Before
imprinting 1101710 110 After 108

Table 1 {Continued)

Example 5 | Example 6 | Example 7 | Example 11 | Example 12

Master mold

=]

Tyoe BPRT

)
3]
=]

Thickness {mm) 0.125

Methyl
methacryl 99 895 935
ate

Constitusnt | Sryrene 95

monomer of I'sobornyl

c .. | resin methacryl 95
Compoesit ate

10on

Glycidyl
methacryl
ate
3-glvyeido
Xypropylt
rimethoxy
silane
Mold Thickness {pm) 1.2 1.2 1.2 1.2 1.2

Welght average molecular weight
[Mw)
t

Mold release agent HD~-1100 ED-1100 ED-11060 a b

Resin
layer

ot
w
w
(%3]
w

aAdditive

[
U
5T
(431
[$)

8.2 B.3 8.3 8.3 8.3

Releas

e Layer Thickness (nm) 3 3 3

Standard deviation 0.43 0.43 0.43 0.43 0.43

Before
imprintin 110 110 110 110 110
2]
After
imprintin 110 1086 108 108 108
Water contact angle (°) g

Rate of
change
after 0.0 3.6 1.8 1.8 1.8
imprintin
g (%)
Macro
inspectio o o o] o o
n

’ . - SEM
Results of imprinting (period) o o ] o o
DI
(thicknes o <3 o o 0
s)




108 108 Rate of change after imprinting (%) 1.8 1.8 1.8 Results of imprinting Macro inspection 0 0 0
SEM (perigd)-0:9 ® AFM (thickness) 0 0 0 SF-234$64 Table 4 (Continued) Example 21 Example 22

Example 23 Master mold

Table 1 (Continued)

Ceomparative
Example 1

Comparative
Example 2

Comparative
Example 3

Comparative
Example 4

Master mold

Moid

Substrat
e

Type

PET

Thickness

(T}

0.125

Resin
layer

Composition

Constituent
monomey of
resin

Methyl
methacry
late

95

95

80

8.5

Styrene

Isoborny
1

methacry
late

Glycidyl
methacry
Late

20

Additive

3-glycid
OHYPLORY
ltrimeth
oxysilan
e

20

Thickness

fum}

1.2

1.2

1.2

1.2

Weight average molecular weight (Mw)

8.3

8.3

8.8

8.3

Release
layer

Mold release

agent

HD-1100

HD-1100

HD-1100

HD-11400

Thickness

{nm)

*1

*2

*2

*2

Standard deviation

Water contact angle

)

Before
imprinti
ng

72

78

68

After
imprinti
ng

Rate of
change
after
imprinti
ng (%)

Results of imprinting

Macro
inspecti
on

SEM
(period)

AFM
(thickne
55}

* 1: Thermal imprinting was not

not be produced.

possible, and a resin mold could

* 2: Unable to measure since there was shedding of the release

agent during

mold release

azl

b: 1H,

perflucro

agent

hexanolc acid

1H, -tridecaflucrcheptylamine

the rinse step after thermal imprinting.




| Mol d Substrat e Type sapphire PSE PC Thickness(mm) 0.5 0.12 0.12 Resin layer Compositio n
constituent.._» 5-4ent monomer of resin ethyl metggcrylate 05  Glycidyl methacrylate 5 Additive
3-glycidoxypr opyltrimethox ysilane

[0169]

Table 2. Combinations

Example Example | Exampls Example Comparativ
1 g £ 10 e Example 5

Master mold I 1

Type PET PET

Substrate
Thickness (mm) 0.125 0.125
Methyl
methacrylate
Constit | Glycildyl
uent methacrylate
nonomer | Banzyl

of methacrylate
resin Dimethyl
aminoethyl 5
methacrylate
3-glycidoxyp
ropyltrimeth 5 5
orysilane
I-glycidoxyp
ropyl
methyldimeth
oxysilane
Phenyltrimet
hoxysilane
3-aminopropy
1
trimethoxysi
lane

Thickness {um) 1.2 1.2 1.2 1.2 1.2

95 95 35 95 95

Composition

Resin
layer

Additiv

Mold

Weight average molecular weight (Mw) 8.3 8.6 8.5 8.8 8.3

Mold release agent An-1100 Hp-1100 { HD-1100 HD-1100 HD-1100

Release

Thickness {nm) 3 3 3 3 *1
layer

Standard deviation 0.43 0.43 0.43 5.43 -

Before
imprinting
After
imprinting
Rate of
change after
imprinting
(%)

Macro
inspection

110 110 110 110 65

Water contact angle (°)

Results of imprinting SEM (pericd) o] o o3 o -

AFM
{thickness)

Master meold geometry: I, 576xmn2transferring surface, 150 nm L/S
(linear geometry), 300 nm period, 150 nm depth.
5 *1: Unable tomeasure since the release layer could not be formed.

[0170]



5 eight average molecular weight(Mw) 8.3 Thickness(pm) 1_2 Release layer Mold release agent
80-1100 . i(()‘ﬂ(léig(?s(mm) 3 Standard deviation 06413 Water contact angle() imprinting Before
1

imprintingS 1( 108 After 108

Table 3. Shape of the master molds

Example Example Example
Example 1 13 14 15
Mold type I 11 IIT v
Master mold Period (nm) 300 50 150 20000
Geometry L/8 L/8 L/S L/%
Substrat | T¥Pe PET
e Thickness (mm} 0.125
‘s . Methyl _
Constituent methacrylate 95
monomer of ;
resin Glycidyl -
composition N methacrylate i
Resin 3~glycidoxypr
layer kdditive opyltrimethox 5
ysilana
Weight average molecular weight (Mw) 8.3
Mold Thickness {jam) 1.2
Mold release agent BD-1100
Rel
siease Thickness (nm) 3 : 3 3 3
layer
Standard deviation 0.43 0.43 0.43 G.43
Sefora 110 110 110 110
imprinting
After
Water contact angie (°) imprinting 108 108 108 108
Rate of change
after 1.8 3.6 3.6 3.6
imprinting (%)
Macro
. . o o o o
inspection
Results of imprinting 3EM (period) o o c =
REM [ [} e} )
(thickness)




107 106 Rate of change after imprinting (%) 1.8 2.7 1.9 Results of imprinting Macro inspection o 0 0
SEM(perigg) @ 9-Q; AFM (thickness) 0 0 0 Exampjg 27 Example 28 Example 29 Master mold | Mol d

Table 3 {(Continued)

Example Example Example
16 17 18
Mold tvpe v VI VIL
Master mold Period (nm) 400 300 20000
Geometry column noth-eye lens
Substrat | TyPe EET
2 Thickness {mm) 0.125
Constituent Mez?yl y s 35
: methacrylate
MONoOMer oI T
resin Glycidyl 5
Composition methacrylate
Resin 3-glycidoxypr
layer Additive opyltrimethox 5
veilane
Weight average molecular weight (Mw) 8.3
Mold Thickness [pun) 1.2 5.4
Mold release agent HD-1100
Release | inickness (nm) 3 3 3
layer
Standard deviation 0.43 0.43 0.43
Before 110 110 110
imprinting
After . ; .
Water contact angle {") imprinting 06 106 106
Rate of change
after 3.6 3.8 3.6
imprinting (%)
Macro
. . o [ io)
inspection
results of imprinting SEM (period) o o o
AN =] Q Q
{thickness)

[0171]



SubsDrat e Type DLC GC SiC Thickness(mm) 0.12 1 0.43 Resin layer Composit o n Constituent
monomergf resinMethyl methacrylate 95 Glycigyl methacrylate 5 Additive 3-glycidoxypr
opyltrimethox ysilane 5

Table £
Example 1 | Example 19 | Example 20
Master mold I
Type PET glass 3i wafer
Substrate
Thickness (mm) 0.125 1.1 0.5
Constituent Methyl 95
methacrylate
menomer of Glycidyl
C iti resin . 5
nomp051 =@ - methacrylate
Resin 3-glycidoxyp
layer rdditive ropylirimeth 5
oxysilane
Weight average molecular weight (Mw) 8.3
Mol Thickness (pm) 1.2
d
Mold release agent RD-1100
Relea -
le sEse Thickness (nm) 3
ayer
Standard deviation 0.43
Bafors 119 110 110
imprinting
Rftex o1 108 108 108
Water contact angle (°) APpEAnLANG
Rate of
change after 1.8 1.8 1.8
imprinting
(%)
Macro . o o o
inspection
Results of imprinting SEM (period) © o o
AFM o o 5
(thickness)
Example 24 | Bxample 25 | Example Z6
Master mold I
Type PEN polyimide iy
Substrate
Thickness (mm) 0.12 0.3 0.12
Constituent Methyl g5
methacrylate
monomer of Slomiav
Compeositio resin ¥ % ¥ 8
n methacrylate
Resin ) 3-glycidoxyp
lavyer zdditive ropyltrimeth 5
oxysilane
Weight average molecular weight (Mw) 8.3
Mol Thickness {pm) 1.2
d
Mold release agent HD-1100
Rel
siease Thickness (nmj 3
layer
Standard deviation 0.43
Before 110 110 110
imprinting
PSS 108 108 108
Water contact angle (%) Stk -z
Rate of
change alfter 1.8 1.8 1.8
imprinting
(%)
Macro
. . el C e
inspection
Results of imprinting SEM {period) 0 a o
AFM o o o
{thickness)




Weight average molecular weight (Mw) 8.3 Thickness(Dm) 1.2 Release layer Mold release agent
80-1100 sFhiskness(mm) 3  Standard deviation @43 Water contact angle() Before imprinting 110 110
110 After imprinting 107 108 108

Table 4 (Continued)

Example 21 | Example 22 | Example 23
Master mold T
Substrat | Type sapphire BEE PC
e Thickness {mm) 0.3 0.12 0.12
Constituent Methyl 85
methacrylate
monomer of i
Compositio resin Giycidyl 5
a - methacrylate
Rasin 3-glycidoxypr
layer Rdditive opyltrimethox 5
ysilane
Weight average molecular weight (Mw) 8.3
Mol Thickness (pm} 1.2
d
Mold release agent HB-1100
5618&58 Thickness {nm) 3
laver
Standard deviation 0.43
Before 110 110 108
imprinting
e s 108 107 106
Water contact angle (°) ZMPrEnting
Rate of change
after 1.8 2.7 1.9
mprinting
(%)
gacro ‘ o o o
inspection
Results of imprinting SEM (period) a o o}
AFM
o o
{thickness) “
Example 27 | Example 28 | Bxample 28
Master moid T
aubstrat Type DLC GC 5icC
& Thickness (mm) 0.1z 1 0.43
Constituent | NerRYL 95
- methacrylate
monomer of Glyoidyl
gomp051tlo resin methacrylate 5
Resin 3-glycidoxypr
layer Additive opylirimethox 5
vsilane
Weight average molecular weight {Mw) B.3
Mol Thickness (pm) 1.2
ad
Mold release agent HD-1100
Release Thickness (nm) 3
layer
Standard deviation 0.43
Befors 110 110 110
imprinting
3fte?nf<r 167 108 108
Water contact angle (°) lmprinting
Rate of change
atter 2.7 1.8 1.8
imprinting
(%}
@acro . 5 o o
inspection
Results of imprinting SEM (period} o] o o
AF_M‘ o Q &
{thickness)




Rate of change after imprinting (5) 2.7 1.8 1.8 Results of imprinting Macro inspection 0 0 0
SEM(perigd) 9 9,6 ARM (thickness) o o SF-2378@5 [0172] Table 5. Examples of Use Example 1
Reference Example 1 Reference Example 2 Master mold

10

[(0172]
Table 5. Examples of Use
Example 1 Reference reference
e Example 1 | Example 2
Master mold I
Type PET
Substrate
Thickness (mm) 0.125%
Constituent Methyl 95
methacrylate
monomer of -
resin Glyeidyl 5
Compositicn i methacrylate
Resin 3-glycidoxyp
layer Additive ropyltrimeth 5
oxysilane
Weight average molecular weight (Mw) 8.3
Mold Thickness (pm) 1.2
configuration Mold release agent ’ HD-1100
Release Thickness (nm) 3
layer
Standard deviation 0.43
 Before 110 110 110
imprinting
e in 108 108 108
Water contact angle (°) E g
Rate of
change after 1.8 1.8 1.8
imprinting
(%}
uv / heat / uv /
Nano printing method batch batch continuoun
{sheet) {sheet) s (roll)
gacro . o o o
inspection
Results of imprinting SEM (period) o o =]
Am_ o] o s}
(thickness)

POSSIBILITY OF INDUSTRIAL USE
[0173]

The resin meld of the present invention is used for
imprinting of a thermoplastic resin, thermosetting resin, or
photco-curable resin.

[0174]

The variocus products obtained from the imprinted resin may

be used as semiconductor materials, optical elements, prisms,

micro lenses, memory medlia, holography, micro machines,




| Mold configuration Substrate Type PET Thicknesé(mm) 0.125 Resin layer Composition Constituent
monomerof resin Methyl methacrylate 95  Glycigyl methacrylate 5 Additive 3-glycrdoxyp
ropyltrimeth oxysilame 5 Weight average molecular weight(Mw) 8.3

10

biotechnology, environmental technology, and electronic

materials such as semiconductors, LEDs, hard discs, or the like.

Descripticn of Reference Characters

[0175]

1 release layer

2 additive mainly present near the resin layer surface
3 resin laver

3' resin solution laver

4 substrate

5 resin

& substrate

7 roller type resin mold

8 light source



Thickness(pm) 1.2 Release layer Mold release agent 50-1100 Thickness(nm) 3 Standard deviation
0.43 Watgr-contagt angle() imprinting Before impriiting 110 110 110 After 108 108 108 Rate of

Claims
1. A resin mold comprising:
a substrate,
a resin layer formed upcn the substrate and having a

5 depressions and protrusions pattern formed con the surface of the

resin layer,
and a release layer containing a moeld release agent and being
formed with uniform thickness on at least the surface of the
depressions and protrusions pattern of said resin layer:;

10 wherein said resin layer comprises a solvent soluble resin
and an additive; the additive contains a substituent group capable
of coupling with said mold release agent and a substituent group
having compatibility with said solvent soluble resin and has
bleeding ability with respect to the sclvent scluble resin;

15 said additive ié localized in the vicinity of said resin
layer surface and the substituent group capable of coupling with
the mold release agent contained in the additive bonds chemically
with said mold relesase agent to couple together said resin layer
and release lavyer.

20
2. The resin mold according to claim 1; wherein the
pure water contact angle of said release layer surface 1s gr@ateﬁ

than or equal to 100 degrees.



change after imprinting (A) 1.8 1.8 1.8 Nano printing ethod UV / batch (sheet) heat/ batch (sheet)
CV / contignoy s{rell) Results of Imprinting Macrodgspection 0 0 o  SEM (period) oo o ARM
(thickness) o

3. The resin mold according to claim 1 or Z; wherein
said additive is a compound, or hydrolysate thereof, indicated
by the below listed General Formula (1):
Y3.n (CH3) 81X {1}

5 wherein General Formula (1), ¥ is a metheoxy or ethoxy group;
X is an organic group including one type selected from the group
consisting of an epoxy group, glycidoxy group, and opticnally

substituted phenyl group or amino group; and n is 0 or 1.

10 4. The resin mold according to any one of claims 1 to 3;
wherein the content of said additive within said resin layer

is from 1 To 13 percent by weight.

5. The resin mold according to claim 3 or 4; wherein
15 said sclvent soluble resin has a constituent unit having a
gsubstituent group of the same type as X in said General Formula

(1.

5. The resin mold according to claim &; wherein, in
20 said solvent soluble resin, the content of the constituent unit
having the substituent group of the same type as X in said General

Formula (1) is from 1 to 15 percent by weight.

7. The resin meld accerding to any one of claims 3 to 6;



0 0 POSSIBILITY OF INDUSTRIAL USE 5[0173] The resin mold of the present invention is used for
imprinting0f asthegmoplastic resin, thermosetting rgsin, or photo-curable resin. [0174] 10The various
products obtained from the imprinted resin may be used as semiconductor materials, optical elements,
prisms, micro lenses, memory media, holography, micro machines, SF-237866 biotechnology,
environmental technology, and electronic materials such as semiconductors, LEDs, hard discs, or the

like. Description of Reference Characters plQ145] 1 elease layer2 additive maiplypresent near the

resin layer surface 3 resin layer 3' resin solution layer 104 substrate 5 resin 6 substrate 7 roller type

resin mol%éﬁ&ﬁgew@g@Fw%%%%maé@%v%n% resingmeld campyising:.g subsyale, 4 1esin layer

formed upon the substrate and having a 5 depressions and protrusions pattern formed on the surface
0fﬂmre5@ﬂ@ﬂ§3x in said General Formula (1).

5 8. The resin mold according to any one of claims 3 to 7;
wherein said substituent group of said additive capable of
coupling with said mold release agent is the substituent group
Y in sald General Formula (1) or a hydrolysate of such substituent
group Y.
10
9. The resin mold according to any one of claims 1 to 8;
wherein saidmold release agent is at least one type selected
from the group consisting of flucrine-based silane coupling agents,
mono-terminal aminatedperflucro {(perflucroether) compounds, and
15 mono-terminal carboxylated perflucroc (perflucroether)

compounds.

10. The resin mold according to any one of claims 1 to 9;
wherein said substrate is a resin substrate, glass substrate,
20 gilicon substrate, sapphire substrate, carbon substrate, or GaN

substrate.

11. The resin mcld according to claim 10; wherein said

resin substrate is one type of resin selected from the group



and a release layer containing a mold release agent and being formed with uniform thickness on at
least the séJErf_%ﬁ the depressions and protrusiong pattern of said resin layer; 10 wherein said resin
layer comprises a solvent soluble resin and an additive; the additive contains a substituent group
capable of coupling with said mold release agent and a substituent group having compatibility with
said solvent soluble resin and has bleeding ability with respect to the solvent soluble resin; 15 said
addiive isJogalizad; nghe ¥icinjby ofsaid 1esid ey urtace Andahe supsliisnt guoun,capabe of
coupling with the mold release agént contained in the additive bonds chemically with said mold release
agent to j [ a er. 2. The-resin mold according to claim 1;
wherein mﬁ%ﬁ%@%ﬁ%&%@% s'ari]gcr[grke%arsﬁg C'fla%?/ée’r s%%fggg L|lis1 eé—?er‘lﬁgr’ t a%%ee%q%% to 100
degrees. - 83 resin. mol rding to Ccéaim or.2:wherein saiq:i_a ditive is_ a compound,
or hydrolyss?g%egt %egr%c')f, Fdlcaltt;éd %%1%% %%%vl\}q ﬁéte%in e graYESZPrﬁuI%D(?L):D\??- ??ﬁal—ﬁ[f)n%%((l) 5wherein
General Formula (1), Y is a methoxy or ethoxy group; X is an organic group including one type
selected from the group consisting of an epoxy group, glycidoxy group, and optionally substituted
phenyl group or amino group; and n.is 0 or 10.4.The resin mold according o any one af claims 1 to 3;
whergin tﬁl(li‘é éontifrrl] of Js‘(‘ggiitgzl"‘}“addcfﬁcl)vlédwﬁﬁi%os}“’a|€1‘ ?gsiﬁ?afer}ﬁfs from T1o ig%plé?rlge%t B:yowotlailght. 5. The
resin mold accordirpl% to claim 3 or é;wt}ereriln 1g said solvent soluble resin has a constituent unit having
a substituent grOL\frp of the sdme Jff/jpe as )E iy saidr Gendral EorMu %ﬁ?%?ﬂ’f’ﬁé?géirp r%BFdeggcording to
claim 5;Wh%reir111, in 20 :taid solven solubleoresin, the grgntent of the constituent unit having the
substituent grou of tHe ggr%e]t)?p 2% En saitt Géneral E8rmula (1) is from 1 to 15 percent by weight.
SF-237869 wherein said substituent group of said additive having compatibility with said solvent
soluble resin is the substituent group X in said General Formula (1). 5 8.The resin mold according to
any one of claims 3to 7; . wherein said substituent group of said additive capable of coupling with
said mold'rétease 4§erft 7S te SbslitdeiYrdupY inPsad GetttalFormaatf) or & Rydrolysate of
such substituent group Y. 10 9. The resin mold according to any one of claims 1 to 8; wherein said
mold%elease ageRf st 8ast6iReypE dElEcRERSH THE Broul Cortisting sfibtineibisad silane
coupling agents, mono-terminal aminatedperfluoro (perfluoroether) compounds, and 15 mono-terminal
carboxylated PEriitr & {56 fiforodtRén E&%%ﬁnd%?%@?@ﬁ’é FESHR ROl A CoTag 1B HRhydTie of claims

1 to 9; wherein said substrate isa resin substrate, glass substrate, 20 silicon substrate, sapphire
substrate SE&MRN subStrafel dr B Stbstrate. 11. The resin mold according to claim 10;wherein said

14, A method cof preoduction of a resin mold comprising steps of:

15 (I} applying tec a substrate a solution dissolving a solvent
scluble resin and an additive in a solvent, and forming a resin
sclution ifayer on the substrate;

{II) removing the solvent from said resin solution layer
and forming & resin layer upon the substrate;

20 (III) contacting a mold against saild resin layer, and
transferring a depressions and protrusions pattern formed in the
surface of said mold to the surface of said resin layer; and

(IV) coating & mold release agent on the surface of at least

the depressions and protrusions pattern of said resin layer, and



resin substrate is one type of resin selected from the group SF-237870 consisting of: polyethylene
terephthalate, pojycarbonates, polymethylmethacryjates, polyimides, polysulfones, polyether sulfones,
cyclic polyolefins, and polyethylene naphthalates. 5 12.The resin mold according to any one of claims
1to 11; wherein period of the depressions and protrusions pattern of the surface is from 10 nm to
50 pm. 13. The resin mold according to any one of claims 1 to 12; 10wherein shape of the depressions
and protrl@%ggttgnfgggg §grf§g%§1inggrsﬁgpggrﬁolymrggﬁg%qu,moth-eye-pattern shaped, or
lens shaped. 14. A method of production of a resin mold comprising steps of: 15(1) applying to a
substrate a solution dissolving a solvent soluble resin and an additive in a solvent, and forming a resin
solution layer on the substrate; (I removing the solvent from said resin solution layer and forming

a resin layay upon,the substrate: 20(l1) centacting g, mold against.said sesinJayer, apd transferring a
depressions and protrusions pattern formed in the surface of said mold to"the surface of said resin
layer; and ('Vé&;?f?&!eg&'BOL%G"%%S%%Q%”&%@& syrtace of a]&keeas é@%geg%ef%%'ons and
protrusions pattern of said resin Tayer, and SF-237871 forming a release layer of uniform thickness.
15. A metggg of(gse of@ resin mold comprisi g steps gf: c9§tacting the resin surface against the resin
S s . : ) .
mold 5 accorcﬁr%g :t%lgny one of claims toci ; and peal?ng said resin mold from said resin. 16. The
method of use of a I{gsigemglgnaccsoégﬁgg to Sclargmm% W rgli{l ss%igl éezjs:igsi& a photo-curable resin. 10
17. The resin mold accbrcﬁng G any oneof claims™1 to §; wherein theresin mold is fixed to a roller.

16. The method of use of a2 resin mold according to claim 15;

wherein said resin is a photo-curable resin.

10

17. The resin mold according to any one of claims 1 to 13;

wherein the resin mold is fixed to a roller.



