
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

24
8 

65
5

B
1

TEPZZ  48655B_T
(11) EP 2 248 655 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
13.04.2016 Bulletin 2016/15

(21) Application number: 08873158.3

(22) Date of filing: 19.11.2008

(51) Int Cl.:
B29C 59/04 (2006.01) B29C 33/38 (2006.01)

B29C 33/42 (2006.01) G02B 1/11 (2015.01)

B29L 11/00 (2006.01) G03F 7/00 (2006.01)

(86) International application number: 
PCT/JP2008/071036

(87) International publication number: 
WO 2009/110139 (11.09.2009 Gazette 2009/37)

(54) OPTICAL ELEMENT

OPTISCHES ELEMENT

ÉLÉMENT OPTIQUE

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MT NL NO PL PT 
RO SE SI SK TR

(30) Priority: 04.03.2008 JP 2008053780

(43) Date of publication of application: 
10.11.2010 Bulletin 2010/45

(60) Divisional application: 
12006895.2 / 2 543 495

(73) Proprietor: Sharp Kabushiki Kaisha
Osaka-shi, Osaka 545-8522 (JP)

(72) Inventors:  
• YAMADA, Nobuaki

Osaka-shi, Osaka 545-8522 (JP)

• FUJII, Akiyoshi
Osaka-shi, Osaka 545-8522 (JP)

• TAGUCHI, Tokio
Osaka-shi, Osaka 545-8522 (JP)

• HAYASHI, Hidekazu
Osaka-shi, Osaka 545-8522 (JP)

(74) Representative: Müller Hoffmann & Partner
Patentanwälte mbB 
St.-Martin-Strasse 58
81541 München (DE)

(56) References cited:  
EP-A2- 1 473 594 JP-A- 2001 264 520
JP-A- 2004 223 836 JP-A- 2004 223 836
US-A1- 2002 044 356 US-A1- 2007 140 900



EP 2 248 655 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to an optical ele-
ment. More particularly, the present invention relates to
a rolled optical element with a low reflective surface.

BACKGROUND ART

[0002] Nanoimprint technology in which a resin mate-
rial coated on a substrate is embossed with a recess-
protrusion pattern in tens of nanometers to hundreds of
nanometers of a mold by pressing the two together has
attracted attention recently. Applications of nanoimprint
technology to optical materials, finer ICs, substrates for
clinical laboratory test, and the like are now being devel-
oped and researched. Nanoimprint technology advanta-
geously allows a component with a variety of character-
istics to be produced at low costs as compared with con-
ventional pattern-forming processes involving lithogra-
phy and etching. This is because nanoimprinters have a
simpler configuration and are less expensive than con-
ventional apparatuses and further because it takes a
short time to mass-produce components with the same
shape.
[0003] Thermal nanoimprint and UV nanoimprint are
known as nanoimprint technology. According to UV na-
noimprint, for example, a mold with a nanosized recess-
protrusion pattern is pressed against a UV-curable resin
thin film formed on a transparent substrate, and the film
is irradiated with UV rays, thereby producing a thin film
with nanostructures on the transparent substrate. Ac-
cording to thermal nanoimprint, for example, a transpar-
ent substrate and a mold that are heated to the softening
temperature of the transparent substrate or high are
pressed against each other, thereby forming nanostruc-
tures (recesses and protrusions) on the transparent sub-
strate. In a study, flat molds and batch process are com-
monly employed in the UV nanoimprint and the thermal
nanoimprint.
[0004] With respect to technologies employing a batch
process for forming nanostructures, for example, Patent
document 7 discloses photo nanoimprint including press-
ing a mold into a photosensitive dry film and photoirradi-
ation of the film.
[0005] In order to mass-produce thin films with nanos-
tructures at low costs by nanoimprint technology, a roll-
to-roll process is preferable to the batch process. The
roll-to-roll process using a mold roller allows continuous
production of the film with nanostructures.
[0006] With respect to nanoimprint technology involv-
ing the roll-to-roll process, for example, Patent Document
5 discloses that a pattern of a small mold roller is trans-
ferred onto a large mold roller while the pattern is extend-
ed by moving the small mold roller.
[0007] With respect to rollers used in the roll-to-roll
process in technologies other than nanoimprint technol-

ogy, for example, Patent Documents 6 discloses a meth-
od of producing a roller with a recess-protrusion pattern
directly formed thereon.
[0008] JP 2004 223836A is concerned with the prob-
lem of how to manufacture a pattern roll having a pro-
truded pattern on its peripheral surface precisely for a
short time by a simple processing method, using a re-
duced number of processes. To this end it is disclosed
that first, at least one first helical groove extending from
one end of a cylindrical roll to the other end is formed on
the peripheral surface of the roll. Next, at least one sec-
ond helical groove is formed so as to intersect the first
groove. By this method, the protruded pattern is formed
to the intersecting parts of the first and second helical
grooves.US 2002/044356 A1 is concerned with how to
eliminate drawbacks of conventional multi-layered
antireflection films, which are: that a lot of time is required
in the formation of a transparent conductive thin film and
a low-refractive index layer leading to low processing
speed; that the corrosion resistance of the transparent
conductive thin film is unsatisfactory; and that the reflect-
ance over the whole visible light region is not constant.
To this end a structure is disclosed that comprises: a
transparent layer, with a high pencil hardness formed of
a cured product of an ionizing radiation-curable resin
composition; provided on one side of the transparent lay-
er, a concave-convex portion comprising innumerable
fine concaves and convexes provided at a pitch of not
more than the wavelength of light; a transparent sub-
strate film optionally provided on the transparent layer
on its side remote from the concave-convex portion; and
a cover layer, having a lower refractive index than the
transparent layer, preferably provided on the fine con-
caves and convexes.
[0009] EP 1 473 594 A2 discloses an apparatus for
embossing a flexible substrate with an optically transpar-
ent compliant media. The complaint media includes an
optically transparent imprint stamp with an imprint pattern
therein. The flexible substrate is coated with a photopol-
ymer material. The compliant media can be connected
with an optically transparent belt material to form an em-
bossing belt or connected with an optically transparent
cylinder to from an embossing drum. A coated side of
the flexible substrate is urged into contact with the imprint
stamp and the imprint pattern is embossed in the pho-
topolymer material and an ultraviolet light passing
through the compliant media contemporaneously cures
the photopolymer material during the embossing.
[0010] US 2007/140900 A1 discloses a method to fab-
ricate an optical scattering probe, the method including
the steps of: depositing a conductive layer on a substrate
followed by depositing a noble metal layer on top of the
conductive layer and then an aluminum layer on top the
noble metal layer; anodizing the aluminum layer to form
a porous aluminum oxide layer having a plurality of pores;
and etching the plurality of pores through the aluminum
oxide layer and the noble metal layer for forming a nano-
hole array. Preferably, the step of etching the plurality of
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pores through the aluminum oxide layer and the noble
metal layer further comprises a step of widening the pores
followed by removing the aluminum oxide layer for form-
ing a plurality of noble metal column on top of the con-
ductive layer.
[0011] Patent Document 1 discloses moth-eye struc-
ture(s) known as one type of the nanostructures in optical
materials (optical elements). The moth-eye structures in-
clude, for example, nanosized corn-shaped protrusions
formed on a transparent substrate surface. According to
optical materials with the moth-eye structures, a reflected
light amount can be dramatically decreased because a
refractive index continuously changes from air to a trans-
parent substrate and so incident light does not recognize
the surface of the transparent substrate as an optical
surface. In view of this, for example, Patent Documents
2 to 4 disclose, as a technology of producing optical ma-
terials with nanostructures, a method of using an alumi-
num substrate having a surface with nanosized cavities
formed thereon by anodizing. According to this method
involving anodizing, for example, nanosized cavities can
be formed on a columnar mold roller surface in a ran-
domplacement and in a uniform distribution, and there-
fore seamless nanostructures needed for continuous
production can be formed on the surface.

[Patent Document 1] Japanese Kokai Publication
No. 2001-264520
[Patent Document 2] Japanese Kohyo Publication
No. 2003-531962
[Patent Document 3] Japanese Kokai Publication
No. 2003-43203
[Patent Document 4] Japanese Kokai Publication
No. 2005-156695
[Patent Document 5] Japanese Kokai Publication
No. 2007-203576
[Patent Document 6] Japanese Kokai Publication
No. 2005-144698
[Patent Document 7] Japanese Kokai Publication
No. 2007-73696

DISCLOSURE OF INVENTION

[0012] According to the conventional technology of
producing films (e.g., optical films) with continuously
formed nanostructures by the roll-to-roll process, films
having been provided with nanostructures have difficul-
ties in handling. Specifically, it is difficult to attach to a
film with nanostructures a protection film (hereinafter, al-
so referred to as a "lamination film") for preventing the
nanostructures from being scratched and contaminated
in subsequent steps because adhesive materials of the
protection film have poor adhesion to the nano-level re-
cesses and protrusions of the film. If a material with strong
adhesiveness is used as the adhesive materials of the
protection film in order to eliminate such problems, paste
materials, solvents contained in the paste materials, and
the like may be left in nanostructures, specifically, trans-

ferred on the film with nanostructures. Therefore, if such
films with nanostructures are used for optical elements
for display devices, display unevenness might be
caused. Particularly when the nanostructure film having
moth-eye structures is used for a surface of a polarizer
in a liquid crystal display device, a laminated body com-
posed of the lamination film and the nanostructure film
formed on a base film is subjected to wet processes such
as an adhesion-imparting process and a cleaning step.
Therefore, if the nanostructure film and the lamination
film are not sufficiently in contact with each other, the
solvents may enter between the films and the nanostruc-
tures may be affected (eaten away) by the solvents.
[0013] The present invention has been made in view
of the above-mentioned state of the art. The present in-
vention has an obj ect to provide an optical element hav-
ing excellent adhesion to a lamination film.
[0014] The present inventors made various investiga-
tions on an optical element having excellent adhesion to
a lamination film, a roller nanoimprint apparatus, and a
production method of a mold roller, and noted a region
where nanostructures are to be formed. The inventors
found that according to conventional technologies for
producing a nanostructure film having nanostructures
(nanometer sized recesses and protrusions) continuous-
ly formed on a surface thereof by a roll-to-roll process,
the nanostructures (nanometer sized recesses and pro-
trusions) are formed over an entire surface of the nanos-
tructure film, and therefore the nanostructure film has
poor adhesion to the lamination film. The inventors fur-
ther found that lamination film can be sufficiently in con-
tact with a nanostructure-free region that is formed in two
longitudinal ends of the nanostructure film and has no
nanometer-sized recesses and protrusions. Thus, the
above-mentioned problems have been admirably solved,
leading to completion of the present invention.
[0015] The above problems have been solved by the
subject-matter of independent claim 1.
[0016] Further, an optical element comprises a nanos-
tructure film including recesses and protrusions in na-
nometer size formed continuously on a surface of the
nanostructure film,
wherein the nanostructure film includes a nanostructure-
free region free from the recesses and protrusions in na-
nometer size in both ends along a longitudinal direction
of the nanostructure film.
[0017] The lamination film can be sufficiently in contact
with such nanostructure-free regions. As mentioned
above, the nanostructure-free regions are formed in the
respective longitudinal ends of the nanostructure film,
and therefore even if the nanostructure film is subjectedto
a wet process, a solvent is effectively prevented from
entering a region (hereinafter also referred to as a "na-
nostructure region") where nanometer-sized recesses
and protrusions are formed.
[0018] Thus, according to the present invention, adhe-
sion between the nanostructure film and the lamination
film for protecting the nanostructure film (suitably in a roll
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of the attached two films) is improved, and thereby the
nanostructure film is protected from being contaminated
and scratched in production processes.
[0019] In the present description, more specifically, the
nanometer-sized recesses and protrusions each prefer-
ably have a height and/or a width (suitably a height and
a width) of 1 nm or larger and smaller than 1 mm (= 1000
nm).
[0020] In the present description, the nanometer sized
recesses and protrusions are also referred to as a na-
nostructure or a nanostructural body. The nanostructure
film may have any thickness and may be a sheet.
[0021] The configuration of the optical element accord-
ing to the present invention is not particularly limited. The
optical element may or may not include other compo-
nents as long as it essentially includes such components.
The optical element of the present invention has excellent
adhesion to a lamination film, and therefore the optical
element further includes a lamination film. That is, the
optical element further comprises a lamination film lam-
inated on the nanostructure film. It is more preferred that
the optical element is a rolled optical element formed by
rolling up (winding) a laminated body of the nanostructure
film and the lamination film.
[0022] Examples of the nanometer-sized recesses and
protrusions include, but not limited to, moth-eye struc-
tures and wire grid structures. Moth-eye structures are
preferred. That is, the nanostructure film includes a moth-
eye structure including a plurality of conical (corn shaped)
protrusions each having a size smaller than a wavelength
of visible light. Owing to the moth-eye structures, even if
such an optical element (rolled optical element) of the
present invention is used for polarizers of liquid crystal
display devices, and the nanostructure film is subjected
to wet processes such as an adhesion-imparting step
and a cleaning step, a solvent is prevented from entering
a region where moth-eye structures are formed and af-
fecting the moth-eye structures. As a result, an occur-
rence of display unevenness in LCD devices is effectively
suppressed and an amount of reflected light can be sig-
nificantly decreased.
[0023] A roller nanoimprint apparatus (hereinafter, al-
so referred to as a "first nanoimprinter ") for producing
the optical element of the present invention is described,
the roller nanoimprint apparatus comprising a mold roller
including an outer circumference surface with a recess-
protrusion pattern for forming the recesses and protru-
sions in nanometer size,
wherein a relationship of A > B > C is satisfied,
where A is a length in an axial direction of the mold roller;
B is a width of the nanostructure film; and
C is a width of a region where the recess-protrusion pat-
tern is formed.
[0024] The first nanoimprinter allows simultaneous for-
mation of the nanostructure region and the nanostruc-
ture-free regions formed in the respective longitudinal
ends of the nanostructure film. That is, the optical element
of the present invention can be efficiently produced. Fur-

ther, the length in an axial direction (specifically, length
in the rotation axial direction) of the mold roller is larger
than the width of the nanostructure film, and therefore
the nanostructure-free regions and the nanostructure re-
gion can be formed without losing the flatness of the na-
nostructure film. In the present description, the width of
a region where a recess-protrusion pattern is formed
means the length of a region including a recess-protru-
sion pattern in the axial direction (specifically, the rotation
axial direction) of the mold roller.
[0025] The first nanoimprinter is not particularly limited
and may or may not include other components as long
as it essentially includes the above-mentioned compo-
nents.
[0026] A roller nanoimprint apparatus (hereinafter, al-
so referred to as "a second nanoimprinter ") for producing
the optical element of the present invention is described,
comprising a mold roller including an outer circumference
surface with a recess-protrusion pattern for forming the
recesses and protrusions in nanometer size,
wherein the nanostructure film includes a base film and
an ionizing radiation-curable resin on the base film, and
the recesses and protrusions in nanometer size are con-
tinuously formed in the ionizing radiation-curable resin,
wherein a region where the recess-protrusion pattern is
formed has a width larger than that of a region where an
ionizing radiation-curable resin is coated on the base film.
[0027] Thus, the nanostructure region and the nanos-
tructure-free regions formed in the respective longitudi-
nal ends of the nanostructure film can be simultaneously
formed by using UV nanoimprint and the like. That is, the
optical element of the present invention can be efficiently
produced. The size of the nanostructure region can be
easily changed only by changing the width of the region
where the ionizing radiation-curable resin is coated.
Therefore, the design of the nanostructure film, for ex-
ample, the width of the nanostructure film, can be easily
changed. The second nanoimprinter preferably further
includes a coating unit for coating the ionizing radiation-
curable resin on the base film. In the present description,
the width of the region where the ionizing radiation-cur-
able resin is coated means the length in the direction
perpendicular to the longitudinal direction of the nanos-
tructure film of a region where the ionizing radiation-cur-
able resin is coated. In the present description, examples
of the ionizing radiation-curable resin include a resin
cured by UV rays, what is called a UV-curable resin.
[0028] The second nanoimprinter is not particularly
limited and may or may not include other components as
long as it essentially includes the above-mentioned com-
ponents.
[0029] A production method of a mold roller for a roller
nanoimprint apparatus for producing the optical element
of the present invention is described, particularly the op-
tical element including a nanostructure film having moth-
eye structures with a plurality of conical (corn shaped)
protrusions each having a size smaller than a wavelength
of visible light, the production method comprising the
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steps of:

anodizing an aluminum tube in which a region other
than a region where a concave pattern for forming
the plurality of conical (corn shaped) protrusions is
to be formed is masked with a masking material; and
etching the aluminum tube, the anodizing and the
etching being repeated.

[0030] By using such a method, a mold roller that is an
aluminum tube having no concave pattern for forming a
plurality of conical protrusions in both ends thereof, that
is, a mold roller preferably used for producing the optical
element of the present invention can be easily produced.
[0031] The production method of the mold roller is not
particularly limited as long as these steps are included.
The production method may include other steps.

EFFECT OF THE INVENTION

[0032] According to the optical element of the present
invention, a rolled optical element having excellent ad-
hesion to a lamination film can be provided. Therefore,
a nanostructure film masked with the lamination film can
be provided, and the nanostructure film can be protected
from being scratched and contaminated, and being sub-
jected to liquid agents, in the process. As a result, an
yield of products including the optical element having a
surface with nanostructures in subsequent processes,
for example, a paste coating process, a polarizer attach-
ment process, and a cutting process, can be significantly
improved.

BEST MODES FOR CARRYING OUT THE INVENTION

[0033] The present invention is mentioned in more de-
tail below with reference to Embodiments and Examples
using drawings, but not limited thereto.

Embodiment 1

Basic structure

[0034] Fig. 1 is a view illustrating a moth-eye structure
(a view illustrating a principle of a continuous change in
a refractive index in a surface and a significant decrease
in a reflection at an interface). Fig. 1(a) is a cross sectional
view schematically showing the moth-eye structure. Fig.
1(b) shows a change in the refractive index in the moth-
eye structure.
[0035] For producing nanostructures such as moth-
eye structures and wire grid structures, the following na-
noimprint is generally used. The nanoimprint includes
the steps of pressing an ionizing radiation-curable resin,
such as a UV-curable resin, coated on a substrate film
(base film) to be sufficiently in contact with a mold for the
nanostructures; and irradiating the ionizing radiation-cur-
able resin with energy beams such as UV rays, with the

resin being in contact with the mold, thereby curing the
resin. The nanostructures formed by the method are na-
nosized recesses and protrusions formed on a surface
of the base film. In particular, the moth-eye structures
are numerous nanosized conical protrusions 32 formed
on a surface of the ionizing radiation-curable resin (resin
film 31), as shown in Fig. 1(a). As shown in Fig. 1(b), the
structure capable of continuously changing a refractive
index of light from air to the inside of the resin film is
employed. For this reason, adhesion between the con-
ventional nanostructure film having moth-eye structures
and the lamination film is low, and therefore it is difficult
to protect the surface with moth-eye structures using the
lamination film. In contrast to this, if a lamination filmhav-
ing improved adhesion is used, adhesion between the
films is improved, but solvents, lower molecular weight
oligomers, plasticizers, or the like enter the moth-eye
structures (nanosized recesses and protrusions), result-
ing in an increase in reflectance of the nanostructure film.
A display device including such a nanostructure film
causes display unevenness.
[0036] The present inventors have devised a structure
in which transfer of substances, such as solvents, lower
molecular weight oligomers, and plasticizers, into the
base film can be effectively suppressed while adhesion
between the lamination film and the base film is main-
tained, when the nanostructures are continuously pro-
duced (produced with a roller) on the base film.
[0037] Fig. 2 is a schematic view showing the rolled
optical element in accordance with Embodiment 1. Fig.
2 (a) is a general view thereof. Fig. 2 (b) is a cross-sec-
tional view thereof taken along line X-Y in Fig. 2(a).
[0038] A rolled optical element 21 in accordance with
the present Embodiment includes a band-shaped nanos-
tructure film 20 and a lamination film (not shown, also
referred to as a masking film) with a band shape similar
to the nanostructure film 20. The nanostructure film 20
and the lamination film form a rolled laminated body.
[0039] As nanostructures formed on a lamination film-
side surface of the nanostructure film 20, the moth-eye
structures similar to the ones illustrated in Fig. 1 are con-
tinuously formed in a band shape. Such a nanostructure
film 20 is an optical sheet having nanostructures.
[0040] The lamination film is a protective film having a
width substantially the same as that of the nanostructure
film 20; includes an adhesion layer that is composed of
adhesive materials, such as a paste, on a nanostructure
film 20-side surface; and is removably attached to the
nanostructure film 20 surface having the moth-eye struc-
tures.
[0041] The nanostructure film 20 in accordance with
the present Embodiment has nanostructure-free regions
23, which are regions where moth-eye structures are not
formed, in both ends thereof along the longitudinal direc-
tion of the nanostructure film. Specifically, the nanostruc-
ture film 20 includes a nanostructure region 22 in which
moth-eye structures are continuously formed in a band
shape, and band-shaped nanostructure-free regions 23
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in which no moth-eye structures are formed.
[0042] Adhesion between the both ends of the nanos-
tructure film 20 and the lamination film can be sufficiently
secured by forming flat nanostructure-free regions 23
having no recesses and protrusions in the ends of the
nanostructure film 20 when providing the nanostructure
film 20 with the moth-eye structures. Therefore, the na-
nostructure film 20 can be covered with the lamination
film (the lamination film is attached to the
nanostructurefilm20) during the nanostructure film
processing steps following the step of forming the rolled
optical element 21. As a result, the moth-eye structures
can be protected from contamination, scratching, liquid
agents and the like during the steps. In addition, the need
to use adhesive materials having high adhesion, which
is conventionally used, for the lamination film is eliminat-
ed, and therefore the nanostructure film 20 is effectively
prevented from being contaminated with the adhesive
materials of the lamination film. Further, even if the na-
nostructure film 20 is subjected to a wet process, entry
of solvents into the nanostructure region 22 can be ef-
fectively suppressed because the nanostructure-free re-
gions 23 are provided in the respective ends of the na-
nostructure film 20.
[0043] The nanostructure-free regions 23 do not need
to be strictly flat as long as adhesion between the nanos-
tructure-free regions 23 and the lamination film is suffi-
ciently secured. The degree of flatness is not particularly
limited, and is preferably one provided in the base film.
[0044] Nanostructures are shown relatively larger in
Fig. 2 (b), but the actual nanostructures have a very small
height in nano scale. Therefore, the nanostructure region
22 and the nanostructure-free regions 23 have little dif-
ference in height therebetween.
[0045] The minimum width of the nanostructure-free
region 23 is not particularly limited as long as adhesion
between the region 23 and the lamination film can be
substantially secured, and is specifically preferably 20
mm or more. The proportion of the width of the nanos-
tructure-free region 23 relative to the width of the nanos-
tructure film 20 may be suitably determined depending
on the width of the nanostructure film 20, and is specifi-
cally preferably 1% or more. The maximum width of the
nanostructure-free region 23 is preferably made as small
as possible in order to secure a high productivity of the
nanostructure patterned region. More specifically, the
maximum width of the nanostructure-free region 23 is
preferably about 40 mm or less. As used herein, the width
of the film (such as the nanostructure film 20 and the
lamination film) means the length of the film in a direction
perpendicular to the longitudinal direction of the film, the
width of the nanostructure-free region means the length
of the nanostructure-free region in a direction perpendic-
ular to the longitudinal direction of the film, and the width
of the nanostructure region means the length of the na-
nostructure region in a direction perpendicular to the lon-
gitudinal direction of the film.

Process conditions

[0046] Fig. 3 is a schematic view showing the rolled
optical element and the mold roller in accordance with
Embodiment 1, and shows the relationship of the length
A in the axial direction of the mold roller, the width C of
the recess-protrusion patterned region of the mold roller,
and the width B of the nanostructure film, in the produc-
tion process.
[0047] As shown in Fig. 3, in the nanoimprinter, the
relationship A > B > C is preferably satisfied, where the
length in the axial direction (length in the rotation axial
direction, i.e., the roll length) of the mold roller 15 is de-
fined as A, the width (an effective pattern width of the
mold roller) of the region 24 where the recess-protrusion
pattern is formed of the mold roller is defined as C, and
the width of the nanostructure film 20 having nanostruc-
tures is defined as B. If the width B of the nanostructure
film 20 is larger than the roll length A of the mold roller
15, ends of the nanostructure film 20 are not within the
mold roller 15 and the flatness of the nanostructure film
20 is impaired. As a result, it becomes difficult for the
nanostructure film 20 to be rolled up in a rolled shape.
When the process condition in which the width C of the
region 24 where the recess-protrusion pattern is formed
is smaller than the width B of the nanostructure film 20
is satisfied, the nanostructure-free regions 23 where no
nanostructures are formed can be formed in the respec-
tive ends of the nanostructure film 20 simultaneously with
the formation of the nanostructures.
[0048] As mentioned above, the nanoimprinter of the
present Embodiment includes the cylindrical or columnar
mold roller 15 having an outer circumference surface with
a recess-protrusion pattern for nanostructures and is so
designed that the relationship A > B >C is satisfied, where
A is the roll length of the mold roller 15, B is the width of
the nanostructure film 20, and C is the width of the region
where a recess-protrusion pattern is formed. By rotating
the mold roller 15 around the cylindrical axis or the co-
lumnar axis thereof, embossment to a workpiece film (na-
nostructure film 20) and separation from the film can be
continuously performed. As a result, the nanostructure
film 20 having a surface with nanostructures formed ther-
eon can be mass-produced at fast speeds.
[0049] The mold roller 15 is preferably a hollow cylin-
drical roller in view of cost effectiveness, but may be a
solid columnar roller.
[0050] Fig. 5 is a schematic view illustrating the pro-
duction method of the rolled optical element in accord-
ance with Embodiment 1. Fig. 5(a) is a view showing the
embodiment in which no ionizing radiation-curable resin
is coated on both ends of the nanostructure film. Fig. 5(b)
is a cross sectional view showing the entire configuration
of the roller nanoimprint apparatus in accordance with
Embodiment 1.
[0051] As a method for producing the rolled optical el-
ement 21 including the nanostructure film 20 having no
nanostructures inbothends thereof, themethodasshown-
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inFig. 5(a) ispreferred. The method includes: applying an
ionizing radiation-curable resin 25 such as a UV-curable
resin for nanostructure formation to a region other than
both ends of the substrate film 12 (e. g. , a sheet resin)
12 using a coating unit 26, such as a die coater and a slit
coater; then contacting the ionizing radiation-curable res-
in to the mold roller 15; and then curing the ionizing ra-
diation-curable resin by exposure to energy beams such
as UV rays.
[0052] In this case, the mold roller 15 having no recess-
protrusion pattern for forming nanostructures formed in
both ends in the cylindrical axial direction or the columnar
axial direction may be used, and the mold roller 15 having
a recess-protrusion pattern for forming nanostructures
formed over an entire outer circumference surface may
be used.
[0053] Fig. 5(a) is a plan view showing an arrangement
relationship of members, but the actual nanostructure
film 20 (substrate film 12) is wound on the outer circum-
ference surface of the mold roller 15 as shown in Fig. 5(b).
[0054] The production method of the rolled optical el-
ement 21 and a nanoimprinter 41, in accordance with the
present Embodiment, are described in more detail with
reference to Fig. 5(b).
[0055] According to the nanoimprinter 41 first, a base
film roll 11 composed of a rolled base film, such as a
triacetyl cellulose (TAC) film and a polyethylene tereph-
thalate (PET) film, is rotated to feed a belt-like base film
12 in the direction shown by the arrow in Fig. 5 (b). Then
the base film 12 passes through a pair of pinch rollers
(supporting rollers) 13a and 13b for tension adjustment
and then, an uncured ionizing radiation-curable resin
such as an uncured UV-curable resin is coated thereon
by a die coater 14. The ionizing radiation-curable resin
is not coated on both ends of the base film 12. The base
film 12 moves halfway around a columnar mold roller 15
along its outer circumference surface. At this time, the
ionizing radiation-curable resin on the base film 12 is in
contact with the outer circumference surface of the mold
roller 15.
[0056] A rubber cylindrical pinch roller 16 is arranged
to face the outer circumference surface of the mold roller
15 at the position where the base film 12 is firstly in con-
tact with the outer circumference surface of the mold roll-
er 15. At this position, the base film is wound between
the mold roller 15 and the pinch roller 16 so that the ion-
izing radiation-curable resin is pressed against and suf-
ficiently contacted to the mold roller 15, and as a result,
a recess-protrusion pattern formed on the outer circum-
ference surface of the mold roller 15 is transferred to the
ionizing radiation-curable resin.
[0057] While the base film 12 travels along the outer
circumference surface of the mold roller 15, the resin is
irradiated with energy beams such as UV rays from the
bottom side of the mold roller 15. As a result, cured is
the ionizing radiation-curable resin having a surface with
the recess-protrusion pattern in the inverse shape to the
surface shape of the mold roller 15. The white arrow in

Fig. 5 (b) shows a direction of the energy beam irradia-
tion.
[0058] After moving halfway along the outer circumfer-
ence surface of the mold roller 15, the base film 12 moves
along a pinch roller 17 arranged to face the outer circum-
ference surface of the mold roller 15 and then is sepa-
rated from the mold roller 15 together with the cured resin.
Thus, the nanostructure film 20 having nanostructures
made of the ionizing radiation-curable resin and contin-
uously formed on its surface can be produced. In both
ends of the nanostructure film 20, the base film 12 re-
mains to be exposed because both ends of the base film
12 are not coated with the ionizing radiation-curable res-
in.
[0059] Then, a lamination film 19 fed from a lamination
film roll 18 of the film 19 is attached to the ionizing radi-
ation-curable resin-side surface of the nanostructure film
20 with a pinch roller 27. In this step, the lamination film
19 is sufficiently in contact with both ends of the nanos-
tructure film 20, that is, the exposed flat base film 12 in
both the ends of the nanostructure film 20. Finally, a lam-
inated body (laminated sheet) of the lamination film 19
and the nanostructure film 20 including the base film 12
and nanostructures composed of the ionizing radiation-
curable resin is rolled up to provide a rolled optical ele-
ment (laminated sheet roll) 21 of the present Embodi-
ment.
[0060] The rolled optical element 21 of the present Em-
bodiment may be produced by thermal nanoimprint tech-
nology using a mold roller 15 described below, that is, a
mold roller 15 not having a recess-protrusion pattern for
forming nanostructures in both ends in its cylindrical axial
or columnar axial direction.

Production method of mold roller

[0061] A production method of a mold roller for forming
moth-eye structures as typical nanostructures is de-
scribed. Fig. 4 is a schematic view illustrating the pro-
duction method of the mold roller. Figs. 4 (a) to 4 (d) show
the production method of the mold roller having no re-
cess-protrusion pattern for nanostructures in both ends
thereof.
[0062] The mold for moth-eye structures is generally
produced by forming nano-order cavities each having a
conical shape in a surface of an aluminum layer by re-
peating anodizing and etching for the aluminum layer. In
order to produce a nanostructure film 20 having a region
where no moth-eye structures are formed in both ends
of the film 20 and having a region where moth-eye struc-
tures are continuously formed in the center portion of the
film 20, as described in the present Embodiment, it is
preferred to produce a mold roller 15, as shown in Fig.
3, in which a region where no conical concaves (cavities)
are formed is formed in both ends of the mold roller 15.
[0063] For producing such a mold roller 15, when per-
forming anodizing and etching an aluminum tube, both
ends of an aluminum tube 33 the outer circumference
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surface of which has been polished by cut polishing and
the like are first masked with a masking material 34 that
has resistance to liquid agents, as shown in Figs. 4 (a)
and 4 (b) ; the aluminum tube 33 in which the ends thereof
are masked with the masking material 34 is then ano-
dized and etched in a reaction vessel 35, and the steps
are repeated, for example, three times, as shown in Fig.
4(c); and the masking material 34 is finally removed as
shown in Fig. 4 (d). Thus, the mold roller 15 of the alu-
minum tube 33 having no recess-protrusion pattern (con-
cave pattern) inboth ends thereof for producing nanos-
tructures (moth-eye structures) can be produced. Seam-
less moth-eye structures can be formed in the nanos-
tructure film 20. As the masking material 34, an adhesive
film composed of a film, such as a polyethylene film and
a polypropylene film, and an adhesive material coated
thereon may be used.
[0064] The nanostructure film 20 formed with thus-
formed mold roller has a surface on which substantially
conical (corn shaped) protrusions 32 with 150 to 400 nm
in height (e.g., 300 nm) are formed so that a distance
between peaks of adjacent ones of the protrusions is 80
to 300 nm (e.g., 200 nm) as shown in Fig. 1(a). The sur-
face structures are commonly calledmoth-eye structure
(s) . The nanostructure films 20 with moth-eye structures
are known as ultra-low reflective films having a reflect-
ance for visible light of about 0.15%, for example. The
moth-eye structures in the nanostructure film 20 include
protrusions smaller than a wavelength of visible light (380
nm to 780 nm), and due to these protrusions, the refrac-
tive index of the interface is considered to continuously
and gradually increase from 1.0 of the refractive index of
air on the nanostructure film 20 surface to a value equiv-
alent to the reflective index of the material of the nanos-
tructure film 20 (1.5 in the resin film 31). As a result, no
refractive-index interface substantially exists, and the re-
flectance on the interface of the nanostructure film 20 is
sharply decreased.
[0065] In addition to the mold roller 15 with a recess-
protrusion pattern directly formed thereon, the mold roller
15 may be a cylinder or column including a sheet (thin
film) with a recess-protrusion pattern attached thereto
may be used. For forming seamless nanostructures, the
above-mentioned mold roller 15 with a recess-protrusion
pattern directly formed thereon is preferred.
[0066] By masking any portion other than the both ends
of the aluminum tube 33 with the masking material 34, a
region in which no recess-protrusion pattern for nanos-
tructures may be formed also, for example, in the center
portion of the mold roller 15, as shown in Fig. 6. By using
such a mold roller 15, a nanostructure film having nanos-
tructure-free regions 23 in the both ends and a portion
other than the both ends can be produced. Thus, the
nanostructure film 20 may have the nanostructure-free
regions 23, for example, in both longitudinal ends and in
the center portion along the width direction of the film 20.
As a result, adhesion between the nanostructure film 20
and the lamination film 19 can be further improved. In

addition, a plurality of optical elements each having a
small area can be efficiently produced without diminish-
ing productivity thereof. That is, a relatively small optical
element can be efficiently produced without diminishing
productivity thereof. The number of the nanostructure-
free region 23 formed in the center portion of the nanos-
tructure film 20 is not limited, and may be suitably deter-
mined depending on the size of the nanostructure film
20, mole roller 15, and optical element needed.

Example 1

[0067] A mold roller for moth-eye structures was pro-
duced by the production method of a mold roller shown
in Fig. 4. As shown in Fig. 4, a recess-protrusion pattern
having a width of 360 mm was formed in a center portion
excluding both ends of the mold roller so that a moth-eye
structure-free region with a 20 mm in width can be formed
in each of both ends of a base film (nanostructure film)
having a width of 400 mm. The mold roller had the roll
length of 450 mm, and as the mold roller, a cylindrical
body having an outer diameter of 250 mm and an inside
diameter of 124 mm is used. The mold roller was then
set in the nanoimprinter shown in Fig. 5(b), a UV-curable
resin was coated on one surface of a PET film (product
of Toray Industries, Inc.) as a base film having a width
of 400mm, and then irradiated with UV rays to cure the
UV-curable resin while the PET film was pressed into the
mold roller with a pressure of 200 g/cm2. Thus, the na-
nostructure film was produced. The lamination film (ZR-
701, product of FUJIMORI KOGYO CO., LTD.) was at-
tached to the nanostructure film. The two films were at-
tached well, and the lamination film was closely in contact
with the nanostructure-free portions in the respective
ends of the nanostructure film, thereby fixing the lamina-
tion film on the moth-eye structures.

Example 2

[0068] Similarly to Example 1, a nanostructure film
having moth-eye structures was produced, except that
the UV-curable resin was coated only on a center portion
of the PET film that is used as a base film without being
coated on both ends of the PET film. The nanostructure
film produced had conical protrusions constituting the
moth-eye structures only in a region where the UV-cur-
able resin was coated, and had a region where the base
film is exposed in both ends of the nanostructure film.
Similarly to Example 1, when the lamination film was at-
tached to the nanostructure film, the lamination film was
closely in contact with the exposed base film, thereby
fixing the lamination film on the moth-eye structures.

Comparative Example 1

[0069] A mold roller having a conical recess-protrusion
pattern for forming moth-eye structures formed on an en-
tire outer circumference surface thereof was produced,
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and similarly to Example 1, a nanostructure film including
a base film having moth-eye structures formed on an
entire surface thereof was produced. Similarly to Exam-
ple 1, attachment of a lamination film to the nanostructure
film was attempted. However, adhesion between the na-
nostructure film and the lamination film was not sufficient,
and the lamination film could not be attached to the na-
nostructure film.
[0070] The present application claims priority to Patent
Application No. 2008-53780 filed in Japan on March 4,
2008 under the Paris Convention and provisions of na-
tional law in a designated State.

BRIEF DESCRIPTION OF DRAWINGS

[0071]

[Fig. 1]
Fig. 1 is a view illustrating a moth-eye structure (a
view illustrating a principle of a continuous change
in a refractive index in a surface and a significant
decrease in a reflection at an interface). Fig. 1(a) is
a cross sectional view schematically showing the
moth-eye structure. Fig. 1(b) shows a change in the
refractive index in the moth-eye structure.
[Fig. 2]
Fig. 2 is a schematic view showing the rolled optical
element in accordance with Embodiment 1. Fig. 2
(a) is a general view thereof. Fig. 2 (b) is a cross-
sectional view thereof taken along line X-Y in Fig.
2(a).
[Fig. 3]
Fig. 3 is a schematic view showing the rolled optical
element and the mold roller, and shows the relation-
ship of the length A in the axial direction of the mold
roller, the width C of a recess-protrusion patterned
region of the mold roller, and the width B of the na-
nostructure film, in the production process.
[Fig. 4]
Fig. 4 is a schematic view illustrating the production
method of the mold roller. Figs. 4 (a) to 4 (d) show
the production method of the mold roller having no
recess-protrusion pattern for nanostructures in both
ends thereof.
[Fig. 5]
Fig. 5 is a schematic view illustrating the production
method of the rolled optical element. Fig. 5(a) is a
view showing the case in which no ionizing radiation-
curable resin is coated on both ends of the nanos-
tructure film. Fig. 5 (b) is a cross sectional view show-
ing the entire configuration of the nanoimprinter.
[Fig. 6]
Fig. 6 is a schematic view showing the rolled optical
element in accordance with a modified example of
Embodiment 1 and the mold roller.

EXPLANATION OF NUMERALS AND SYMBOLS

[0072]

11: Base film roll
12: Base film
13a, 13b, 16, 17, 27: Pinch roller
14: Die coater
15: Mold roller
18: Lamination film roll
19: Lamination film
20: Nanostructure film
21: Rolled optical element (laminated sheet roll)
22: Nanostructure region
23: Nanostructure-free region
24: Region where recess-protrusion pattern is
formed
25: Ionizing radiation-curable resin
26: Coating unit
31: Resin film
32: Protrusion
33: Aluminum tube
34: Masking material
35: Reaction vessel
41: Nanoimprinter

Claims

1. An optical element (21),
comprising:

a band-shaped nanostructure film (20) including
recesses and protrusions (32) in nanometer size
formed continuously on a surface of the nanos-
tructure film (20), and
a band-shaped lamination film (19) attached on
the nanostructure film (20),
wherein the nanostructure film (20) includes a
nanostructure-free region (23) free from the re-
cesses and protrusions (32) in nanometer size
in both ends along a longitudinal direction of the
nanostructure film (20),
wherein the nanostructure film (20) includes a
moth-eye stucture including a plurality of conical
protrusions as said recesses and protrusions
(32) of said nanostructure film (20), each of said
conical protrusions having a size smaller than a
wavelength of visible light,
wherein the moth-eye structure is continously
formed in a band-shape and along the longitu-
dinal direction of the nanostructure film (20), and
wherein the lamination film (19) is removably at-
tached to the surface of the nanostructure film
(20), and
characterised in that ,
the proportion of the width of the nanostructure-
free region (23) relative to the width of the na-
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nostructure film (20) is 1% or more.

2. The optical element (21) according to claim 1,
wherein the lamination film (19) includes an adhe-
sion layer on a nanostructure film-side surface.

Patentansprüche

1. Optisches Element (21)
mit:

einer bandförmigen Nanostrukturschicht (20),
die Aussparungen und Vorsprünge (32) mit ei-
ner Größe im Nanometerbereich umfasst, die
auf einer Oberfläche der Nanostrukturschicht
(20) durchgehend ausgebildet sind, und
einer bandförmigen Laminierungsschicht (19),
die auf der Nanostrukturschicht (20) angebracht
ist,
wobei die Nanostrukturschicht (20) einen na-
nostrukturfreien Bereich (23) umfasst, der zu
beiden Enden entlang einer Längsrichtung der
Nanostrukturschicht (20) frei ist von den Aus-
sparungen und Vorsprüngen (32) mit einer Grö-
ße im Nanometerbereich,
wobei die Nanostrukturschicht (20) eine Motten-
augenstruktur umfasst, die eine Mehrzahl von
konischen Vorsprüngen als die Aussparungen
und Vorsprünge (32) der Nanostrukturschicht
(20) umfasst, wobei jeder der konischen Vor-
sprünge eine Größe hat, die kleiner ist als eine
Wellenlänge von sichtbarem Licht,
wobei die Mottenaugenstruktur durchgehend
bandförmig und entlang der Längsrichtung der
Nanostrukturschicht (20) ausgebildet ist, und
wobei die Laminierungsschicht (19) lösbar auf
der Oberfläche der Nanostrukturschicht (20) an-
gebracht ist, und
dadurch gekennzeichnet, dass
die Proportion der Breite des nanostrukturfreien
Bereichs (23) relativ zu der Breite der Nanos-
trukturschicht (20) 1% oder mehr beträgt.

2. Optisches Element (21) nach Anspruch 1,
wobei die Laminierungsschicht (19) eine Haftschicht
auf einer Oberfläche auf der Seite der Nanostruktur-
schicht umfasst.

Revendications

1. Elément optique (21) comprenant :

un film à nanostructure en forme de bande (20)
présentant des creux et des saillies (32) de taille
nanométrique formés de manière continue sur
une surface du film à nanostructure (20), et

un film stratifié en forme de bande (19) fixé sur
le film à nanostructure (20),
étant précisé que le film à nanostructure (20)
comprend une zone sans nanostructure (23)
sans les creux et saillies (32) de taille nanomé-
trique, dans les deux extrémités le long d’un
sens longitudinal du film à nanostructure (20),
que le film à nanostructure (20) comprend une
structure moth-eye comprenant plusieurs
saillies coniques, comme creux et saillies (32)
du film à nanostructure (20), chacune des
saillies coniques présentant une taille plus petite
qu’une longueur d’onde de la lumière visible,
que la structure moth-eye est formée de manière
continue en forme de bande et le long du sens
longitudinal du film à nanostructure (20), et
que le film stratifié (19) est fixé de manière amo-
vible à la surface du film à nanostructure (20), et
caractérisé en ce que la proportion de la lar-
geur de la zone sans nanostructure (23) par rap-
port à la largeur du film à nanostructure (20) est
de 1 % ou plus.

2. Elément optique (21) selon la revendication 1,
étant précisé que le film stratifié (19) comprend une
couche d’adhérence sur une surface située côté film
à nanostructure.
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