OPTLICAL BODY, WINDOW MEMBER, FITTING, AND SOLAR SHADING DEVICE

BACKGROUND

The present invention relates to an optical body, a window
member, a fitting, and a solar shading device, which can
suppress change in color tone.

Recently, there have been increased the cases of coating
layers for partly absorbing or reflecting the sgunlight on
architectural glasses for high-rise buildings and housings,
vehicular window giasses, etc. Such a trend represents one of
energy-saving measures with the view of preventing global
warming, and it is intended to reduce a load of cooling
equipment, which 1is increased with soclar energy, i.e., the
sunlight, entering the indoor through windows and raising the
indoor temperature. Optical energy dincoming from the sun is
primarily given by light in a visible range at wavelengths of
380 to 780 nmm and light in a near infrared range at wavelengths
of 780 to 2100 nm. Because transmittance of the light in the
latter near infrared range through windows is unrelated to
vigibility of human eyeg, the transmittance of the near infrared
light is an important factor affecting the performance that is
to be provided by a window having high transparency and a high

thermal shielding ability.



As an example of metﬁods for cutting off the light in
the near infrared range while maintalning transparency to
the light in the visible range, there is a method of
providing, 6n a window glass, an optical body having & high
reflectance in the near infrared range. With regards to
sﬁch a method, a technique using, as a reflecting layer, an
optical ﬁultilayer £ilm is disclosed (see, e.g., Japanese
Unexamined Patent Application Publication No. 2067—152773).
However, the reflecting layer used in the disclecsed
fechnique-is formed on a flat film or a fiat window glass,
and the incident sunlight is Jjust specularly {(regularly)
reflected. Therefore, the light incoming from the sky and
specularl? reflected by tﬁe flat film or win@ow glass
reaches other buildiﬁgs and the ground in the nearby éuﬁside
where thé'light is absorbed and converted to heat, thus
raising the ambient temperature. HAccordingly, a local
temperature rise cccurs in the surroundings of a building in
which ai; windows arefcaated with the above-mentioned type
of reflecting layer. This gives rise to the problems that,
in urban areas, a heat island phenomenon is accelerated and

grass does not grow in areas irradiated with the reflected

light.

SUMMARY

It is desirablie to provide an optical body, a window



meﬁber, a fitting, and a solar shading device, which can
selectively directionally reflect light in a specific
wavelength band while transmitting light other than the
specific wavelength band therethrough.

As a result of conducting intensive studies with the
view of sqlving the above~mentioned problems in the related
art, the inventorslhave found an optical body in whith a
wavelength-selective reflecting layer is formed on an
optical laver having a three-dimensional shape.

In such an optical body, however, the wavelengthf
selective réflecting layer is formed on a sloped surface.
Thersfore, if that type éf_opticai body is fabricated by
" applying the o?dinary design technique, as it is, with which
a heat-ray cutcff £ilm is designed by foﬁming a multilayer
film on a flaﬁ piate, the_spectrum‘of reflected light
deviates from the designed one, whereby a color tone of the
reflected light is changed in such a way that the reflected
light becomes reddish or‘bluish.

As a result of cénducting intensive studies with the
view‘of avéiding the.fefiécted light becoming réddish or
bluish, the inventors have Found that the change in color
tone can be suppressed by setting film thicknesses of layers
in a multilaver film, which constitute a wavelength—
selective xefleéting'layer, gso as to gatisfy one or mors

predetermined relational expressions.



According to a first aspect, there is provided an optical
body comprising: a first optical layer having a concave-convex
surface; a wavelength-selective reflecting layer formed on the
concave-convex surface; and a second optical layer formed on the
wavelength-selective reflecting layer to embed the concave-
convex surface, the wavelength-selective reflecting layer having
a multilayer structure formed by successively stacking at least
a first high refractive index layer, a metal layer, and a second
high refractive index layer, wherein, given that optical £ilm
thicknesses of the first high refractive index layer and the
second high refractive index layer are x and y, respectively,
and a geometrical film thickness of the metal layer is z,
wherein the wvalue of 2z is determined based on the values of x
and y such that redness index value of the reflecting layer is
less thaﬁ 6.258 and/or the blueness index value of the
reflecting layer is less than 0.210.

According to one embodiment of the present invention, there
is provided an optical body incliuding a first optical layer
having a concave-convex surface, a wavelength-gelective
reflecting layer formed on the concave-convex surface, and a
second optical layer formed on the wavelength-gelective
reflecting layer to embed the concave-convex surface, the

wavelength-selective reflecting layer having a multilayexr



structure formed by successively stacking at least a first high
refractive index layer, &a metal layer, and a second high
refractive index layer, wherein, given that geometrical film
thicknesses of the first high refractive index layer and the
second high refractive index layer are x and vy, respectively,
and a geometrical film thickness of the metal layer is z, X, V¥

and z satisfy the following formula (1):

1 fz—120\2 1 fy—120\2
z < 12.1exp{-3 (?45.17) ) (%23.14) b

According to a second aspect, there is provided an optical
body comprising: a first optical layer having a concave-convex
gurface; a wavelength-selective reflecting layer formed on the
concave-convex surface; and a second optical layer formed on the
wavelength-selective reflecting layer to embed the concave-
convex surface, the wavelength-selective reflecting layer having
a multilayer structure formed by successively stacking at least
a first high refractive index layer, a metal layer, and a second
high refractive index layer, wherein, given that optical f£ilm
thicknesses of the first high refractive index layer and the
second high refractive index layer are x and y, respectively,
and a geometrical film thickness of the metal layer is z wherein
the value cof z is determined based on the values of x and y such
that redness index value of the reflecting layer is less than
0.258 and/or the blueness index value of the.reflecting layer is

less than 0.210.
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According to another embodiment of the present invention,
there is provided an optical body including a £first optical
layer having a concave-convex surface, a wavelength-selective
reflecting laver formed on the concave-convex surface, and a
gecond optical layer formed on the wavelength-selective
reflecting layer to embed the concave-convex surface, the
wavelength-~selective reflecting layer Thaving a multilayer

gtructure formed by successively
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stacking at least a first high refractive index laver, a metal
layer, and a second high refractive index laver, wherein, given
that gecmetrical film thicknesses of the first high refractive
index layer and the second high refractive index layer are x and
Yy, respectively, and a geometrical film thickness of the metal

layer is z, x, vy and z satisfy the following formula (2):

2
1/ z—y\? 1 {0.70(z+y)—120
z < 12.2exp{-; (&%) -3 ( 99.4'1 ) por@

According to a third aspect, there is provided an optical
body comprising: a first optical layer having a concave-convex
surface; a wavelength-selective reflecting layer formed on the
concave-convex surface; and a second optical layer formed on the
wavelength-gelective reflecting layer to embed the concave-
convex surface, the wavelength-selective reflecting layer having
a multilayer structure formed by succesgsively stacking at least
a first high refractive index layer, a metal layer, and a second
high refractive index layer, whexein, given that optical film
thicknesses of the first high refractive index Ilayer and the
second high refractive index layer are x and vy, regpectively,
and a geometrical film thickness of the metal layer is =z,
wherein the wvalue of z is determined based on the values of x
and y such that redness index value of the reflecting layer is
legg than 0.258 and/or the Dblueness index value of the

reflecting layer is less than 0.210.



According to still another embodiment of the present
invention, there is provided an optical body including a £irst
optical layer having a concave-convex surface, a wavelength-
selective reflecting layer formed on the concave-convex surface,
and a seccond optical layer formed on the wavelength-selective
reflecting layer to embed the concave-convex surface, the
wavelength-selective reflecting layer having a multilayer
gtructure formed by successively stacking at least a first high
refractive index layer, a metal layer, and a second high
refractive index layer, wherein, given that geometrical £ilm
thicknesses of the first high refractive index layer and the
second high refractive index layer are x and vy, respectively,
and a geometrical f£ilm thickness of the metal layer is z, x, vy

and z satisfy the following formulae {

1
~ PN | ZU 120\2 1 {a-
z < lé‘ieXP’L“ \T25.17/) "2 \123.14
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N 1/ a—y2 1 {0.70(z+y)—120
z < 12.2exp{-; (62.71) ) ( 99,41 pooe@

According to a fourth aspect, there is provided a window
memper including the above optical body.

According to a fifth aspect, there is provided a fitting
including a 1lighting portion provided with the above optical
body.

According to a sixth aspect, there is provided a solar
shading device comprising one or more solar shading members to
cut off sunlight, wherein the solar shading member includes the
above optical body.

With the embodiments of the present invention, a redness
index value ig held in a predetermined range by selecting =, ¥y
and z so as to satisfy the foregoing formula (1). A blueness
index wvalue is held in a predetermined range by selecting %, V¥
and z so as to gatigfy the foregoing formula (2). Further, the
rednegss index value and the blueness index vaiue are both held
in the predetermined ranges by selecting %, v and z so as to
satisfy the foregoing formulae (1) and (2).

Thus, the change in color tone 1is suppressed by properly
selecting x, y and 2z, namel? by properly setting the fiim
thicknesges of layers in the multilayer structure of the

wavelength-gelective reflecting lavyer.



With the embodiments of the present invention, the change

in color tone depending on an incident angle can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a sectional view illustrating one example of
construction of an optical film according to a first embodiment
of the present technology, and Fig. 1B is a gectional view
illustrating an example in which the optical film according to

the first embodiment of the present
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technology is atffixed to an adherend (affixing target);

Fig. 2 is a perspectivé view iliustiating the
relationship between incident light that is incident on the
optical film and reflected light that is reflected by the
-optical £ilm;

~ Figs. 3A to 3C are each a perspective view illustrating
an example of the shape of a structure formed in a first
optical layer;

Figs. 4A is a perspective view illustrating another
-éxample of the shape of the structure formed in the first
opticai layer, and 4B is a sectional vieﬁ illiustrating an
example of cbnstruction of an optical film including the
first opticai laver in which the structure illustrated in
Fig. 4A is formeds |

Fig. 5 illustrates one example of layer structure of a -
wavelength~selective reflecting layer;

Fig. 6A illustrates an example of the wavelength-
selective reflecting layer in which a high refractive index
‘layer as a first lajer is a layer éontaining Nbﬁh as a main
coﬁponent, and a metal layer as a second layer is a layer
containing AgEl as a main cemponent, ?ig. 6B illustrates an
example of the‘Wavelength—selective reflecting layer in
which a high refractive index layer as a third layer has a.
multilayer structure that a layer containing GARZC as a main

component and a layer containing Nb2Os as & main component



are stacked, Fig. 6C illustrates an exampie of the
wavelength-selective reflecting layer in which the high
refracﬁive index layer az% the third laver has a multilayer
structure thaf a layer containing GAZO as a main cbmponent,
a layer containing Nb;0s as a main component, and a laver
containing GAZC as a main compénent are successively stacked,
Fig. 6D illustrateé an example of the wavelength-selective
reflecting layer in which each of the high refractive index
layers as the-first layer and the third laver has a |
multilayer structure that a layver containing GAZC as a main
compénent and a laver containing Nby0s as a maln component
are stacked, and Fig. 6E illustrates an example of the
wavelength-selective reflecting layver in which the high
refractive index layer as the First layer has a multilayerxr
- structure that a layer containing Nbp;0s as a main component
and.a léy@r containing GARZO as a main component are stackad,
and in which the high refractive index layer as the third
layer has a multilayer structure that a layer containing
GRZO as a ﬁain component, & laver containimg Nbz0Os as a main
component, and a layer containing GAZO as a main component 
are successively stacked;

Figs. 7R and 7B are each a sectional view fto explain
cne example of function of the optical £ilm;

Figs. BA aﬁd 88 are each a gectional view Lo explain

one example of function of the optical film;



Figs. 9A is a sectional view to explain one example of
function of the optical film, and Fig. 9B is a plan view to
explain ome example of function of the optical film;

Fig. 10 is a schematic view illustrating one example of
construction of an apparatus for manufacturing the optical
£ilm according te the first embodiment of the present
technology;

Figs. 11A to 11C illustrate successive steps to explain
one exam§1¢ of a method of manufacturing the optical film
according to the first embodiment of the present technology;

‘Figs. 12A to 12C illustrate successive steps to explain
one example of the method of manufacturing the cptical film
according to the first embodiment of the present technology:

Figs. 13A to 13C illustrate successive.steps to expiain
one example of the method of manufacturing the optical £ilm
according te the first embeodiment of the present technology;

Fig. 14 is an illustration to explain a f£ilm thickness
of the reflecting layer:

Fig. 15 is a flowchart illustrating one example of flow _
of processing to determine film thicknesses that satisfy
respective desired values of & redness index and a blueneés
'index;

Fig. 16A illustrates the simulation result when the
reflecting layer is formed on a shaped layer such that the

redness index value is held in a preferable range, and Fig.



16B illustrates the simulation fesult before 3D fitting when
the reflecting laver is formed on the shaped layer such that
the redness index value 1s held in the preferable range;

Fig. 17A iliustrates the simulation result when the
reflecting layer is formed on the shaped layef such that the
blueness index value is held in a preferabie range, and Fig.
17B illustrates the simulation result before 3D fitting when
the reflecting layer is formed on the shaped layer such that
the blueness-index value is held in the preferéble range;

Fig. 182 illustrates the simulation result when the
reflecting layer is formed on the shaped.la§er such that the
redness index value is held in a more preferable rangs, and
Fig. 18B illustrates the simulation result before 3D fitting
when the reflecting layver is formed on the shaped layer such
that the redness index value is held in the more preferable
rang@}

Fig. 192 illustrates the simulation result wheﬁ the
reflecting layer is foxﬁed on the shaped layer such that the
blueness index‘value is held in a more p:eferable range, and
Fig. 198 illustrates the simulation result before 3D fitting
when'the reflecting layer is formed on the shaped laver such
that the blueness index value is held in the more preferable
ranges;

Fig. 20A illustrates the simulation result when‘the

reflecting layer 1s formed on the shapsd layer such that the
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radness index value is held in an especially preferable
range, and Fig. 20B illustrates the simulat%on regult before
3D fitting when the reflecting layer is formed con the shaped
layer such that the redness indeﬁ value is held in the
especially preferable range;

Fig. Z1A illustrates the simulation fesult whén.the
reflecting layer is formed on the shaped layer such that thé
blueness index value 1s held in an es@ecially preferable
range, and Fig. 21B illustrates the simulation result before
3D fitting when the rgflecting layer is formed on the shape&
layer such that the blueness index value is held in the
especially preferable fénge;

Fig. 22B is a sectional view illustrating a first
modification of the.fi:st embodiment of the pr@sént
technology, and Fiqg. 223 ié a secticnel view illustrating a
second modification of the.first embodiment of the pregent
technology;

Fig} 23R is a perspective view illustrating a first
'exaﬁple of configuration of a first optical layer in an
optical film according Lo a second embodiment of the presenﬁ
technology, Fig. 23B is a pér§pective view illustrating a
second example of configurafioﬁ of the first optical layer
in the optical £ilm according to the second embodiment cf
the present technology, and Fig. 23C is a perspective view

illustrating a third example of configuration of the first.



optical layer in the optical film according to the seceond
embodiment of the present technology:

Fig. 24A 1s a plan view illustrating a fourth example
of configuration of the first optical layer in the optical
film according to the second embodiment of the present
teﬁhnology, Fig. 24B is a sectional ¥iew, taken along line
XLIVB-XXIVEB, of the first coptical léyer illustrated in Fig.
24A, and Fig. 24C i1s a secticnail view, taken along line
KXIVC-XXTVC, of the first optical layer illustrated in Fig.
" . ‘ _

Fig. 25A is & plan view illustrating a f£ifth example of
-configuratiOQ‘of the first cptical layer in the ophical film
according to the second embodiment of the present.techﬁoiogy,
-Fig. 25B is a secticnal view, taken along line XXVB-XXVB, of
the first optical layer illustrated in Fig. 253, andrFig.
25C is a sectional ﬁiew, raken along line XXVCWXXVC, of the
First optical layer illustrated in Fig. 25A;

Fig. 26& is a plan view illustrating é sixth example of
_configuration of the first optical laver in.the optical film
according to the second embodiment of the present technology,
and Fig. 268 is a2 sectiocnal view, téken aldng line XXVIB; | -
XXVIB, of the first Qﬁtical layer illustrated in Fig. 264;

Fig. 27A is & sectional view illustxating one example
of coﬁstxuction of an optical film according to.a Third

embodiment of the present technology, and Fig. 27B is a



perspective view illustrating one example of configuration
of & first optical layer in the optical f£ilm according to
the third embodiment of the present technology:

| Fig. 28A is a sectional view illustrating a first
example of construction of an optical film according to a
fourth embodimeﬁt of the present technology, Fig. 28B is a
sectional view illustrating a second example of construction
of the optical film according to the fourth -embodiment of
_the present technelogy, and Fig. 28C is a sectional view
illustrating a third example of construction of the optical
film according to the fourth embodiment of the present
technélogy;.

| .Fig. 29A is a sectional view illustrating one example
of construction of an optical film according to a fifth
embcdiment df the present technology, and Fig. 298 is a
sectional view iliustrating an example in which the optical
CFilm accdrding té'the fifth embodiment of the present
technology is affixed to an adherend;

Fig. 30 is a sectional view illustrating one example of
construction of an optical film according to a sixth
embodiment of thé_présenﬁ;téchnoiogy;

Fig. 31 is a perspective view illustrating one example
of construction of a2 window blind (shade) according to a
seventh embodiment of the present technology;

Fig. 32A is a sectiocnal view illustrating a first
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Lexample of constructlon of a slat, and Flg 32B is a
isec;ional v¢ew 1llustrat1ng a. second example of cons;ruction
.of'the slat;' |

Fig. 33A is a pergpective view illustrating one example
of construction of a relling screen device according to an
eighth embodiment of the present technology, and Fig. 33B is
a sectional view, taken along line XMXIIIB~XYXIIIB in Fig.
33A, 1llustrating one exampie of construction of a screen;

Fig! 34R is a‘pgxspective view illustrating one example
of construction of a shoji {i.e., a paper-made and/or glass-—
fitted sliding door} according to a ninth embodiment of the
present technology, and Fig. 34B is a sectional view
illustrating one example of construction of the shoiji;

Fig. 33 is a contour plot at z = 10 nm,;gllusﬁratiﬁg
the. calculation result of the redness index with respect to
a geometrical film thickness of the high refractive index
.layer as the first layer and a gedmetrical film thickness of
tﬁe‘high refractive index layer as the third layer, and Fig.
35B is a contour plot at z = 10 nm, illustrating the
calculation result of Lhe blueness index with respect to the
gecmetrical film uhlckness of the high refractive index
layer as-the first layer and the geometrical film thickness
of the high refractive index layer as the third layer; and

Fig. 364 is a contour plot at z = 12 nm, illustrating

the calculation result of the redness index with regpect to



the geometrical f£ilm thickness of the high refractive index
layer as the firét'layer gnd the‘geometricél.film thickness
of the high refractive index layer és the third layer, ahd;:
Fig. 36B is a contour plot at z = 12 nm, illustrating the

- calculation result of the blusness index with respect to the
geocmetrical film thickness of the high refractive index
layer as the first layer and the gecmetrical film thickness

of the high refractive index layer as the third layer.

DETAILED DESCRIPTION OF EMBODIMENTS
Embodiments of the present technology will be described

below in.thé following crder Gith reference tc the drawings.

1. First embodiment {in which structufes are arrayed in a
one—-dimensional pattern)

2. Second emﬁodiment (in which structures are arrayed in a
two-dimensional pattern)

3. Third embodiment (in which a reflecting layer is
disposed in the form of a louver)
x4, Fourth embodiment {(in which an optical film includes &
light scatterer) |

5. Fiftﬁ'@mbbdim@nt {in which the refiecting laver is
exposed)

6. Sixth embodiment {in which an optical f£ilm includes a
self-cleaning effeét layer)

7. Seventh embodiment (in which the optical film is applied



to & wiﬁdow blind {shade)}

8. Zighth embodiment (in which the optical film is applied
to a rolling screen device)

9. Ninth embodiment (in which the optiéal £ilm is applied
to a fitting)
<l. first Embodiment>

{Construction of Cptical Film?}

Fig. 1A 1s a sectional view illustrating one example of
construction of an optical film 1 according to a first
embodiment of the present technology, and Fig. 1B is a
sectional view illustrating an éxample in which the optical
film acdofding to the first embodiment cf the present
technology is affixed to an adherend (affixing target). The
optical film 2, as one form of an optical bedy, is an
optical film having the so-called directional reflective:
property. As illustrated in Fig. 1A, the optical film 1
includes an optical layer 2 having an interface formed
therein in a concave-convex shape, and a reflecting layer 3
formed at the interface in the optical layer 2. The optical
layer 2 inclﬁdes a first optical layer 4 having a first
surface in a concave-convex shape, and a second qpticaz
iayer 5 having a second surface in a concave-convex- shape.
The interface in the optical laver 2 is formed by the fifét
'concave—convex surface and the second concave-gonvex surface,

which are arranged to face esach other. Stated another wdy,



the optical film 1 includes the first bptical layer 4 having
2 concave-convex gurfaqe, the reflecting layer 3 formed on
the concave-convex surface of the first.optical layer 4, and.
the second optical layer 5 formed on the reflecting layer 3
so as to embed the concave-~convex surface on which the
reflecting layer 3 is formed. The optical film 1 has an
incidént'surface 31 on which light, such as the sunlight, is
incident, and an emergent surface 32 from which part of the
light incident on the incident surface S1 emerges, the parﬁ
having pass‘e& through the optical £iim 1. The optical film
1 is suitably applied to inner wall members, outer Wall
members, window members, wall materials, and so on. Further,
‘the optical film 1 is suitably applied to a slat {one

eﬁample of a solar shading member} of a window blind {shade)
and a screen (another example of the solar shading member}_
of a rolling screen device. Moreover, the optical film 1 is‘
suitably employed as an optical body that is disposed in a
lighting pertion of a fitting {i.e., an interior member or

an exterior membe£}, such as a shoji fi.e., a paper-made
and/or glass-fitted sliding door).

"The optical film 1 may further include a first base 4a,
when necessary, oh fhe emergent surface 3Z of the optical
‘layer 2. The optical film 1 may further include a second
hase %a, when necessary, on the incident surface 51 of the

optical layer 2. When the optical film 1 includes the first
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base 4a and/or the second base 5a, optical characteristics
described later, such as transparency and color cf the
transmitted light, are preferabiy satisfied in a stats whére
the optical film 1 includesrthe first base 4a and/or the
second base 5a.

The optical film 1 may further include an affixing
layer 6, when necessary. The éffixing layer 6 is formed on
one of the incident surface S1 and the emergent surface 82
of the optical film 1, which'is to bhe affixed to a window
-member 10. Thus, the optical Film 1 is affixed to the
indoor or outdoor side of the window member 10, i.e., the .
adherend, with the -affixing layer 6 interposed therebetween.
The affixing layer 6 can be formed, for example, as a
bonding layver eontaining a bond ({e.g., a UV-cured resin or a
tWOMliQuid mixed‘:esin} as a main component, o©r as an
adhesive layer containing an acdhesive ({(e.g., a PSA -{(Pressure
SeﬁSitive‘Adhesivé)) zs a malin component. When the affixing
layer 6 is the adhesive layer, a peel-off layer 7 is
ﬁﬁeferabiy further formed on the affixing laver 6. This
enables the optical film 1 Lo be easily affixed, just by
peeling off the peel-off layer 7, to the adherend, e.g., the
window member 10, with the affixing layer 6 interposed
therebetween. |

From the vieﬁpoint of inczeaéing adhesion between the

second base 5a and one or both of the affixing layer & and
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.the second optical layer 5, the optical film 1 may further
include a primer layer [(not shown} between the second base
5a and one or both'df the affixing layver & and the second
optical layér 5. &lsc, from the viewpoint of increasing
adhesion at the same location(s), it is preferable to carry
out ordinary physical pretreatment instead of or in addition
to forming the primer laver. The ordinary phyéical
pretreatment includes, e.g., plasma treatment or corcna
treatment.

The‘optical film 1 may furthér include a barrier layer
‘fnot shown} on one of the incident surface S1 and the
’emergent surface 82, which one is affixed to the adherend,
€.9., the window member 10, or between that one surface and
the reflecting layer 3. With the presence gf the barrier
layer, it is possible to reduce diffusion of moisture toward
the reflecting layer 3 from the incident surface S1 or the
émergent surface 82 and to suppress detericration of a metal,
ste. contained in the reflecting layer 3. Accordingly,
durability of the optical film 1 can be improved.

The optical film 1 may further include a hard coat
layer é from the viewpoint of giving the surface of the
optical’film.l with resistance against excoriation,
scratching, ete. The hard coat layer 8 is preferably formed
onn one of the incident surface 31 and the smergent surface

52 of the coptical film 1, which one is positioned on the
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opposite side to the surface affixed to the adﬁerend, e.g.,
the window member iO. A waﬁermrepelient or hydrophilic |
layer may be further formed on the incident surface SI of
the optical film 1 from the viewp&iht of providing an
antifbuling property, etc. The layer having such a function
may- be formed}_for example, direcily on the optical layer 2
or on one of various functional layers such as the hard coat.
layer 8.

The optical film 1 preferably has flexibility from the
viewpoint of enabling the optical fiim 1 to be-easily
affixed to the adherend, e.g., the window member 10. Herein,
the term "film" is to be construed as including a sheet. In
other words, Lthe optical film 1 includes an optical sheet as
weli. |

The optical film 1 preferably has transpazéncy. The
transparency preferably falls within a later-described range
of transmission image clarity. The difference in refractive
index between the first coptical laver 4 and the second
optical layer 5 is preferably €.010 cr less, more preferably
0.008 or less, and even more preferably 0.005 or less. If
the difference in refractive index exceeds 0.810, a
fransmission image tends to blur in appearance. When the
difference in refractive index is more than 0.008 and not
mozre Than 0.010, there are no problems in daily life though

depending on outdoor brightness. When the difference in
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refracﬁive index is more than 0.005 and not more than 0.008,
the outdoor sightacéﬂ be cleariy.viewed although cnly a very
bright object, such as a light source, causes a displeasing
diffraction pattern. When the difference in refractive
index is 0.005 or less, the diffraction pattern is hardly
displeasing. One of thé first optical laver 4 and the
Isecond optical layer 5, which one is positioned on the side
affixed to, e.g., the window member 10, may contain an
adhesive as a main component., With such a feature, tThe
optical film 1 can be affixzed to, 2.9., the window member 10
by direct attachment of the first pptical layer 4 or the
second optical layer 5 that contéiﬁs the adhesive as a main
component. In that case, the difference in refractive index
with respect to the adhesive is preferably held in the
above~described range. |

The first optical layer 4 and the second optical layer
5 preferably have the same optical characteristiﬁs; such as
the refraétive index. More specifically, the First dptical
layer 4 and the second optical layer 5 are preferably made
of the same material, e.g., the sdme resin mat@xial, having
transparency 1n the visible range. By using the same
material to form the first optical layer 4 and the seccﬁd
optical layer 5, the refraciive indexes of both the aprical
layers are equal to each other,: and hence fransparency té

visible light can be improved. However, care is to be paid



to such a point that, even when the starting materdial is the
same, the refractive indexes of finally formed layers may
diff@r from each other depending con, e.g., curing conditions
in a film forming process. On the other hand, when the
first optical layer 4 and the second optical layer b are
made of different materials, a transmission image tends to
blur for the reason that light is refracted at the
reflecting layer 3, which provides‘a boundary, due tc the
difference in refractive index between the optical layers 4
and 5. In particular, there is a tendency that when
obsérving an object analcgous to.a point light sourée, such
as a lamp at a far distance, a diffraction pattern is
conspicucusly observed. Note that, in prdem to adjust a
value of the refractive index, an additive may be mixed in
the first optical layer 4 and/or the second optical layer 3.
The first optical laver 4 and the second coptical layer
5 preferably have transparency in the visible rangs. Hereln,
the term “transpatency” iz defined as having two meanings,
i.e., as no£ absorbing light and not scattering light. When
the term "transparency” is generally used, it often implies
the former meaning alone. Howevér, the optical film 1
according to the first embodiment preferably has the
transparency in both the meanings. A currently employed
retroreflector iéiintended to visually confirm light

reflected from read signs, clothes for night workers, stc.



to provide a noticeable indication. Therefore, even when
the retroreflector has a scatte:éng property, light
reflected from an underlying reflector can be visually
cbhserved if the retroreflector is in close contact with the
underlying refleaﬁor. Such a phenomenon is based on the |
same primciplé as that an image can be visually confirmed
eveﬁ when antiglare treatment providihg a scattering
property is_applied to a front surface of an image display
xfor‘the puréose of imparting an antiglare property. In
contrast, the optical film 1 according to the first
embodiment preferably does not scatter light for the reason
that the optiqai film.l.is featured in transmitting light
other than the directionally reflected light of specific
wavelengths, and that the optical film 1 is affixed to-a
transmizssive member transmitting light primarily at
transmission ﬁavelengths, thus allowing the transmitted
light to be observed. Depending on usage, however, the
second optical layér 5 may be intentionally provided with
the scattering property.

The optical film 1 is preferably used in such a way
that it is affixed te a rigid member, e.g., the window
member 10, which has transmissivity primarily to the light
having passed'through the opticai film and falling in bands
other than‘the speéific wavelengths, with, e.g., an adhesive

interposed therebetween. Examples of the window member 10



include architectural window members.for high-rise buildings,
nousirgs, etc. and window members for vehicles. When the
optical film 1 is applied to the architectural window
membeis, it is preferably applied te¢ the window member 10
that is oriented te face in some direction within a range,
in particular, from east to south and further to west (e.g.,
_Qithin a range from southeast to southwest). This is
because, by applying the optical film l-to the window member
10 oriented as mentioned above, heat rays can be more
effectively reflected. The optical film 1 can be applied to
not only a single-layer window glass, but also a special
glass, such as a multilayer glass. Further, the window ,
member 10 is not limited to 2z glass-made member, and it may
be a member made of a high polymeric material having
transparency. The optical layer 2 preferably has
trangparency in the visible range. The.reason is that, with
the optical layer 2 having transyaﬁency in the visible range,
when the optical film 1 is affixed to the window member 10,
e.g., the window glass, visible light is allowed to pass
through the opticai Ffilm 1 and lighting with the sunlight
can be ensured. The optical film 1 may be affixed to not
only an inner surface cof a glass pane, but also an outer
surface therectf.

Further, the optical film 1 can be used in combination

with an additional heat-ray cutoff film. For example, a
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light absorption coating may be disposed at the interface
between air and the optical fiim 1 {i.e., on the ocutermost
surface of the optical f£ilm 1}. S8till further, the optical
film 1 can be used in combination with a hard coat layer, an
ultraviplet cutcff layer, a surface anti-reflection layer,
etc. When one or more of those functional lavers are used
in a comﬁined manner, the functional layer(s) is preferably
disposed at.the interface between the optical fiim 1 and air.
However, the ultraviclet cutoff lay@r is to be disposed on
the side c¢loser to the sun than the optical £ilm 1. Thus,
particu;arly when the optical film 1 is affixed to an inner
surface cf tﬁe window glass on the side facing the interior
of & room, the ultraviclet cutcif layer is desirably "
disposed 5etweeﬂ_the inner surféce of the wiﬁdow glass and
the opticai film 1. 1In that case, an ultraviolet zbsorber
may ke mixed in an affixing layer between the inner surface
of the window glass and the optical film 1.

Depending on the usage of the optical f£ilm L, the
optical film 1 may be colored to have a visually attractive
design. When the visually attractive design is giVen to the
optical film 1, it is preferable that at least one of the
first optical laver 4 and the second optical layer 5 absorbs
primarily light in a particular wavelength band within the
visible range to such an extent as not reducing transparency.

Fig. 2 is a perspective view i1llustrating the
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relationship between incident iight that is incident on the
optical film 1 and reflected light that is reflected by the
optical film 1. The optical film 1 has the incident surface
S1 on which light L is incicent. It is preferable that, of
the light I entering the incident surface S1 at an incident
angle (8, ), the opticalrfilm 1 selectively directionally
reflects light I, in a specific wavelength band in a
direction other fhan a specular reflection direction (-8, ¢
+ 180°) while transmitting light L other than the.specific
wavelength band therethrough. Alsco, the optical film 1 has
transparency to the light other than the specific wavelength
band. The transparency preferably falls within the later-
described range of transmission iﬁage clarity. Herein, 8 is
an angle formed by = perpendiéulax line 11'wi£h respect o
the incident surface 81 and the incident light L or the
reflected light I;. Alsc, ¢ is an angle formed by a specific
linear line 1; in the incident surface 51 and & component
resulting from proiecting the incident: light L or'the
reflected light IL; to the incident surface 51. The specific
linear line 1, in the incident surfa&e S1 implies an axis in
which the reflection intensity is maximizeé in the direction
¢ when the optical film 1 is rotated about an aﬁis provided
by the perpendicular line 1 with respect to the incident |
surface 51 -cf the opﬁicai fiim 1 while the incident angle (0,

¢) is held fixed (see Figs. 3A to 3C and Figs. 4A and 4B}.
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When there are plural axes {(directions) in.which the
reflection intensity is maximized, one of thosé axes 1is
selected as the linear line 1l,. Further, an angle 9 rotated
clockwise fggm the perpendiculaﬁ iine 1, as a reference is
defined as "+8", and an angle O rotated counterclockwise
from the perpendicular line 1; is defined as "-6", An angle
) rataﬁed clockwise from £he”linear line 1; as a reference is
defined as "+$", and an angle ¢ rotated counterclockwise
from the liﬁear line 1; is defined as "-¢".

The light in the specific wavelength band, which is to
be selectively directicnally refliected, and the light other
than the specifib wavelength band to be transmitted are set
. differently depénding on the usage of the optical film 1.
Por example, when the optical film 1 is applied to the
window member 10, the light in the specific waveléngth‘band,
which is to be selectively directicnally reflected, is
préf@rably near infrared light and the transmitted light
other than the specific wavelength ﬁand is preferably
visible light. 1In more detail, the light in the specific
wavelangth band, which is to be selectively directionally
reflected, is preferably near infrared light primarily
falling in-a aneiength band of 780 nm to 2100 nm. By
reflecting the near infrared lighl, & temperature rise
inside a building can be suppressed when the optical film 1

is affixed to the window member 10 such as the window glass.
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Accordingly, & cooling load can 59 reduced and energy saving
can be achieved. Herein, the expression "directionally
reflect" implies that light is reflected in a particular
direction other than the specular reflection direction_and
the intensity of the reflected light is sufficiently
stronger than the intensity of light diffusely reflected
with no directionality. Alsc, the expression "reflect™
implies that the reflectance in a spedifid wavelength band,
e.g., in the near infrared range, is preferably 30% or more,
nore preférably 50% or more, and even more preferably 80% or
more. Further, the expression "transmit” impiies that the
transmittanée in a specific wavelength band, e.g., in the
visible range, is .preferably 30% or more, more preferably
50% or more, and even more preferably 70% or more.

A direction ¢, in which the incident light is
direotiomaliy reflected by the optical film 1 is preferably
in the range of -90° or more to %0° or less. On such a
condition, when the optical film 1 is affixed to the window
member 10, it can return, of the light incoming from the sky,
the light in the specific wavelength band toward the sky.
When there ére no high-rise buildings in the surroundings,
the optical film 1 directicnally reflecting the incident
light in the above-mentioned range is usefully employed.
Further, the direction of the directional reflection is

preferably in the vicinity of (8, =¢). The expression
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"vicinity" implies that a deviation in the direction of the

~ directicnal reflection is preferably within 5 degrees, more
preferably within 3 degrees, and even more preferably within
2 degrees with respect to {8, -¢). The reason is that, by
setting the directibn of the directional reflection .as
described above; when the optical £ilm 1 is affi#ed to the
window member 10, it can efficiently raturn, of the light
incoming from the sky &bove bulldings standing side by side
at substantially.the same height, the light in the specific
wavelength band toward the sky above the other buildings.

In order to-realize_such directional reflection, it 1is
preferable; for-ekaﬁple, to employ a three-dimensional:
structure that is formed by using nof'only a part of a
spherical surface or a hyperbelic surface, but alsoc a
triangular pyzamid; a quédrangﬁlérfpyramid, or a circular
cone. The lightrincoming in the direction (8, ¢) (-90° < ¢ <
90°%) can be reflected in a direction (6o, ) (07 < 8, < 90°
and -90° < §, < 90°) in accordance with the shape of the
three—dimensicnal struciture. As an alternative, the three-
dimensicnal structure may have a pillar-like shape extending
in one direction. In that case, the light incoming in the
directicn (8, ¢) (-%0° < ¢ < 80°) can be reflected in a

. direction (B8,, —¢o) (0° < 8, < 90°) in accordance with a slope
angie of the pillar-like shape.

The light in the specificrwaveleangth band is preferably
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directionally reflected by the optical film 1 in a directiocn
in the vicinity of the--direction ofrr@troreflection. In
other words, with respect to the light incident on the
incident surface 81 at the incident angle (8, ¢), the
direction of the reflection of the light in the specific
wavelength band is preferably in the vicinity of (0, ¢).
The reason is that when the optical f£ilm 1 is affixed to the
window member 10, it can returﬁ, of the light incoming from
the sky, the 1ight in the s?ecific wavelength band toward
the sky. Herein, the expression "vicinity" implies that a
deviation in the direction of the directional reflection is
1§xefexably'wiihin 5 degrees, more preferably within 3
degrees, and even more preferably within 2 degrees. By
setting the direction of the directional reflection as
described above, when the optical film 1 is affixed to the
window member 10, it can efficiently return, of the light
incoming from the sky, the light in the specific wavelength
band toward the sky. In the case cf, e.g., an infrared
senscr or an infrared image pickup device where an infrared
light emitting unit and a light receiving uhit are arranged
adijacent to sach other, the directicn of retroreflecticn is
to be set aligned with the incident direction. However,
when sensing in a specific direction is not performed as in
the embodiments of the present technology, the direction of

retroreflection and the incident direction may be set not so



exactly aligned with each other,

A value of the transmission image clarity in the
wavelength band where the optical film 1 has transmissivity
is preferably 50 or lazger, more preferably 60 or larger,
and even more preferably 75 or larger when an optical comb
with a comb width of 0.5 mm is used. If the valﬁe cf the
transmission image clarity is smaller than 50, a
traﬁsmission image ten&s to blur in appearance. When the
value of the transmission image clarity is not smaliler than
50 aﬁd smaller than 60, there are no problems in daily life
though depending on cutdoor brightness. When the value of
the transmission image clarity is not smaller than 60 and
smaller than 75, the outdoor sight can be clearly viewed
althoughhonly a very bright obiject, such as a light sOULCe,
;auses a displeésing diffraction pattern. When the value of
the transmission image clarity is not smaller thén.75, a
diffracticon pattern is hardly displeasing. Further, a total
of values of the transmissicn image claritv measured using
cptical combs with comb widths of 0.125 mm, 0.5 mm, 1.0 mm
and 2.0 mm is preferably 230 or larger, more preferably 270
or larger, and even more preferably 350 or larger. If fhe
total value of the transmission image clarity is smaller
than 230, a transmission image tends to blur in appearance.
When the total value of the transmission image clarity is

not smaller than 230 and smaller than 270, there are no



proklems in daily 1ife though depending on outdoor
brightness. When the total value of the transmission image
'clarity is not sméller than 270 and smaller than 33, the
outdoor sight can be clearly viewed although only é very
bright object, such és a light source, causes a displeasing
diffraction pattern. When the total wvalue of the

_ transmission image clarity is not smaller than 350, the
diffraction pattern is hardly displeasing. FHerein, the
vaiue of the transmission image clazity is measurad in
conformity with JIS K710% by using ICM-1T made by Suga Test
Instruments Co., Ltd. When the wavelength to be transmitted
differs from that qf the D&5 light source, the measurement
is preferably performed after calibration using a filter
having the wavelength to be transmitted.

Haze occurred in the wavelength band whers the optical
film I has transmissivity is preférably 6% or less, more
preferably 4% or less, and even more preferably 2% or less.
If the haze exceeds 6%, the transmitted light is scattered
and a view is obscured. Herein, the haze is measured in
accordance with the measurement method stipulated in JIS
K7136 by u&iﬁg HM-150 made by Murakami Color Research
Laboratory Co., Ltd. When the wavelength to be transmitted
differs from that of the D65 light source, the measurement
is preferably performed after calibration using a filter

havifg the wavelerigth to be transmittfed. The incident
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surface 31, preferably both the incident surface S1 and the
emergent surface 32, of the optical f£iim 1 have smoothness
at such a level as not degrading the transmission image
clarity. More specifically, arithmetic mean roughness Ra of
the incident surface S1 and the emergent surface 852 is
preferably 0.08 um or less, more preferably 0.06 um or less,
and even more preferably (.04 um or less. Note that the
arithmetic mean roughness Ra is obtained as a roughness
parameter by measuring the surface roughness of the incident
(emergent) surface and deriving a roughness curve from a
two-dimensional profile curve. Measurement conditiong are
set in conformity with JIS BO601:2001. Details of a
measuring apparatus and the measurement conditions are as
follows;

measuring apparatus: full-automated fine shape measuring
machine SURFCODER ET4000A {made by Kosaka Laboratory Ltd.),

Ac = 0.8 mm, evaluation length: 4 mm, cutoff: x3, and

data sampling interval: 0.5 um.

VThe light transmitted through the optical film 1 is
prefefably as close as possible to neutral in color. Even
when the transmitted light is colored, the coler preferably
has a pale tone in blue, blue-green, or green, for example,
which-providesla cool feeling. FErom the viewpoint of
obtaining such a color tone, it is desired that chromaticity

coordinates Cx and Cy of the reflected light and the



transmitted light, output from the emergent surface Sz after
entering the incident surface S1 and passing through the
optical:layer 2 and the reflecting layer 3, safisfy
respective rangss of preferably 0.20 < Cx < (.35 and 0.20 <
Cy < (.40, more preferably 0.25 < Cx < 0.32 and 0.25 < Qy <
0.37, and even more preferably 0.30 < Cx < 0.32 and 0.30 <
Cy < 0.35, when the measuremsnt is conducted for irradiation
using the D65 light source, for example. Further, from the
viewpoint'of évoiding the color tone from becoming zeddisﬁ,
it is desired that the chromaticity coordinateé Cx and Cy

' satisfy the relationship of preferably Cy > Cx - 0.02 and
more preferably Cy >.éx. In addition, chénge in color tons
of the reflected light depending on the incident angle is
undesired because, when the optical film is applied to, e.g9.,
building windows, the color tone is different depending on a
viewing place and an appearing color is changéd upon walking.
From the viewgoint ofssuppréssing the above-mentioned

changes in the color tone of the reflected light, the light
preferably enters the incident surface Sl or the emergent
gsurface S2 at the incident angle 8 of 5° or larger and &60°

or smaller, and éééh of an absolute value of differencs
between chromaticity coordinates Cx and an absclute value of
difference between chromaticity coordinates Cy of the light
specularly reflected by the optical film 1 is preferably

0.05 5r'smaller, more preferably 0.03 cor smaller, and even



more preferably 0.01 or smaliler at each of both the
principal surfaces of the optica; film 1. The above-
described limitations on numerical ranges regarding the
chromaticity coordinates Cx and Cy of the reflected light
are desirably satisfied for both the incident surfaceVSE and
the emergent surface s5z.

The first optical laver 4, the second optical layexr 5,
and the reflecting layer 3, which constitute the optical
film 1: will be described in more detail below.

(First Optical Layer and Second Optical Layer)

The first optical layer &4 serves to, for example,
support. and protect the reflecting layer 3; The first
optical layer 4 1is made of a layer containing, e.g., & resin
as a main component from the viewpoint -of givihg the optical
film 1 with flexibility. For example, one of two principal
surfaces of the first optical layer 4 is a smooth surface
and the other is a concave-convex surface (first surface).
The reflecting layer 3 is formed on the concave-convex
surface of the first optical layer 4.

The second optical layér 5 serves to protect the
refleéting layer 3 by embedding the first surface {concave-
convex surface) of the first ﬁptical layer 4 on which the
reflecting layer 3 is formed. The second optical layer 5 is
made of a laver containing, e.g., a resin as a main

component from the viewpoint of giving the optical film 1
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with flexibility. For example, one of two principal
surfaces of the second optical layer 5 is a smooth surface
and thée other is a cconcave-~convex surface (second surface).
The concave-convex surface of the first optical layer 4 and
the céndave—convex surfazce of the second optigél layer 5 are
reversed to each other in a concave-convex relation.

The concave-convex surface of the first optical layer 4
iz formed, for example, by a plurality of structures 4c
arrayed in a one-dimensional pattern, and the concave-convex
surface of the second optical laver 5 is formed, for example,
by a plurality of structures 5c¢ arraved in a one~dimensional
pattern (see Figs. 3A to 3C and Figs. 4A and 4B). Because
the structures 4c of the first optical layer 4 and the
structures Sc of the second optical aner‘B differ only in
+halt the concave-convex relation is reversed to each other,
the following description is made just about the structures
4¢. of the first coptical laver 4.

In the optical filﬁ 1, an array pitch P of the
structures 4c is preferably not smaller than 5 um and not
larger than 5 mm, more preferably not smallér than 5 pm and
gmaller than 250 um, and even more preferably not smaller
than 20 wm and not larger than 200 um. If the array pitch P
of the structures 4c 1s smaller than 5 pm, part of the light
of the transmiésion wavelengths may be reflected in some

cases because it is generally difficult to form the
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structures 4¢ in the desgired shape and to sharpen a
wavelength selection characterié%ic of the reflecting layer
3. The occurrence of the above—described partial reflection
has a tendency of generating diffraction and causing even
higher~order reflections-to be visuélly recognized, ithus
making peoplé viewing through the optical film feel poorer
in transparency. On the other hand, if the array pitch P of
the structures 4creXCeeds % mm, a necessary film thickness
Vis increased and flexibility is lost when the shape of the
structures 4c necessary for the directional reflection is
taken intec consideration, thus causing a difficulty in
affixing the optical film 1 te a rigid bedy, such as the
window member 10. Further, by setting the‘érray pitch P of
the structures 4c¢ to be smailer than 250 wm, flexibility is
increased to such an extent that the optical film 1 can be
easily manufactured in a roll-to-rell manner and batch
production is not.necessary. When the optical film 1
according to the embodiment of the presenﬁ technology is
applied to bullding components such as windows, a length of
about several meters is necessary for the optical film I and
roll~to-roll production is more sultable than the batch
production. By setting the array pitch P to be not smaller
than 20 pm and not larger than 200 pm, productivity.can be
further increased.

The shape of the structures 4c formed on the surface of



the first optical layer 4 is not limited to one type, and
the structures 4c may be formedlin plural shapes on the
surface of the first optical layer 4. When the structures
4c are formed in plural shapes on the surface cof the first
optical 1ayer_4; a predetermined pattern including the
plural shapes of the structures 4¢ may be cyclicallf
repeated. As an alternafive, the plural shapes of the
structures 4c may be formed at randem [non-cyclically)
depending on the desired characteristic.

7 Figs. 3A to 3C are perspective views illustrating
examples of the shape of the structures 4c formed in the
first optical laver 4. The structuﬁes 4c are each in the
form of a pillar-like concave (recess) extending in one
direction. The pillar-liks structures 4c are arrayed side
by side in one direction, i.e., in a one-dimensional pattern.
The reflecting laver 3 is formed on the structures 4c.
Therefore, the reflecting layer 3 has the same shape as the
surface shape of the structures 4c.

The shape of the structures 4c can be, for example, one
of<a prism~like shape illustrated in Fig. 3A, a shape
obtained by rounding a ridge portion of each prism as
illusirated in Fig. 3B, a shape obtained by reversing a
ienticular shape as illustrated in Fig. 3C, and a shape
obtained by reversing one of the illustrated shapes. Herein,

the term "lenticular shape®” implies that a projection of
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each structure has a cross-sectional shape, which is, as
viewed perpendicularly to a ridgeline of the projection,
part of a circular-ares, substantially circular-arc,
elliptical-arc, substantially elliptical-arc, parabolic, or
substantially parabclic shape. Thus, a cylindrical shape 1is
alsc included in the lenticular shape. Further, as
illustrated in Tig. 3B, the ridge portion of the projection
.may be rounded to have a curvature radius R. A ratioc R/P of
the curvature radius R to the arréy ?itch P is preferably 7%
or less; more preferably 5% or less, and even more

preferably 3% or less. Note that the shape of the structure
4o is not limited to the examples illustrated in Figs. 32 to
3C or the sﬁapes reversed to the illustrated shapes, and it
may be 2z toroidal, hyperbolic cylin&rical, elliptic
cylindrical, polyﬁedral cylindrical, or a free-form shape.
Further, an apex portion of the prism-like or lenticular
shape may have a polygonal shape (e.g., a pentagonal shape).
When the structure 4c has a prism-like shape, a slope angle

¥ {see Fig. 14) of the prism-like structure 4c is, e.g., 45°.
From the viewpoint of reflecting larger part of lighﬁ
“inceoming from the sky to bs returned toward the sky when thse
ontical film is applied to the window member 10, the
structure 4c preferably has a flat surface or a curved
surface, each of which is sioped at the slope angle of 45°

or larger. With the structure 4c¢ having such a shape, the



incident light can be returned toward the sky after being
‘refleCted substantially just once. Accordingly, even when
the reflectance of the reflecting layer 3 is not so high,
the incident light can be efficiently reflected toward the
sky, and absorption of light by the reflecting layer 3 can
be reduced.
As illustrated in Fig. 44, the shape of the struétur@

4C may belésymmétrical with respect to a line 14
perpendicular to the incident surface S1 or the émeréent
surface 82 of the optical film 1. In such a case, &
principal axis lm‘of the structure 4¢ is inclined from the
peipendicular line 1, as a reference in a direction a in
which tﬁe structures 4c are arrayed side by side. Herein,
the principal axis l, of the structure 4c represents a
linear line passing a midpoint of a bottom side ofrthe
sﬁruéture aﬁd an épex of the structure in a cross-section
theresof. When the éptical film 1 is affixed toc the window
member 10.arrasnged substantially vertically to the ground,
the principal axis 1n of the structure 4c is preferably
inclined, as illustrated in Fig. 4B, to the downward side
(ground side) of the window member 10 from the pérpendicular
line 17 as a teference., In general, a larger amount of heat
(optical energy) arrives from the sun through windows in a
time zone pastlghe noon, and the altitude {(elevation angle)

of the sun is mostly higher than 45° in such a time zone.
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By émpioying the structure having the above-described shape,
the ligbt incoming from the sun at the high altitude can be
effiéi@ntly reflectéd upward. In the example illustrated in
Figs. 4A and 4B, the prism-like structure 4c is formed in an
asymmetrical shape with respect to the perpendicular line li.
Additionally, the structure 4c having a shape other than the
prism-like shape may also be formed in an asymmetrical shape
with respect to the perpendicular line 1;. For example, a
corner cube may be formed in an asymmetrical shape with -
respect to the perpendicular line 1:.

The first optical layer 4 preferably contains, as a
main component, alxesin of the type exhibiting a small
reduction in its storage (elastic) modulus at 100°C and not
providing a significant difference in storage modulus
between 25°C and 109°C; In more detail, the first opticsal
layer 4 pr@ferébly contains a resin having the storage
modulus of 3 x 10° Pa or less at 25°C and the storage modulus
of 3 x 107 Pa or more at 100°C. The first optical layer 4 is
praferably made of one type of resin, but it may contain two
or moré types of resins. Further, the first optical layer 4
may be mixed with an additive, when necessary.

When the first optical layer 4 contains, as a main
component, the resin of the t?pe exhibiting a2 small
reduction in its storage modulus at 100°C and not providing

a significant difference in storage modulus between 25°C and



100°C as described above, the first optical layer 4 can
substantially maintain the interface shape as per design
even when a process under application of heat or both of
heat and pressure is carried out after forming the corncave-
convex surface {first surface) of the first optical layer 4.
On the other hand, if the first optical layer 4 contains, as
a main component, a resin of the type exhibiting a large
reduction in its storage modulus at 100°C and providing a
significant difference in‘storage moduius between 25°C and
100°C, the interface shape is deformed from the designed
shape to such a large extent that the optical film 1 may be
curiead,

The process under application of heat includes not only
a process of directly applying heat to the optical film 1 or
components thereof, such as annealing, but alsoc a procesé in
which temperature at the surface of z formed film is locally
raised and heat is indirectly applied to the film surface,
for example, during formation of & thin film and during
curing of a resin composition, and a process in which the
température of a mold (die) is raised upon irradiaticn with
energy rays and heat is indirectly applied to the optical
film. Further, the effect resulting from restricting the
numerical range of the storage modulus as described above is
not limited to the case using the particular type of resin

and can be similarly cbtained when a thermoplastic resin, a



thermosetting resin, and an energy-ray irradiation resin are
used.

The storage modulus of the first optical layer 4 can be
confirmed, for example, as follows. When the surface of the
first optical laver 4 ié exposed, the storage modulus of the
first optical layer £ can be confirmed by measuring the
storage modulus of the exposed suyﬁace with a'micrqwhardness
tester. When the first base 4z, étc: are formed on the
surface of the first optical layer 4, the storage modulus of
the first optical layef'4'can be confirmed by peeling off
the first bése 4a, etc. to make the surface of the first
optical layer 4 exposed, and then measuring the storage
modelus of the_exposed surface with a micro-hardness tester.

A reducticn in the storage modulus at high temperatures
can be suppressed, for example, by & method of adjusting,
e.g., the length and the kind of a side chain when the
thermoplastic resin is used, and by a method of adjusting;
e.c., the number of cross-linking points and the molecular
structure of a cross-linking agent when the thesrmosetting
resin or the energy-ray irradiation resin is used. However,
it is preferable that the characteristics demanded for the
resin material itself are not degraded with such a
structural change. Depending on the type of the cross-
lin¥king agent, for example, the storage modulus at about

room temperature may be increased to such an extent that a
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resin film becomes brittle, or that the resin film is curved
or curled due to large shrinkage. It is, therefore,
preferable to properly select the type_of the cress-linking
agent depending on the demanded characteristics.

When the first optical layer 4 contains a crystalline
high-polymeric material as a main component, it preferably
conﬁains, as a main compenent, a resig having ﬁhe glass
tranéition ?oint higher than a maximum temperature dﬁring a
manufacturing process and‘exhibitiﬁg & small reducﬁion in
the storage ﬁodﬂlus at the maximum temperature during the .
manufacturing process. On_the other hand, if a resin having
the glass transition point in the range of the room
temperature 25°C to the maximum temperature during the
manufacturing process and exhibiting a large reduction in
the storage modulus at the maximum temperature -during the
manufacturing process is used, a difficulty occurs in
maintaining the ideal interface shape as per design during
the manufacturiﬁé process.

When the first optical laver 4 contains a non-
crystalline (amorphous)Vhighwpolymeric material as a main
component, it prefefably contains, as a main component, a
regin having the melting point higher than the maximum
temperature during the manufacturing process and exhibiting
a small reduction in the storage modulus at the maximum

temperature during a manufacturing process. On the other



hand, if a resin having the melting point in the range of
the rcom temgerature 25°C to the maximum temperature during
the manufacturing process and exhibiting a large reduction
in the storage modulus at the maximum temperature duzing the
manufacturing process is used, a difficulty occﬁrs in
maintaining the ideal interface shape as per design during
the manufacturing process.

Herein, the expression "maiimum temperature during the
manufacturing process" implies a maximum temperature at the
concave-convex surface (first surface) éf the first.éptical
layer 4 during the manufacturing process. Preferably, the
second optical layer 5 also satisfies the aﬁove—meﬁtioned
numerical range of the sterage modulus and the above-~
mentioned temperzture range of the glass transition point.

Thus, at least one of the first optical laver 4 and the
second optical layer 5 preferably contains the resin having
the storage modulus of 3 x 10% Pa or less at 25°C. On such a
.conditicn, the optical film 1 can be given with flexibility
at the room temperature 25°C and can be manufactured with
the roll-to-roll process.

| Tﬁe first base 4a and the second base 5a have
transparency in an exemplary case. Each base is preferably
in the form of a {ilm from the viewpoint of giving the
optical film 1 with flexibility, but the form of the base is

not particularly limited to the film. The first base 4a and
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the second base 5z can be each formed by . using, e.g.,
general high polymeric materials. Exampleé of the general
high polym@ric materials include triacetylcellulese (TAC),
polyester (TPEE), polyethylene terephthalate (PET),
polyimide {PI),'polyamide (PR}, aramid, polyethylene (PE),
polyacrylate, polyvethersulfone, polysulfone, polypropylene
(PP),.diacetyl celluleose, polyvinyl éhloride, acrYlic resin
(PMMAY, polycarbonaté {(PC), epory resin, urea resin, |
urethaﬁe resin, and melamine resin. However, the matexiais
of the first baseréa and the second base 5z are not limited
to the above-mentioned particular examples. The thickness
of each of the first base 4a and the second base 5a is
preferably 38 %o 100 um from the viewpoint of productivity,
but it is mot limited to such a particular range. The first
basé 4z or the second base 5a is preferably transmissive to
an energy ray. The reason ig that when the first base 4a or
the second base 5a is transmissive tTo an energy ray, an
energy-ray curable resin interposed between the first base
4a or the second base Sa and the reflecting layer 3 can be
cured, as described later, by irradiating the @nergy;ray
curable resin with the energy ray from the side including
the first base 4a or the second base 5a.

The first optical layer 4 and the secoend optical layer
5 have transparency in an_exemplaryrcase. The first cptical

layer'é and the second optical layer 5 are each obtained,
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for example, by curing a resin composition. As the resin
coﬁpositio;, an energy-ray curable resin capable of being
cured upon irradiation with light or an electron beam, or a
thermosetting resin capable of béing cured upon application
of heat is preferably used from the viewpcint of easiness in
pﬁoduction. As the energy-ray curable resin, a
photosensitive resin composition capable of being cured upon
irradiation with light is preferable, and an ultraviolet
curable resin coﬁposition capable of being cured upon
irradiation with an ultraviolet ray 1ls most preferable.

From the viewpoint of increasing adhesion between the first
optical layver 4 or the second optical layer 5 and the
reflecting layer 3, the resin'cémpositiOﬂ preferably further
contains a compound containing phosphoric acid, & compound
containing succinic acid, and a compound containing
butyrolactons. - The compound containing phosphoric acid may
be, e.¢., (methlacrylate containing phosphoric acid,
preferably a (meth)acryl monomer or oligomer having
phosphofic acid in a functicnal -group. The compound
containing succinic acid may be, e.g., {(meth)acrylate
containing succinic acid, preferably a Emeth)acryl monomer
or coligomer having succinic acid in a functional group. The
compound containing butyreolactone may be, e.g9.,
{(meth)acrylate containing butvyrolactons, preférably a

(meth)acryl monomer or cligomer having butyroliactene in a



functional group.

The ultraviolet curable resin composifion contains,
e.g., {meth)acrylate and a photopelymerization initiator.
The ultraviolet curable resin composition may further
contaln, when necessary, a phot0wstabilizer,'a fiame
retardant, a leveling agent, and/or an anti-oxidant.

As the acrvlate, a monomer and/or an cligomer having
TwWo Or more (méth)acryloyl groups is preferably used.
Examples of such a monomer and/or oligomer include urethane
(meth)acrylate, epoxry (meth}aérylate, polyester
(meth)acrylate, polyol {meth)acrylate, polyether'
(meth)acrylate, and melamine (methﬂacrylate. Harein, the
term "(meth)acryloyl group” implies an acryloyl group or a
methacryloyl group. The term "cligomer"™ used herein implies
a molecule having molecular weight of 500 or more to 600CC
or less.

The photopolymerization ini;iator used here can be
selacted, as appropriate, from among general materials. As:
examples of the general materials, benzcophenone derivatives,
acetophenone derivatives, anthraguinone derivatives, etc.
can be used alone or in combination. An amount of the
photopolymerization initiator mixed is preferably 0.1% by
mass or more and 10% by mass or less of the solid content.
If the amount of the photopolymerization initiator mixed is

less than 0.1% by mass, photo~curability is reduced to such
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a ievél as being not suitable for industrial production from
the practical point of view. On the other hand, if the
amount of the photopolymerization initiator mixed exceeds
10% by mass, an odor tends to remain in a formed.coating
‘when an amount of light emitted for the ilrradiation is
insufficient. Herein, the term "so0lid content”™ implies all
components constituting the first optical layer 4 or thé
second optical layer 5 after being cured. The solid content
ingludes, for example, the acrylate, the photopolymerizatiocn
initiaﬁox, etc.

Preferably, the resin 5&3 such a property that a
structure can be transferred to the resin upon, e.g.,
irradiation with the esnergy ray or application of heat. Any
type of resin, including a vinyl-based resin, an epoxy-based
resin, a th@rmoplastic resin, etc., can bs used as long as
the resin éatiéfieé the above-described regquirements for the
refractive index.

The resin may be mizxed with an oligomer to reduce
curing shrinkage. The resin may further contain, e.g.,
polyisocyanate as a curing agent. In consideration of
adhesion between the first optical layer 4 or the second
optical layer 5 and the adjacent layer, the resin may be
further mixed with suitable one or more of monomers having a
nydroxyl group, a carboxyl group and a phosphoric group;

polyels; coupling agents such as carboxylic acid, silane,



aluminum and titanium; and various chelating agents.

The resin compositicn preferably further contains a
cross-linking agent. In particular, a cyclic cross-linking
agent 1s preferably used as the cross-linking agent. By
using the cross-linking agent, the resin can be made heat-
resistant without greatly changing the storage modulus at
the room temperathre. If the storage modulus at the room
temperature is greatly changed, the optical film 1 may
‘become brittle and a difficulty may occur in fabricating the
" optical film 1 with the roll-to-zroll process; Examples of
the cyclic cross-linking agent include dicxaneglycol
diacrylate, tricyclodecanedimethanol diacrylate,
tricyclodecanedimethanol dimethacrylate, ethylene oxide-
modified isocyanurate'diacrylate, ethylene oxide-modlified
. isocyanurate triacrylate, and caprolactone-modified
txis(acryloxyethyl) isocyanurate.

Preferably, the fifst base 4a or the second baée 5a has
water vapor pé;meability lower than that of the first
optical layer 4 or the second optical layer 5, respectively.
For example, when the first optical layer 4 is formed by
using the energy-ray curable resin, e.g., urethane acrylate,
the first base 4a is preferably formed by using a resin
having water vapor permeability lower tﬁéh“ﬁhat'of the first
o?tiéal”layér'é énd being fransmiééi%e to the energy ray,

e.g.; polyethylene‘terephthalate {PET}. As a result,
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diffusion of molisture into the reflecting laver 3 from the
incident surface S1 or thé emergent surface 52 can be
reduced and deterioration of & metal, etc. contained in the
reflecting layer 3 can be suppressgd.A Hence, durability of
the optical film 1 can be imprb%ed; Note that the water
vapor permeability of PET having a thickness of 75 um is
about 10 g/m*/day (40°C, 90%RH).

Preferably, at lesast one of‘th@ first optical layer 4
and the second optical laver 5 contains a functional group
having high polarity,‘and the content of such a functional
group differs between the first optical layer 4 and the
second opiical layer 5. More preferably, both the first
optical layer 4 and the second cptical layer 5 contain a
‘phosphoric compound (e.g., phosphoric éster),'and the
content of the phosphoric compound differs between the first
optical layer 4 and the second o?tical.layer 5. The
difference in the content of the phosphoric compound betwesen
the first optiéal laver 4 and the second optical layer 5 is
preferably two 5r more times, more preferably five or more
times, and eveﬁ more preferzbly ten or more times.

When at least one of the first optical layer 4 and the
second optical layer 5 contains the pheospheric compound, the
réflectiﬁg layér Sfpreferably contains an oxide, a nitxidé,
or én oxynitride'in its surface-contécting.with ﬁhe first

optical léyer 4 or the second optical Jlayer 5 that contains
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the phosphoric compound. It is particularly preferable that
the reflecting layer 3 includes a layer, which contains zinc
oxide (Zn0) or niobium oxide, in its surface contacting with
the first optical laver é or the seccnd optical layer 5 that
¢contains the phosphoric compound. Such a feature is
effective in increasing adhesion between the first optical
layer 4 or the second optical layer 5 and the reflecting
laver 3. BAnother reason is that an anticorrosicn effect 1is
increased when the reflecting layer 3 contains a metal, such
as Ag. Additionally, the reflecting layer 3 may contain a
dopanﬁ; such as Al or Ga. The reason is that the dopant
improves film gquality and smoothness when a metai oxide
layer is formed by, e.g., sputtering.

From the viewpoint of giving the optical film 1, the
window member 10, etc. with a visually attractive design, at
least one of the first optical layer 4 and the second
optical laver 5 preferably has a characteristic of absorbing
light in a particular wavelength band within the visible
range. A pigment dispersed in the resin may be either an
organic pigment or an inorganic pigment. In particular, an
inorganic pigment having high weétherbility in itsglf is
preferable. Practical examples cf the inorganic pigment
inciude zircone gréy (Co- énd Ni-doped Zr3i0;), praseodymium
vellow (Pr—doped ZrSiG:), chrome-titania yellow (Cr- and Sb-

doped Ti0O; or Cr~ and W-doped TiOz), chrome green (such as_
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Cr203), peacock blue [(CoZn)0(AlICr)a0s), Victoria green ({Al,
Criz0s), deep blue {Co0-Als04-510:), vanadium-zirconium blue
(V~doped Zr3i0,), chrome-tin pink {Cr-doped Cal-3n0;-5i0:},
manganese pink {(Mn~doped Al;03), and salmon plnk (Fe-coped
Zr5i0s). Examples of the organic pigment include an azo-
based pigment and a phthalocyanine pigment.

As described above, the second optical layer &5 serves
to protect the reflecting layer 3 by embedding the first
surface (concave-convex surface) of the firstmoptical layer
4 on which thé reflecting layer 3 is formed. By setting the
refractive_index of the éecond opﬁical layer 5 té fall
within a predetermined rangs, it is possibkle to refract the
light entering the optical film 1 at the incident surface 81
and to modify an actual incident angle with respect to the
reflecting layer 3. It is further possibkle to suppress a
reduction of the directionally reflected component, Which is
.caused by the reflectién of the incident light at the
air/résin interface. Accordingly, even when the shapes of
tip portions of the structurés constituting the refiecting
layer 3, e.qg., tﬁe shapes of ridge portions in the case of
the structures being made of corner cubes, are deformed
{collapsed}, an overall rate of the directionally reflected
component can be held high. “

The réfractive index of the sscond optical layer 5 is

preferably 1.1 or more and 1.9 or less, more preferably 1.4



or more and 1.6 or less, and even more preferably 1.49 or
more and 1.55 @r less. By setting the refractive index of
the resin embedding the peﬁlecting layer to hbe heid in the
above—mentionedliangé; a reduction in the direcfionél
reflection performaﬁce of the optical £ilm can be suppressed -
even when the shapes of tip portions of the sgtructures are
deformed from the ideal one.
fReflecting Layer)

The reflecting layer 3 is, for example, & wavelength-
‘selective reflecting layer in the form of a multilayer
(stacked) film, which directionally reflects, of the light
entering the incident surface at the incident angle (6, ¢,
the light in the spécific wavelength band, while
transmi%ting the light other than the specific wavelength
band éherethrough. A mean f£ilm thickness of the :efleéting
layer 3 is preferably 20 pm or less, more preferably O pm or
less, and even more preférébly 1 pm or iess. If the mean
£41m thickness of the reflecting layer 3 exceeds 20 um, the
length of an optical path in which the transmitted light is
refracted is increased, and the tranémission image tends to
distorf in appearance. The reflecting layer 3 can be formed,
foﬁ example, by sputtering, vapor deposition, dip ceating,
or die ecoating.

The multilayer film has a multilaver structure formed,

for example, by successively stacking a high refractive
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index layer héving a high refractive index with respect to a
metal laver in the visible range and serving as ah anti-

‘ xéfiéCtibh?;ayetijtﬁe:metal layer hayiﬁg‘a'highrxefiectamce; :
in the ;nf{aredfréﬁéé;lané'é high réfraétive index lafer
having a high refractive index with respect to the metal
layer in the visible range and serving és an anti-refiection
layer. An optical transparent layer or a transparent
alectroconductive laye; can be used as the high refractive
index laver.

The metal layver having a high reflectancé in the
infrared.range contéins,:as a main cemponent, Au, Ag, Cu, AL,
Ni, Cr, Ti, Pd, Co, Si, Ta, W, Mo or Ge alone, or an alloy
containing two or more selected from among those elements,
for example. Of those sxamples, Ag-, Cu—, Al-, 8i- or Ge-
based materials are preferable in consideration of
practicability. When an alloy is used as the material of
the metal layer, the metal laver preferably contains, as a
main component, AlCu, Aiti, Al1Cr, AlCo, A1NdCu, AIMgSi, AgBi,
AgNdCu, BgPdCu, AgPATi, AgCuTi, AgPdCa, AgPdMg, AgPdFe, Ag,
or $iB, for example. To retard corrosion of the metal layer,
an additional material, such zs Ti or Nd, is preferably
mixed in the metal layer. In particular, when Ag is used as
the material of the metal laysr, it 1s preferable to mix the
additional material.

The optical transparent layer is a layer having a high
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refractive index in the vigible range and serving as an
anti—reflecﬁiqn layer. The optical ;ransparent layer
contains, és.é;maiﬁ Gompdhent, a ﬁigh—diélectiio méééﬁial,
é;g., niobium oxide, tantalum oxide, ofﬁtitanium oxide., The
transparent electroconductive layer contains, a&s a main
component, ZnO-based oxide or indium-dopad tin oxide. The
nO-based oxide can be, for example, at least cne selected
from among a group including zinc cxide (Zn0), gallium {Ga)~
and alu¢inum (Bl)~doped zinc oxide (GAZO), aluminum (Al)—
doped zinc oxide (AZO),Aand gallium {Ga) ~doped zinc oxide
(GZO) .

The refractive-indéﬁ ot the high refractive index layer
included in the multilayver f£ilm is preferably in the range
of 1.7.or'more to 2.6 or less, more preferably 1.8 or more
to 2.6 or less, and even more preferabiy 1.% or more to 2.6
or less. By setting the refractive index as mentioned above,
anti-reflection can bhe realirzed in the visibie"range with a
film that is so thin as not to cause cracking. Note that
' the refractive index is measured at a wavelength of 550 nm.
The high réf£active index layer is a layer centaining, as a
main component, a metal oxide, for example. In some cases,
the mefal ozide used here is preferably to be other than
zinc oxide from the viewpoint of zeiaxing stresses in the
layver and suppressing the occurﬁence of cracks. In

particular, at least one selected from among a group
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including niobium oxide‘fe.g.; niobium pentoxide}, tantalum
,smxideu(efg,;:tanta;pm pentogide){ anq,titanium oxide 1is
'ﬁféféﬁablyrﬁsed. by iiim thi;knéss of the highfrefracti§e'
index layer is preferably.lﬂ nm or more and 120 nm or less,
more preferably 10 nm or more and 100 nm or iess, and even
more preferably 10 nm or more and 80 nm or less. If the
film thickness is less than 10 rmm, the high refractive index
layer is moxé apt to reflect the visible light. On the
other hand, if the f£film thickness. exceeds 120-nm, the high
refractive index layer is more apt to reduce transmittance
and to cause cracking. -

Fig. 5 illustrates one example of layer structure of
the reflecting layer 3. The following description is made
on an assumption that stacked layers are called a first
layer, a second layer, and a third laver in order from the
emergent surface side of the reflecting layér 3. The first
layer and the third iayer are each a high refractive index
layer containing, e.g., GAZC as a main component and are
formed in film thicknesses substantially equal to each other.
The difference in film thickness between the first layer and
the third layer is preferabiy 10% or less, more preferably
5% or less, and even more preferably 3% or less with respect
to the film thickness of the counterpart (comparison target)
of those two layers. The second layer is a metal layer

containing, e.g., AgNdCu as & main component.
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The layer structure of .thée g 1ayet 3 is dot

llmltedto that ilrlustia_ted-iln '?'ig."Sf "‘Fi'(js. 6A to 6E
iilustrate éther'eXamﬁles'of‘the'iéyer étructﬁre of the
reflecting layer 3. Fig. ©A illustrates an example in which
the high refractive index layer as the first-layer is a
laver containing Nb:05 as a maln component, and the metal
layef as the second layer 1s a layer containing AgBl as a
main component.

As another example, each high refractive index layer
may have a mulitilayer structure that two or more layers
having different refractive indexes are stacked. Figs. 6B
to 6E illustrate examples of the reflecting layer 3 in which
tﬁé high refractive index layer has a multilayer structure.
In the-exaﬁple illusfrated in Fig. 6B, the higﬁlrefractive
index layef as the third laver has a multilayer structure
that a layer containing GAEZO a3 a main componeéent and a layer
.containing Nb,Os as a main component are stacked. In the
example illiustrated in Fig. &C, the high ﬁefractive index
layer as the third layer has a multilayer structure that a
layer contéining‘GAZO'as a main component, a laver
containing Nby(Os as a main component, and a layer contaihing
GRZO és a main compornent are successively stacked. In the
example illustrated in fig; 6D, each of the high refractivé
index layers as the firegt layer and the third layer has a

multilayer structure that a layer containing GAZO as a main



'éompéﬂent anc a layer éqntaining Nbgo5 as a main component
are stacked. iﬁ the example iilustrated ih Fig. 6E; tﬁe
h;gh réfractive index layér as the first layer has a
multileyer structure that a layer containing Nb2Os as a main
component and a layer containing GAZO as a main component
are stacked, and the high refractive index layer as the
third layer has & multilayer structure that a layer
containing GA%0 as a main component, a layer containing NbaOy
as a main componént, and a layer containing GAZO as a main
component are successively stacked.-

Tndividual films constituting the multilaver film are
not limited to thin films made of inorganic materials, and
the multilayer film may be formed by étacking a thin film
made of a high polymeric material, or a layer containing
fine particles, etc. dispersed in a high polymeric material.
Ffurther, a thin buffer layer made of, e.g., Ti and having a
+hickness of sboui several nanometers may be formed at ths
interface between the formed optical transparent layer and
the adjacent layer for the purpose of preventing oxidaticn
degradation of a metal in the underlying.layer when the
optical transparent layer is formed. Herein, the term
"huffer layer” implies a layer that is self-ozidized to
suppress oxidation of e.g., a metal layer as an underlying
layer when an overlying layer is formed.

(Suppression of Change in Color Tone)



In the emﬁodiment-of the’preéent technology,-chénge in
color toné is suppressed by setting én index vaiue that
represents a color tone, e.g., redness or blﬁeness, and by
- forming a multilayer film so as to satisfy tﬁe set index
value. Herein, a redness index and a blusness index are
empioﬁed to set the index value representing the colcor tone.

The redness index provides an index value for
determining whether the transmitted light appears reddish.
The rednesslindex value is calculated by dividing a value,
which is resulted from integrating the product of.a light

source spectrﬁm, a refiectance, and & luminosity factor
{visual sensitivity} in the‘ﬁavelength range of 620 nm to
750 nm,‘by a value resulted from integrating the preoduct of
ca light source spéctrum and a visual sensitivity.

The redness index value is preferably (0.258 or smaller,
more preferably 0.250 or smaller, and even more preferably
0.200 or smaller. When the rednesslindex value is 0.200 or
smaller, redness is not displeasing regardless of external
environments. When the redness index value 1s larger than
0.200 and not larger than 0.250, redness is hardly
displeasing. When the fédness index‘value is larger than
0.250 and not larger than 0.258, redness is not sc sensibly
displeasing though depending on outdoor brightness. On the
other hand, if the redness index value is larger than 0.258

and not iarger than 0.299, the transmitted light tends to

- 50 -



. appear somewhat reddish in a particular angle direction. If
the redness index value ls larger than 0.25%8, the
transmitted light tends to appear reddish deeply in the
particular angle direction.

The blueness index provides an index value for
determining whether the transmitted light appears biuish.
Similariy to the re&ness index value, the blueness index
value is calculated by dividing a value, which is resulted
from integrating the product of a light source spectrum, &
reflectance, and a visual sensitivity {luminosity factor) in
the wavelength range of 620 nm to 750 nm, by a value
resulted from integrating the productkof a light source
spectfum and a visual sensitivity.

The blueness index wvalue is preferably 0.2Z210 or smaller,
more preferably 0.200 or smaller, and even more préferably
'0.170 or smaller. When the blueness index value is 0.170 or
smaller, blueness is not displeasing regardless of external
environments. When the blueness index value is larger than
0.170 and not larger.than 0.200, blueness is hardly
displeasing. When the blueness index value is larger than
0.200 and hst larger than 0.210, blueness is not so sensibly
displeasing though depending on outdoor brightness. On the
Oﬁher hand, if the blueness index value is larger than 0.210
_and not larger than 0.219, the transmitted light tends to

appear somewhat bluish in a particular angle direction. If
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the blueness index valué is larger than 0.219, the
transmitted light tends to appear bluish deeply in the
particular angle direction. |

{Function of Optical Film)

Figs. 7A and.7B are each & sectional view to explain
one example of function of the optical film. The following
description is'made,‘by way of example, in connection with
the case_where séach of the structures constituting the
concave-convex surface has a prism-like shdpe with a slope
angle of 45°. As illustrated in Fig. 7A, part of a near
infrared ray Iy in the sunlight entering the cptical film 1
is directiocnally reflected toward the sky in a substantially
reversed relation to the direction of the incident light.
On the other hand, visible light L, passes through the
oﬁtical £ilm 1.

Further, as illustrated in Fig. 7B, the light entering
the optical film 1 aﬁd reflected by the reflecting surface
of the reflecting layer 3 is separated into a component ILa
refilected toward the sky and a component ILp not reflected
toward the sky at & proportion depending on fhé'incident
angle. The component Lz not reflected toward the sky is
totally reflected at the interface between the second
o?tical layer 5 and air and is then finally reflected in a
direction differing from the incident direction.

Given that the light incident angle is 5, the refractive
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index of” the second optical-layer S‘isrn, and the
reflectance of the reflecting layer 3 is R, a proportion M
of the ﬁpwérd reflacted component L, with réspect to the
total incident component can be expressed by the following
formula (7):
M o= (sin(4§l— §') + cos (45 - ") /tan(45 + 8'))/
(sikn(-qs - 8') + cos{45 ~ §'}) x B A7)
where ' = sin™*(sind/n)

As the_pxopoftibn of the component Ly not reflected
toward theé sky increases, fhe proportion at which the
incident light is refiected toward the sky decreases.
Contriving or improving the shape of the reflecting layer“3,
i.e., the shape of the structure 4c of the first optical
laver 4, is effective in increasing the propoftion of the
component reflected toward the sky. To increase the-
proportion of the upward reflection, the stfuctuxe e
preferably has, for example, the lenticular shape
illustrated in Fig. 3C or the asymmetrical shape 1llustrated
in Figs. 4A and 4B. With the structure 4c having such a
shape, the 1ight‘entering‘building window members, etc, from
the sky {upwaid direction) can be reflected at a larger
proportion to the sky (ﬁpward direction) even though the
iight is not reflected in exactly the same direction as the

incident light. In the case of the two shapes illustrated

in Fig. 3C and Figs. 4B and 4B, the incident light can be



returned to the sky’affer being reflected once by the
reflecting layer 3, as illustrated in Figs. 8A and 8B, and
hence the reflected compeonent can be finally obtained in a
larger amount than that obtain&d in the case of thé shape,
iillustrated in Figs. 7A and TB, where the ilncident light is
reflected twice {or three or more-times}. Given that the
reflectance of the reflecting layer 3 at a certain
wavelength is 80%, for example, when the incident light is
returned to,the sky after being reflected twice, the upward
reflectance is theoretically 64%. However, when the
incident light is returned to the sky after being reflected
once, the upward reflectance is theoretically B80%.

Figs. 23 and 9B illustrate the.relationship among a
ridgeline 1; of the pillar-like structure 4c¢, the incident
light L, and the reflected light IL;. It is preferable that,
of the light L entering the incident surface 51 at an
incident angle (6, @), the optical film 1 selectivély
directionally reflects the light Ly in the specific
waveiength band in a direction (6y, =) (0° < 8 < 90°) while
transﬁitting the iight I; other than the spscific wavelength
band therethrough. By .satisfying that relationship, the
optical film i.can reflect the light in the specific
wavelength band toward the sky. Herein, 8 is an angle
formed by'a perpendicular line 1, with respect to the

incident surface S1 and the incident light L or the



reflected light L;. Also, ¢ is an angle formed in the
incident surface 81 by a iinear line l;, which is orthogonal
to the ridgeline 1; of the pilliar-like structure 4&, end a
component resulting from projecting the incident light L or
the reflected light T; to the incident surface 81. Further,
an angle‘e rotated clockwise from the perpendicular line 1,
as a reference is defined as "+8", and an angle €] rotafed
counterclockwise from the perpendicular line 1; is defined
as "-8". BAn angle ¢ rotated clockwise from the linear line
i as a reference is defined as "+¢", and an angle ¢ rotated’
counterclockwise fram the linear line 1, is defined as "-¢".
[Aoparatus for Manufactdring Optical Film]

Fig. 10 is a schematic view‘iliusﬁrating one examplie of
construction of an apparatus for manufscturing the optical
film acéording to the First embodiment of the present
technology. As illustrated in Fig. 19, the manufacturing
appafatus includes léminating rolls 41 and 42, a guide roll
43, a ceoating device 45, and an irradiation device 46.

The laminating rolls 41 and 42 are arranged to be able
‘to nip a reflecting-layer affixed optical layer 9 and the
second base 5a therebetween. The=reflecfingwlayer affized
optical laver 9 is a layer obtained by forming the.
reflecting layer 3 on one principal surface of the first
optical layer 4. The reflecting-layer affixed optical layer

9 may further include the first base 4a dispesed on the
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other principal surface of the first optical layer 4 on the
‘opposite side to the éne principal surface thereof on which
the reflecﬁing iayer 3 is formed.' In the illustrated
example, the reflectin§ layer 3 is formed on the one
principal surface of the first optiéal layer 4, and the
first baseréa is dispossd on the other principal surface of
the first optical layer 4. The guidse rell 43 is arranged in
‘a conveying path inside the manufacturing apparatﬁs to be
- able teo convey the qptical film 1 having a belt—likg shape.
Materials of the laminating rolls 41 and 42 and the guidev
roll ﬁ3 are not limited fto particular ornes. A metal such as
‘stainiess steel, rubber, silicone, etc. can be opticnally
uged, as approprilate, depending on the desired roll
characteristics.

The coating device 45 can be prepared as a device
- including & coating unit, such as a coater. As the coster,
brdinary céaters including a gravure coater, a wire bar, and
a die can be optionallyruSed, as appropriate, in
consideration of physical properties of the resin
compositioﬁ to be coated, etc. The irradiation device 46 is
" a device for irradiating the resin composition with an
ionizing ray, e.g., an eslectron ray, an ultraviolet ray, a
visible ray, or.a gamma ray. In the illustrated example, a
UV lamp emitting an ultraviolet ray is used as the

irradiation device 46.



IMethod of Manufacturing Optical Film}

One example of a method of manufacturing the optical
film according to the first embodiment of the preseht
technology will be described below with reference te Figs.
10 to 13. Note that, in consideration of productivity, part
or the whole of a manufacturing process described below is
preferably performed in the roll-to-roll manner, as
illustrated in Fig. 10, except for a step of fabricating a
mold {or a die}. '

First, as illustrated in Fig. 11A, a mold {or a die) 21
having the séme cencave-convex shape as that of the

:étrGCtﬁ£és tc, or a moid (oi a die) (replica) having a shape
reversed to the concave-convex shape of the former mold
{die} is formed by, e.g., bite machining or laser machining.
Next, as iilustzated in Pig. 11B, the concave-convex shape
of the mold {(die) 21 is transferred to a resin material in
the form of & film by utilizing, e.g., & fusioﬁ extrusion
process or & transfer process. The transfer process can he
practiced, for example, by a method of pouring an energy-ray
curable resin into a mold and irradiating the poured resin
with an ensrgy ray to cure the resin, or a method of
applying heat and/or pressure to a resin for transferring
thg desired shape to the resin, or a method {laminating
transfer process) of supplying a resin film from a stock

roll and transferring the shape of a die to the resin film



"unﬁer application of heat. Through the above-described
steps, as illustrated in Fig. 11C, the first optical layer 4
having the stfuctures 4c on one principal surface thereof is
formed. |

Further, as illustrated in Fig. 11C, the first optical
laver 4 may bé formed on the first base Za. This case can
be practiced, for example, by a process of supplying the
first base 4a in the form of film from a stock roll, coating
an energy—ray curabkle resin on the first base 4a; pressing
the resin against a die to transfer the shape of the die to
the resin, and irradiating the resin with an energy ray Lo
cure it. freferably, the resin further cohtains,a cross—
iinking ageﬁt. The reason is tbat the cross-linking agent
makesrthe_resin heat-resistant without changing the‘storage
modulus at the room temperature to a large extent.

Next, as illustrated in Fig. 122, the reflecting layer
3 is formed om-the one principal surface of the first
optical layer 4. The reflecting layer 3 can be formed, fox
example, by sputtering, evaporation, CVD {Chemical Vapor
Depcsition), dip cecating, die éoating, wel coating, or spray
ccating.  Preferably, a practical method of forming the
reflecting layer 3 1is optionally'selected from those film
formiﬁg methods depending on the shape of the structure 4c,
etc. Next, a&s illustrated in Fig. 128, the reflecting layer

3 is subjected to annealing as indicated by 3%, when
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necessary. The temperature of the annealing is in the range
of, e.g., 100°C or higher to 250°C or lower.

‘Next, as illustrated in Fig. 12C, a resin 22 in a not-
vet-cured state is coated over the reflecting layer 3. The
resin 22 may be, e.g., an energy-ray curable resin or a
thermosetting resin. The energy-ray curable resin used here
is preferably an ultraviolet~-ray curable resin, Next,. as
illustrated in Fig. 13A, a laminate is formedlﬁy placing the
‘second base 5a over the resin 22. Next, as illustrated in

. Fig. 13B, the resin 22 is cured\bY[applying, e.g., an energf
raj or heat.as indicated_by 3z, while.pfessure'is applied ﬁo
the laminate as indicated by 33. Ixdmples of the energy ray
usable here include an electron ray, an ultraviolet ray, a
visible ray, and a gamma ray. The ultraviclet ray is more
prefeﬁable from the viewpoint of production equipment.
Preferasbly, an integrated irradiation amount is selected, as
appropriate, in consideration of the curing characteristic
of the resin, suppression of yellowing of the resin and the
second base- 5a, etc. The pressure applied to the laminate
is preferably in the range of G.Ql.MPa or higher ﬁo 1 MPa ox
lower. If the applied pressure is lowerrthan 0.01 MPa, a
problem may occur in traveling of the film. On the other
hand, if the applied pressure exceeds 1 MPa, a metal roll is
to be used as the nip roll, and the applied'pxessure is more

apt to fluctuate. Through the above-described steps, as
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illustrated in Fig. 13C, the second cptical layer 5 is
formed on the reflecting layer 3 and the optical £ilm 1 is
obtalned. | |

A method of forming the optical film 1 by using the
manufacturing-apparatus, illustrated in Fig. 10, will be
described in more detail below. First, the second base 5a
is let out from a base supply roll (not shown), and the let-
out second base 5a is guided to pass under the coating
device 45. Next ~-an ilonizing-ray curabze resin 44 is coated'
by the COctlnq device 45 on the second base 5a pa551ng under
the ceatlng dEVlCe 45. Next the second base 5a coated with
the icnizing-ray curaDle resin 44 is conveyed toward the
laminating rolls 41 and 42. On the other hand, the
reflecting-layer affixed optical léyer % ig let out from an
optical layer)supply roll {ﬁot sheown} and is convéyed toward
+he laminating rclls 41 and 4Z.

Next, the second base 5a and.the reflecting-layer
affixed aptiéal layer 9, each having been conveyed as
described above, are sandwiched between the laminating rolls
41 and 42 without allowing bubbles to enter between the
second base 5a and the reflecting-layer affixéd optical
layer 9, whersby the reflecting-layer affixed optical layer
9 is laminated on the second base 5a. Next, the second base
5a including the laminated reflecting-layer affized optical

layer 9 is conveyed along an outer circumferential surface
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of the laminating roll 41 while the irradiation device 46
irradiateé the ionizing~ray curable resin 44 with the
ionizing ray from the side including-the éecond bhase ta,
thereby cﬁring the ionizing—ray curable resin 44. As a
result, the second base 5a and the reflecting-layer affixed
opticalKlayer 9 are affixed to each'other with the ionizing-
ray curables resin 44 interposedrtherebetween, and the
objective optical film 1 having & long size is fabricated.
Nexf},ﬁhe f@bricated‘belt*ghaped optical film 1 is-taken up
by-a take-up roll (not shown) . .Eventually, a stock roll in
the rolled form of the belt-shaped optical film 1 is |
obtained. |

Given that the process temperature in the above-
described proéess of forming the second optical layer 5 is
£°C, the first optical layer 4 in the cured state preferably
has the storage modulus of 3 107 Pa or more at (t — 20)°C.
Herein, the process temperature t is, for example, the
heating temperature of the laminating roll 4%. The first
optical layer 4 is conveyed, for example, in such a state
that the first optical layer 4 is formed on the first base
42 and is‘conveyed along fhe laminating roll 41 with the
first base 4a interposed thersebetween, It is, therefore,
empirically &onfirmad that the actual temperature of the
first optical layer 4 is about (t - 20)°C. Accordingly, by

setting the storage medults of the first cptical layer 4 to
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be 3 x 107 Pa or more at (t - 20} °C, the concave-convex shape
of the interface.inside the optical layer can be prevented
from deforming due to application of heat or hoth of heat
and pressured'

Further, fhe-first optical layver 4 preferably has the
stcrége modulus of 3 x 10° Pa or less at 25°C. With such a
property, the optical film 1 can be given with flexibility
at the room temperature. Hence, the optical film 1 can be
fabricated, for example, by usiné’the rbil—to;foll
manufacturing prccesé;

In cénsideratimn of‘the heat resistance of the resin
used as the optical layer or the base, the process
temperature t is preferably 200°C or lower. However, when a
regin having higher heat resistance 1s used, the process
temperature t can be set to 200°C or higher.

[Setting of Eilﬁ Thickness of Reflecting Layer)

As described above, the redness index wvaluse and the
biueness index value representing the reddish and bluilsh
color tones, respectively, are changed depending on therfilm
thicknesses of lavers in the multilayer film of the
reflecting layer 3. In the embodiment of the present
technology, therefore, the film thicknesses of the layers in
the muitilayer film of the reflecting layer 3 ars set so as
to satisfy the desired conditions of the redness index value

and the blueness index wvalue with the film thicknesses of
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the layers in the multilayer f£ilm being variables.

The film thicknesses of the layers in the multilayer
film to satisfy the desired conditicns of the redness index
value and the blusness index value can be obtained, for
example, through a simulation. More specifically, the £ilm
thicknesses of the layers in the multilayer film to satisfy
the desired condlfloﬁs of the redness index value and the

fblueness lndex vaLue can be set by derevmlnwng respectlve
dlstrlbutlans of the redness index value and the blueness
index value with respect to the film thlcknesses'through a
simulation. |

Tn the simulation, the film thicknesses of the layers
in the multilayér film of the reflecting layer 3 are -
regarded as variables. in more detail, the readness index
vaiue and the blueness index value are each calculated by
regarding, as wvariables, an optical film thickness x.of the
high refractive index layer as the first layer, a
geometrical £ilm thickness z of the metal layer as the
second layer, and an optical film thickness y of the high
refractive index layer as the thirdv&ayer. Herein, the term
"optical film thickness" implies a f£ilm thickness resulting
from multiplying a geometrical film thickness by a
refractive index.

In the embodiment of the present technology, as

illustrated in Fig. 14, a direction perpendicular to a



sloped surface of the structure 4c Zormed in the first
optical layer 4 is defined as the thickness direction of
each layer in the multilayer f£ilm of the reflecting layer 3.
Given that an angle of the sloped surface of the structure
¢ with respect to the principal surface of the first
optical layer 4 is y, there is a relationship of "A = B/cosy”
b@tween a film thickness A in the direction perpendicular to
the priﬂcipal-suxface of the first optical layer 4 and a |
film hhlckness B in the direction pexpendlcular to the

| sloped surface of the structure 4c. For example, when the
angle y of the sloped surface of the structure 4c is. 34°, YA
=~ 1,7B" is resulted.

One example of flow of processing to determine the film
thicknesses that satisfy the desized'conditions of the
redness index %alue and the blueness index value will be
described with reference to a flowchart of Fig. 15. First,

' conditiéns provided in steps S1 to 54 are set to perform the
simulation when the film thicknesses of the layers in the
multilayer film,of the reflecting layer 3 are changed. The
slopé angle of the shape of the muitilayer film is set in
step S1. The film thickness distribution in sach layer of
the multilayer film is set in step S2. The refractive
indexes of the shaped layer (first optical layer 4) and the
empedding layer (second cptical layer 5) are set in step S83.

The optical film thicknesses x and y and the geomettical
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film thickness z are input in step S4.

In step S5, the simulation is performed based on the
conditions set in steps $1 to S4. 1In step 56, the redness
index value or the blueness index value is calculated for
the optical film thicknesses x and y and the geometrical
£i1lm thickness z, which have been set in,step 54 .

In step 87, the optical f£ilm thicknesses x and y are
lchanged to vary the film thicknesses of the cdrresponding
layers. Then, the rednsss index value or the bluéneﬁs index
value at & certain Ffilm thickness of the metal layer is
calculated. In step $8, the geometrical film thickness z is
changed. Then;rthe redness index wvalue or the blueness
index value is calculated by repeating the simulation in
steps S5 to S87.

o In step'SQ, the redness-index.value or the blusness
.index value galculated,iﬁ steﬁ-SG is subjected To three-
dimensional mapping on a three—dimensiegal orthogonal
coordinate system (x-y-zJ. In step 810, a region satisfying
~he desired condition of the redness index value or the
blueness index value and a region not satisfying the desired
condition are separated by plotting boundary values.

Because the mapping pefformed in step 89 provides a setl
of discrete data for each value of z, 3D (th;eemdimensional)
fitting is performed in step SI11. |

In step 512, a boundary between the region gsatisfying
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the desired condition of the fedness index wvalue or the
biueness index vaiue and the reqionAnot satisfying the
desired condition is expressed by a numerical formula based
on data obtained in step 811 after the 3D fitting. For
exanple, pr@é@t@rmined values on the boundary are extracted
and a curved surface approximating te the boundary between
t+he region satisfving the desired condition of the redness
index value or the blueness index value and the region not
satisfying the desired condition is expressed by a numerical
formula based on the extracted values. As a result, the
region satisfying the desired condition of ﬁhe redness index
value cor the blueness index value can be determined.

A geries of processimé steps described above may
include appropriate coordinate transformation and inverse
transformation.

The regiaﬁ satisfying the desired condition of the
redness index value or the blueness index value for the
optical film thicknesses x and y and the geometrical film
thickness z will be described in more detail below.
Preferable ranges of the redness index value and the
blueness index value are first described.

{Preferable Range of Redness Index Value: 0.258 or Smaller)

Pigs. 16A and 168 are plots to explain the combination
of film thicknesses when the redness index value 1s in the

N

preferable range Qith respect to (x, v, ). In Figs. 1léA



and 16B, x represenis the optibal film thickness of the high

refractive index layer as the first layer, y represents the

h

optical film thickness of the high refractive index layer as
the third layer, and z represenis the geometrical filn
thickn@ss‘of the metal layer (2s the second layer). Tﬁis is
gimilarly applied te Figs. 172 to Fig. 21B, which are
referred to in the following description. Fig. 16A
illustrates the simulation result when the reflecting layer
is formed on tﬁe shaped layer such that the redness index
value is held in the preferable range, and Fig. 16B
illustrates the simulation result before the 3D fitting when
the feflecting layer is formed on the shaped layer such that
the redness index wvalue is held in the preferable range. -

A curved surface illustrated in Fig. 16A represents a
set of poiﬁts at which the redness indéx value takes 0.2Z258
for each combination of (%, vy, z;, and it provides'an
interface boundafybbetween the region where the redness
index value is in the preferable range and the region where
‘the redness index value is not in the preferable range.

A region expressed by the following formula (1) is

-derived based on the points that exist on the boundary

illustrated in Fig. 16A!
1/ z—120832 1 fy—12042
z<12.1exp{-5 (%) -3 (&) o

Thus, the region expressed by the formula (1) provides



the‘r@gion where the redness index value is in the
preferablé range for.the combination Qf £film thicknesses (X,
v, z} of the_;eflecting layeﬁ.
{Preferable ﬁanqe of Blueness Tndex Value: 0.210 or Smaller)
Figs. 17A and 17B are plots to explain the combination
of film thicknesses when the blueness index value is in the
preferable range with respect te (%, y, z}. Fig. 174
illustrates the simulation-result whenithe reflecting layer
is formed on the shapad layer such that the blueness index
value is heid in the preferable range, and Fig. 17B
illustrates the simulation result before the 3D fitting when
the reflecting layer is formed on the shaped laver such thaf
the blueness index value is held in the préferable range.
Here, the simglation for the blueness index value is
perforﬁed by using (X, Y, 2) obtained through appropriate
coordinate transformation H made on (x, y; z}. Given that
the coordinate traﬁsformation is symbolically expressed by H,
(¥, ¥, 2} = H(x, y, =z} is held. ¥igs. 17A and 17B
illustrate the simulation result in terms of (X, Y, Z}.
This is similarly applied to'Figs. 19A and 198 and Figs. 21A
and 21iB, which are referred to in the following description.
guch coordinate transformation is performed for the purpose
of easier comparison with the simulation result for the
redness index value, and i1s not important to the concept of

the present technology. For that reason, details of the
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coordinate transformation H are not described here.

A curved surface illustrated in Fig. 172 représents a
set of points at which the blueness index value takes 0.210
for sach combination of (¥, ¥, 2), and 1t provides an
interface boundary between the region where thie blueness
index value is. in the preferable range and the region where
the blueness indéx value is not in the preferable range.

A region expressed by the following formula (2) in
terms of (%, vy, z) is derived based on the points, which
exist on the boundary illustrated in Fig. 17A,‘through the

inverse tranaformation H™ made on (X, Y, 2):

2 < 12.2exp{-L (Z2)" 1 (O'mgﬁi‘”‘)f} @)

Thus, the region expressed by the formula {2) provides
the region where the blueness index value ig in the
preferable range for the combination of film thicknesses (x,
v, z} of the reflecting layer.

Next, more preferable ranges of the redness index value
and the blueness index values are described.
{More Preferable Raﬁge of Redness Index Value: 0.2530 or
Smaller)

Figs. 1BA and 18B are plots to explain the combination
of film thicknesses when the redness index value is in the
more preferable range with respect te (%, y, z). Fig. 18a

illustrates the simulation result when the reflecting layer

- 78 -



is formed on the shaped layer such that the redness index
value is held in the more preferable range, and Fig. 18B
illustrates the simulation result before the 3D fitting when
the reflecting.layer is formed on the shaped layer such that
the redness index value 1is held in the more preferable range.

A curved surface illustrated in Fig. 18A represents a
set of points at which the redness index value takes 0.250
for each combination of (%, v, z}, and it provides an
interface boundary between the region where the redness
index value is in the more preferable range and the region
where the redness index value is not in the more preferable
range.

A region expressed by the following formula (3} is
derived based on the points that exist on the boundary
illusirated in Fig. 1BA:

, ' 2 — 2
z < 12.1exp{-5 (5759) -3 (Yorsz) 1@

Thus, the region expressed by the formula (3) provides
the region where the redness index value is in the more
preferable range for the combination of film thicknesses (x,
v, z} of the reflecting layer.

{More Preferable Range of Blueness Index Value: 0.200 or
Smalier)
Figs. 194 and 19B are plots to explain the combination

of film thicknesses when the bhlueness index value 1s 1n the

- B0 -



more preferable range with reﬁpébt to (x, y, z). Fig. 192
i1lustrates the simulation result when the reflecting layer
is formed on the shaped layer such that the blueness index
value is held in the more preferable range, and Fig. 18B
illustrates the simulation result before thé 30 fitting when
the reflecting layer is formed on the shaped layer suéh that
the bluenegs index value is held in the more preferable
range.

A curved surface illustrated in Fig. 18A represents a
set of points at which the blueness index value takes 0.200
for sach combination of (X, ¥, Z), and it provides an
interface boundary between the region where the blueness
‘index value is in the more preferable range and the region
where the blueness index valug is not in the more preferable
range. |

A region expressed by the following formula (4) in
terms of (x, y, z) is derived based on the points, which
exist on the boundary illustrated in Fig. 194, through the

inverse transformation H™' made on (X, Y, 2):

2
z < 11.8exp{-; (&) -3 ( 5756 ) pooe@

Thus, the region expressed by the formula (4) provides
the region where the blusness index wvalue is in the more
preferable range for the combination of film thicknesses (x,

v, z) of the reflecting layer.
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Next, ésp@cially preferable ranges of the redness index
value and the blueness index valué are described.
(Especially Preferable Range of Redness Index Value: 0.200
cr Smaller)

‘Figs. Z20A and 20B are plots to explain the comblinatien
of film thicknesses when the redness index value is in the
especially preferable range with respect to (%, y, z). Fig..
20A illustrates the simulation result when the réeflecting
laver is formed on the shaped laver such that the redness
index value is held in the esgpecially preferable range, and
Fig. 20B iliustrates the simulation result before the 3D
£itting when the reflecting layer is férmed on the shaped
layef such that the r@dneés index value is held in the
especially preferable range.

A4 curved surface illustrated in Fig. Z20A represents a
set of points at which the redness index value takes (.200
for each combination of (x, v, 2z}, and it provides an
interface boundary between the region where the redness
index value is in the egpecially preferable range and the
region where the redness index value is not in the
especially preferable range.

A region expressed by the following formula (5) is
derived based on the points that exist on the boundary

iliustrated in Fig. 20A:
. 1 /x—120\2 1 ¢ y—120\%y (g
z < 9'705Xp{“2 (147.139) ) (121.942) }
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Thus, the region expressed by the formula (5] provides
the region where the redness index value is in the |
especially preferable range for the combination of £ilm
thicknessss (%, vy, z) of the‘reflecting layer.

(Especially Preferable Range of Blueness Index Value: 0.170
or Smaller)

Figs. 21A and 21B are plots to explain the combination
of film thicknesses when the blueness index value is in the
especially preferable range with respect to (%, v, z). Fig.
21E illustrates the simulation result when the reflecting
layer is formed on the shaped layer such that the blueness
index value is helid in the especially preferable raﬁge, and
Fig. ZIB‘illustrates the simulation result before the 3D
fitting when the reflecting layer is formed on the shaped
layer such that the blueness index value is held in the
especially preferable range.

A curved surface illustrated in Fig. 214 represents a
.set of points at which the blueness index value takes 0.170
feor each combination of (X, ¥, Z), and it provides an
interface boundary betwsen the reglon wherse £he blueness
index value is in the especially preferable range and the
region where the blueness index value is not in the
especially preferable range.

A reglon expressed by the following formula (6) in

terms of (%, v, z) is derived based on the points, which
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exist on the boundary illustrated in Fig. 21A, through the

inverse transformation H™* made on (X, Y, Z):

| | o, .
0.7(x—y)+5 0.7{ 4] 110
2 < 9.72exp{-; (_{3%"6%)"““) "3 ("—%) proe®

Thus, the region expressed by the formula (6) provides
the x@gion where the blueness index value is in the
espédiélly'preferable range for the combination of film
thicknesses (%, y, z) of the refliecting 1afer.

__iﬁ short, by setting the optical film thickness x of
the high refractive index layer‘as the first laver, the
optical film thickness y of the high refractive index layer
as the third layer, and the g@om@triéal film thickness z of
the metal layer so as fTo fzll within one of ﬁhé regions
described above, the multilayer film.sétisfying the desired
condition of the redness index wvalue or the blueness index
value caﬁ be formed.

Generally, a blue-bzsed color tone of the reflected
light provides a cool (or refreshing) feeling, and hence
constraint conditions imposéd on the blue-based color tone
in design is relatively moderate. ©n the other hand, a red-
baSedlcolor tone cof the reflected light provides an
impression disturbing harmony in color with resgpect to the
surroundings, and hence congtraint conditions imposed on the
red-based color tone in design tend to be relatively severe.

While the above description is made in connection with



the case of deriving the region that satisfies the deéiied
condition of the redness index value or the blueness index
value, it is also possible to derive the region satisfying
the desired condition of the redness index value and the
regionAsatisfying the desired conditién of the bluéness
index wvalue, and to set a region satisfying both of thoée
two conditioﬁs. By setting such & region, an optical body
providing the reflected light in a neutral color tone can be
designed.

{Design of Optical Body Providing Reflected Light in Neutral
Color Tone)

The optical body prowviding the reflectéd light in the
neutral cclor tone can be obtained by calculating the region
satisfving the desired condition of the redness index value
and the region satisfying the deéixed condition of the
blueness index value, and taking a ptoduct set of both the
regions. Stated another way, that type of optical body can
be obtained by deriving a region where (x, vy, z) satisfies

\thevfollowing formula (1) and the following formula (2):
1 /o—=120Y2 1 (y—120Y2y .
2 <121expl-5 (357) -3 (b)) 1

2
1 -y N2 1 0.70(z+y)—120
z < 12.2exp{-3 (6?2.7?1) "5 ( 90 41 ) po@

As a matter of course, a reglilon where (%, vy, Z)

satisfies the following formula {3) and the following
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formula (4) instead of the combination of the formulae (13

and (2) may be derived:

z < 12 1exp{ (%%%g)zw% (%ﬁ%)?} e (3)

2 1 [0.70(z+y)—110\ %y ...
z < M. SeXp{ (5% -3 ( 57 55 ) proe@

Rlternatively, a region where (x, y, z) satisfies the
- following formula (5) and the following formula (6) may be

derived:

' =120 \2
<97O€XP{ (m 11%09} <121192402) } e

2
— 0.7
s <9mep(4 (VEHE) -4 (SUEUAR) ) @

In addition to the above-described examples, a region
.where (x, y, 2) gatisfies one of the formulae (1), (3} and
{5)-and one of the formulae (2}, {4} and {(6) may be derived.
According to the first embodiment, the change i1n color
tone can be suppressed by determining the region(s)
satisfying the desired conditions of the redness index value
and the blueness index wvalue for the optical film thickness
%x of the high refractive index layer as the first layer, the
thical f£ilm thickness y of the high refractive index layer
as the third layer, and the gecmetrical film thickness z of
the metal layer, and by setting tlie film thickness of the

reflecting layer 3 such that the optical film thickness x of



the high refractive index layer as the first layer, the
optical film thickness y of the high refractive index layer
as the third layer, and the geometrical film thickness z of
the metal layer fall within the determined region(é}.
<Modifigations>

Modifications of the first embodiment will be described
bélow.

[First Modification]

Fig. 22A is a sectional view illustrating a first
modification of the first embodiment of the present
technology. . As illustrated in Fig. 223, an optical film 1
according to the first modificatioa has an incident surface
51 in a concave-convex shape. The concave-convex shape of
the incident surface 31 and the concave-convex shape of the
first cptical layer 4 are formed, for example, such that
both the concave-convex shapes correspond to each cther,
namely such that positions of apex portions of convexes and
pesitions of bottom portions of concaves are aligned between
both the concave-convex shapes. The concave-convex shape of
the incident surface 81 ig preferably gentler than that of
the first cptical laver 4.

[Second Modification]

Fig. 22B is a sectional wview illustrating a second

modification of the first enbodiment of the present

technology. As illustrated in Fig. 22B, an optical film 1
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according to the second modification is formed such that
apex poﬁtions_of convexes in the congave;convex shape of the
first optical layer 4, on which the reflecting layer 3 is
formed, are substantially flush with the incident surface S1
. c6f the second optical layer 5.

<2. Second Embodiment>

Figs. 234 to 26B illustrats examples of configuration
of optical films according to a second embodimerit of the
present technology.' In the sscond embodiment, components
corresponding ﬁo those in the first embodiment are dencted
by the same symbols. The éecand embodiment differs from the
first'embodimeﬁt,in that structures 4c are twoe-dimensicnally
arrayed on one—prin&ipal'surfage cf the first optical layer
4. 'The two-dimensional array 1s preferably a two-
dimensional array in a closest-packed state. Such aﬁ array
can increase the directional reflectance.

As illustrated in Figs. 23A and Z23B, for exampie{
pillar-like structures {(pillars) 4c are formed cn the one
principal surface of the first optical layer 4 in an
ortheogenal array. In more detail, first structures 4c
arrayed side by side in a first directicn and second
structurés 4c arpayed side by side in a second direction
perpendicular to the first direction are formed such that
the first and second structures intersect while transversely

penetrating through each other in a cruciform pattern. The



piliar-like structures 4c are each a convex or a concave
having, e.g., a pillar-like shape, such as a prism;like
shape (Fig. 23A) or a lenticular shape (Fig. 23B}, or a
shape obtained by modifying an apex porticn of the pillar-
like shape into a polygonal shape (e.g., a pentagonal shape)
(FPig. Z23C). | | |

Further, a close-packed array{ such as a quadrangular
closé—packed 3rray, a delta clase-packed array, or a
hexagonal close-packed array, may be formed by two-
dimensicnally arfaying the structures 4c, each having, e.g.,
a spherical shape or a corner cube shape, on the one
principal surface of the first optical layer 4 in a closest-
packed state. In the guadrangular close-packed array, as
illustrated in Figs. 48 to 24C, for example, the structures
4c each having a rectangular (e.g., square) bottom surface
are arrayed in a guadrangular closest-packed state, i.e., a
ﬁatrix {lattice) pattern. In the hexagonal close-packed
array, as illustrated in Figs. 254 to 25C, for examﬁle, the
structures 4c each having a hexagonal bottom surface are
arraved in a hexagonal closest—packed state. In the delta
closeépackedlarray, as illustrated in Figs. 26A and 26B, Zor
example, the structures 4c {e.g., triangular pyramids) each
having a trianguiar bottom surface are arrayéd in a closest-
packed state.

The structure 4c is a convex or a concave having, e.d.,
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a corner-cube, semispherical, semi-ellipscoidal, prism-like,
cvlindrical, free-form, polygonal, conical, pyramidal,
frusto-conical, or parabolic shape. The bottom surface of
the structure 4c is, e.g., circular, elliptic, or polygenal,
such as triangular, r@cfangular,,hexagonal, or octagonal.
Pitches Pi and P2 of thé structures 4c are preferably
selected, as appropriate, depending on the desired optical
characteristics. When the principal axis of the structure
4z ig inclined with respect to a line perpendicular to the.
incident surface of the optical £iim 1, the principal axis
of the structure 4c is preferably inclined in at least one
of two directions in which the structures 4c are twoe-
dimensionally arrayed. Further, when tﬁe cptical f£ilm 1 is
affixed to a window member that is arranged subétantially
vertically to the ground, the principal axisg of the
~structure 4c is preferably inclined downward of the window
meﬁber {i.e., toward the ground side) with respect to a line
perpendicular to the window member. |
In the case of the structure 4c having the corner cube
shape, when a ridgeline has a large curvature radius R, the
structure 4c is preferably inclined toward the sky, i.e.,
upward. On the other hand, for the purpose of suppressing
the downward reflection, the structure 4c is preferably
inclined toward the'gxqund gide. Because the sunlight is

obliquely incident on the optical f£ilm, the light is hard to



reach the innermost of the structure, and the shape of the
optical f£ilm on the incident side 1s important. Stated
ancther way, when the ridgeline has the large curvature
rddius R, the amount of retroreflected light is reduced.
Such a reduction in the amount of retrorefl@ctéd light can
be suppressed by inclining the structure 4c¢ toward the sky.
Further, in the case of the corner cube shape, the incident
iight is usually retroreflected after being reflected by the
reflecting surface three times. Ho&evex, some part of the
incident light is leaked to directions other than the
retrorefiection directicn after being reflected twice. The
leaked light can be returned in a larger amount toward the
sky by inclining the cornér cube toward the ground side.
Thus, the structure 4c may be inclined in any desifed
direction depending on the shape of the structure 4c and the
purpose of the optical film.
<3. Third Embodiment>

Fig. 27A is a sectional view illustrating one example
of construction of an optical film according to a thiid
embodiment of the present technology. In the third
embodinent, the same components as those in the first
enrbodiment are denoted by the same symbols and description
of those components is omitted here. The third embodiment
differs from the first embodiment in that a plurality of

individual reflecting lavers 3 inclined with respect to ths



light incident surface are formed in the optical layer 2 and
are arranged parallel to each cther.

Fig. 27B is a perspective view i1llustrating one example
of configuration of structures 4c formed in the optical
‘layer of the optical film according to the third embodiment
of the present technoclogy. The structures 4c are each in
the fofm of a triangular pillar~like convex extending in one
direction, and the pillar-like structures 4c are arrayed
side by side in ong direction, i.é., in a one-dimensional
pattern. A cross-section of the structure 4c in a direction
perpendicular to the extending direction of the structure 4c
has, e.g., a right-angled triangular shape. The reflecting
iaver 3 is formed on a .sloped surface of the structure 4c,
which.is inclined at an acute angle, by a thin-film ferming

-process that has directionality, such as vapor deposition or
hsputtéfiné.: “ | o ‘

According to the third émbodimEﬂt, the individual
reflecting layers 3 are arranged parallel to each other in
the optical layer 2. Therefore, the number of reflections
by the reflecting layer 3 can be reduced in comparison with
the case where the structure 4c is formed in the corner cube
shape or the prism-like shape. It is hence possible to
increase the reflectance and to reduce the amount of light
absgsorbed by the reflecting laysr 3.

<4, Fourth Embodiment>



A fourth embodiment differs from the first embodiment
in that an optical film 1 according to the former
directionally reflects light in a specific wavelength band,
while scattering light other than the specific wavelength
band.  The optical film 1 according to the fourth embodiment
.includes a light scatterer for scattering the incident light.
The light scatterer is disposed, for example, in at least
one of positions on the surface of the opticéi laver 2,
inside the optical laver 2, and between the reflecting laver
3 and the optical ia?er 2. Preferably, the light scatterér
ig disposed in at leaét one of positions between the
reflecting layver 3 and the first optical layer 4, inside the
first optical laver 4, and on the surface of the first
optical layer 4. When the optical film 1 is affixed to a
support such as a window member, it can be affixed to one of
the indoer side and the Qﬁtdoor side of the support. When
“the optiéal film 1 is affixed to the outdoor side, the light
scatterer for scattering the light other than the specific
wavelength bénd is preferably disposed only between the
reflecting layer 3 and the éupport such 28 the window member.
The reason is that if the light scatterer is present between
the reflecting layer 3 and the incident'surface, the
directional reflection characteristic i1s lost. Also, when
the optical film 1 is affixed to the indoor side, the light

scatterer is preferably dispesed between the emergent
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surface on the side copposite to the affixed surface of the
optical film 1 and the reflecting layer 3.

Fig. 28A is a sectional viéw illustraﬁing a first
example of construction of the ﬁptical £ilm 1 according to
the fourth embodiment ¢f the present technology. As
illustrated in Fig. Z28A, the first optical laver 4 ihcludes
a resin aﬁd fine particles 11. The fine particles 11 have z
refractive index differing from that of the resin, which 1is
a main component material of the first optical layer 4. For
example, at least cone kind of organic fine particles and
inorganic fine particles can be used as the fine particles
11. The fine particles 11 may be hollow fine particles.
Examples of the fine particles 11 include inorganic fine
particles made of, e.g., silica or alumina, and organic fine
particleé made of, e.g., styrene, acryl, or a copolymer of
" .the formefs; Among thoze examples, silica fine particies
are particularly preferable.

Fig.'28B is a sectional view illustrating a second
example of construction of the optical £ilm 1 according to
the fourth embodiment of the present technclogy. As
illustrated in Fig. 288, the optical f£ilm 1 further includes
a light diffusion layer 12 on the surface cf the first
optical layer 4. The light diffusion layer 12 includes, for
example, a resin and fine particles. The fine particles can

be made of the same materials as those used in the above-



described first example.

Fig. 28C is a sectional view illustrating a third
example of construction of the optical‘film 1 according to
the fourth embodiment of the present technology. BAs
illustrated in Fig. 28C, the optical film 1 further includes
a light diffusion layer 12 between the reflecting laver 3
and the first optical layer 4. The light diffusion layer 12
includes, for example, a resin and fine particles. The fine
particles can be made of the same materials ag those used in
the asbove-described first example.

Bcecording to the fourth embodiment, it is possible to
directionally reflect the light in the specific wavelength
band, e.g., an infrared ray, and to scatter the light other
than the specific waveleﬁgth band, e.qg., wvisible light.
Hence, a visually attractive design can ke given to the
optical film 1 by making the optical film 1 clouded.
<5. ¥ifth Embodiment>

Fig. 292 is a sectional view illustrating one example
of construction of an optical f£ilm 1 according to a f£ifth
~empodiment of.the present technology. In the [ifth
émbodiment, the same components as to those in the first
embodiment are dencted by the same éymbols and descripticon
of those components is omitted here. The optical £ilm 1
according to the fifth embodiment differs from the first

embodiment in that, as iliustrated in Fig. 28A, a concave-—
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convex surface of an optical layer Za is not embedded with a
resin material and the reflecting laver 3 formed on the
concave~convex surface cof the opticaz 1ayer Za 1s exposed.
The opticel film 1 has a concave-convex incident surface S1
on whiech light, e.g., the sunlight, is incident, and an
emergant $urface-52 from which part of the incident light
entering the incident surface Sl emerges after having passed
through the optical film 1.

The optical £ilm 1 may further inelude a base 2b, when
necessary, on the emefgent surface 52 of the optical layer
2a. The optical film 1 may further include an affixing
layer 6 and a peel—off layex 7, when necessary, on the
emergent surface S2 of the optical layer Z2a or on the base
Zh. fhe optical layer 2a and the base Zb can be made of
similar materials to those of the first optical layer 4 and
the first base 4a in the first embodiment described above.

Fig. 29B is a sectional view illustrating an example in
which the optical £ilm according to the fifth embodiment of
the present technology is affixed to an adherend 1Ca. As
'illustrated in Fig. 29B, the emergent.surface 82 of the
optical‘filﬁ 1 is affixed, for example, to the adherend 10a
with the affiwing laver € interpcsed therebetween. The
adherent 10a is preferzbly, &.9., a window member, a window
blind (shade), & rolling screen, or a pleated scr&en..

According to the fifth embodiment, since the incident



surface 8§81 ig provided by the concave-convex surface of the
optical layer 2a on which the reflecting layer 3 is formed,
part of the incident light is scattered by the incident
surface 51, while part of the not-scattered light passes
through the optical film 1. It is therefore possible to
provide the optical film 1, which can make people feel
brightness with the incident light passing through the
opﬁical film, but which is opague. The optical film 1
having such a characteristic canr be suitably applied to an
inter;or member, an exterior mempoer, and a sdlar shading
member, such as the window member, the window blind, the
rolling screen, or the pleated screen, when protecticn of
privacy i1s hecessary.
<6. S5ixth Embodiment>

Fig. 30 is a sectional view illustrating one example of
construction of an optical film 1 according to a sixth
:emquimgnt:Qiﬁﬁhe‘?;eﬁenﬁ téchnblogyl The sixtﬁ'embodiment
differs from thé.firét embédiménﬁ in tﬁat the former further
includes a self-cleaning effect layer 51, which develops a
cleaning effec£ in itself, on an exposed surface of the
optical film 1 on. the opposite side to one of the incident
surface S1 and the emergent surface 82 thereof, which one is
affixed to the adnerend. The self-cleaning effect layer 51
includes, for example, a photocatalyst. For example, TiO;

can be used as the photocatalyst.



As described above, the optidai film 1 is featured in
transmitting part of the incident light therethrough. When
the optical film 1 is used outdoors or in a dirty room, for
example, ligﬁt is scattered due to dirt and dust adhering to
the surface of the optical film 1, whereby transmissivity
and reflectivity are lost. Therefore, the surface of the
optical film 1 is preferably optically transparent at all
tiﬁesk In other words, it is preferable that the surface of
the optical film 1 is superior in the water-repellent or
nydrophilic property, for example, and it can automatically
develop the éelf—cleaning effect.

According to the sixth embodiment, since the optical
fiim 1 includes the self-cleaning effect layer 51, the
waterfrepeilent‘o: hydrophilic property, for axamplie, can be

givéﬁ +o.the incident surface. Hence, it is possible to

suppress dirt and dust from adhering to the incident surface -

and ‘to suppresé degradation of the directional reflection
characteristic;l
<7. Beventh Embodiment>

While the first embodiment has been described above, by
way of example, in ceonnection with case of applying the
present technology to, e.g., the window member, embodiments
cf the present technology are not limited to the above-
described appiicatioh and can be further applied to wvariocus

interior and extericr members, etc. other than the window



member. Stated another way, the optical film according to
the embodiment of the present technology is applicable to
not only fixedly installed interior and exterior members,
such as walls and roofs, but alsc te a device capable of
adijusting an amount of the tfansmitted and/or reflected
sunlight by‘moving an interior or external member depending
on changes in amcunt of the sunlight, which are caused with
the ghift of seasons and the elapse of time, etc., and
taking the adjusted amount of the sunliight into an indoor
space, etc. In a sevénth embodiment, one example of such a
device is described in connection with a solar shading
device (in the férm of a window blind or a shade} capable of
adjusting a degree at which a group made up of plural sclar
shading members cuts.off the incident light, by changing an
éngle of the solar shading member group.

‘ Fig. 31 is =a péfsp@ctive view illustrating one example
of construétidn of a window blind (shéde)'201 according to
the seventh embodiment of the present technology. As
_illustrated in Fig. 31, the window blind 201 as one example
of the solar.shading device includes & head box 203, a slat
. group {solar shading member group) 202 made up of plural
slats (blades) 202z, and a bottom rail 204. The head box
203 is disposed above the slat grqupizaé made up of the |
plural slats 202a. Ladder chords 206 and rise-and-fall. .

chords 205 are extended downward from the head box 2033, and

o



the bottom rail 204 is suspended at lower ends of those
chords. The slats 202a serving as the sclar shading members
are each formed in a slender rectangular shape, for exzample,
and are supported by the ladder chords 206, which are
extended downward from the head box 203, at predetermined
intervals in a suspended state. Further, the head box 203
is provided with an operatiﬁg member (not shown), such as a
rod, for adjusting an angle of the slat group 202 made up of
the plural slats Z0Za.

‘The head box 20375erves ag a driving unit for rotating
the slat group 202 made up of the plural slats 202a in
accordance with operation of the operating member, such as
the rod, thereby adjusting the amount of light taken intc an
indoor space, for eigmplefurFu;ther, the-head be.203 hasg
the function o¢f a driﬁing uﬁii {raising‘an& iowering uni%ﬁr
for raising and lowering the slat group 202, as appropriate,
in accordance with operation of an o§erating mémber;,e.g., a
rise-and-fall operating chord 207.

Fig. 32A is 2 secticnal view illustrating a firat
example of construction of the slat 20z2a. As iilustrated in
Fig. 322, the slat 202a includes a base 211 and an coptical
film 1. The optical film 1 is preferably dispesed on one of
two principal surfaces of the 5ase 211, the one principal
surface being peositioned on the side including an incident

surface on which extraneous light is incident when the slat
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group 202 is in a closed state {(e.g., on the side facing the
window member). The optical film 1 and the bkase 211 are
affixed to each other with an affixing layer, e.g., a
bonding layer or an adhesive layer, interposed bétween them.

The base 211 can be formed in the shape of, e.g., a
sheet, a £ilm, or a plate. The base 211 can be made of,
e.g., glass, resin, paper, cr cloth. In consideration of
the case of taking visible light into a predetermined indoor
space, for example, a resin having transparency is
preferably used as the material of the base 211. The glass,
the resin, the paper, or the cloth used here may be the same
2% that generally used in ordinary rolling screens. The
optical film 1 used here may be one type or a combination of
LwWo éx more types of the optical“film$ 1 according to the
aﬁovewdesc:ib@d;first to sixth embodimenté,

Fig. 32B 1s a sectional view illustrating a second
exémple.of construction of the sliat 202a; In the second
example, as illustrated in Fig. 32ZB, the optical film 1 is
used itself as the slat 20Za. In this case, the optical
film 1 preferably has such z level of rigidity that the
optical film 1 can be supported by the ladder chords 206 and
can maintain its shape in a supported state.
<8. Eighth Embodiment>

An eighth embodiment will be described below in

connection with a rolling screen device, i.e., another
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example cof the solar shading device capable of adjusting a
degree at which a solar shading member cuts off the incident
light, by winding or unwinding the sclar shading member.

Fig. 3324 is a perspective view illustrating one example
of construction of a relling screen device 301 according to
the eighth embodiment of the present technology. As
illustrated in Fig.'BSA, the rolling screen device 301 as
another sxample of the solar shading device includes a
screen 302, a head box 303, and a core member 304. The head
box 303 can raise and fall the screen 302 with operation of
an operating member, such &5 a chain 305. The head box 303
includes therein a winding shaft for taking up and letting
out the Screen 302, and one end of the screen 302 is coupled
to the winding éhaft. Further, Tthe core member 304.is
coupled to the other end of the screen 302. - Preferably, the
screen 302 has flexibility. Thé.shape of the screen 302 is
not limited to particular ome and is preferably selected
depending on the shape of, e.g., a window member To which
the rolling screen device 301 is applied. For example, the
screen 302 has a rectangular shape.

Fig. 33B is a sectiocnal view, taken along line XXXIIIB~
XXXEIIE in Fig. 33A, illﬁstrating one example of
construction of the screen 302. As iilustrated in Fig. 33B,
the screen 302 includes a base 311 and an optical fiim 1,

The screen 302 preferably has flexibility. The optical film
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1 is preferably disposed con one of two principal surfaces of
the base 311, the one principal surface bein§ positioned on
the side including an incident surface on which extraneous
light is incident {e.g., on the side facing the window -
member). The optical film 1 and the base 311 are affixzed to
each other with an affixing layer, & bonding layer cor an
adhesive layer, interposed between them. Note that the
construction of the screen 302 is not limited to the
illustrated example and the optical film 1 may be used
itself as the screen 302.

The base 311 can be formed in the shape of, e.g., &
sheet, a film, or a plate. The base 311 can be made of,
e.g., glass, resin, paper, or cloth. 1In consideraticn of
*he case of taking visible light into a predetermined indoor
space, for example, a resin hé%ing trangparency is
preferably used as the material of the base 311. The glass,
the résin; the paper, oz the cloth used here may be the same
as that generally used in ordinary rolling screens. The
optical film 1 used here méy be one tvpe or arcombination of
two or more types of the optical films 1 according to the
above-described first to sixth embodiments.
<9. Ninth Embodiment>

4 ninth embodiment will be described in connection with
the case of applying the present technology to a fitting

(e.g., an interior or exterior member) that includes a
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lighting portion provided with an optical bO&? having the
directional reflective property.

Fig. 34A is a perspective view iilustrating ong example
of construction ¢f a fitting 401 according te the ninth
empodiment of the present technology. As illustrated in Fig.
342, the fitting 401 includes a lighting portion 404
provided with an optical body 402. More specifically, the
fitting 401 includes the optical body 402 and a frame memberL
403 that is disposed in a peripheral portion of'the optical
‘body 402; The optical body 402 is fixedly held by the frame
member 403, but the optical body 402 can be reﬁoved, when
necessary, by disassembling the frame member 403. While one
examplé of the.fitting‘401 is a shoji (i-e., a paper-made
anﬁ/or glass—-fitted sliding door}, applications‘of the
present tecﬁnology are not limiﬁed to such an example and
embo&iménts of tﬁe present techﬁology can be applied to
various types of fittings that include lighting porticns.

Fig. 34B ig a sectional view illustrating one example
of ccnstruction of the optical body 402. Rﬁ.illustrated in
Fig. 34B, the optical pody 402 includes a base 411 and an
optical film 1. The optical film 1 is disposed on one of
two principal surfaces of the base 411, the one principal
surface being positicned on the side inclﬁding an incident
surface on which extraneous light is incident (e.g., on the

side facing the window member or outward). The opticsl film



1 and the base 411 are affixed to each cther with an
affixing layer, e.g., a.bonding layer or an adhesive layer,
interposed between them. Nolte that the construction of the
shoji (specifically the optical body 402) is not limited to
the illustrated example and the optical film 1 may be used
itself as the optical body 402.

The base 411 is formed of, e.g., a sheet, a film, or a
plate each having flexibility. The base 411 can be made of,
e.g., glass, resin, paper, or cloth. In consideration of
the case of taking visible light intc a predetermined indoor
space, for example, a resin having transparency is
preferably used as the material of the base 411. The glass,
the resin, the paper, or the cloth used here may be the same
as that generally used as optical bodies in ordinary
fittings. The optical film 1 used here may‘b@ one type or a
combination of twe or more types of the opﬁical films 1
according tc the above~déscribed first to sixth embodiments.
[ EXAMPLES ]

‘ .The present technology will be described in more detail
below in connection with E¥XAMPLES, but the present
technoiogj is not limited to the following EXAMPLES.
[Simulation]

In EXAMPLES described below, optical characteristics of
multilaver films were determined through a simulation when

the film thicknesses of the layers in the multilayer film of



the reflecting layer 3 were changsd. The simulation was
performéd on multilayer films, mentioned in the following
TEST EXAMPLES 1-1 to 1~5, by using the cptical simulation
software (Light Tools) available from ORA (Optical Research
Associates). In the simulation, an optical film thickness
was used as the f£ilm thickness of each of the high
refractive index layers as the first and third layers.
Respéctive values of the blueness index, the redness index,
the transmittance of visible light, and the shading factor
were determined whén'the optical film thickness x of the
high refractive index layer as the first layer, the optical
film thickness‘y of the high refractive index lay@f 235 the
third léyer, and the geometrical film thickness z of the
metal laver wererchanged.

(TEST EXAMPLE 1-1)

A multilayer film was assumed-which had a three~layer
structure obtained by stacking a high refractive index layer
and a metal layer. Details of construction of the
multilayer film are as follows:

Layer structure: high refractive index layer / metal layer
/- high refractive index layer
High refractive index layer:
Material: GAZC
Refractive index: 1.936

Geometrical film thickness of first layer: 10 nm
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Geometrical £ilm thickness Of‘third layer: 20 nm
Metal layer:

Material: AgNdCu

Refractive index: 0.164

Geometrical film thickness: 7 nm
(TEST EXAMPLE 1-2)

A multilayef film was assumed as in TEST EXAMPLE 1-1
except for changing tﬁe film thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical f£ilm thickness of the metal layer, and the
.gecmetrical f£ilm thickness of the higb refractive index
layer as the third layer were 25 nm, 7 nm, and 15 nm,
respectively.

(TEST EXAMPLE 2-1)

| B multilayer film was assumed as in TEST EXAMPLE 1-~1
except for changing the film thicknesses of the layers in
the multilayer f£iim such that the ggometrical film thickness
of the high refractive index layer as‘the firgt lavyer, the
geometrical film thickness of the metal layer, and the
geometrical film thickness of the high refractive index
layer as the third layer were 45 nm, ¢ nm, and 45 nm,
respectively.

{(TEST BEXAMPLE 2-2)

A multilayer film was assumed as in TEST EXAMPLE 1-1
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except for changing the film thicknesses of the lavers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical film thickness of the metal layer, and the
geometrical film thickness of the high refractive index
layer as the third layer were 15 nm, 9 nm, and 35 nm,
respectively.

{TEST EXAMPLE 3-1)

A multilayer film was assumed as in TEST EXAMPLE 1-1
except for changing the £ilm thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical film thickness of the.metal layer, and the
geometrical film thickness of the high refractive index
layer'as the third layer were 40 nm, 10 nm, and 40 nm,
respectively.

HTEST EXAMPLE 3-2)

A multilayer film was assumed as in TEST EXAMPLE 1-1
except for changing the film thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the fixst layer, the
geometrical f£ilm thickness of the metal 1ayer,.and the
geometrical film thickness of the high refractive index
layer as the third layer were 31 nm, 10 nm, and 29 nmn,

raspectively.

- 108 -



(TEST EXAMPLE 3~3)

A multilayer film was assumed as in TEST EXAMPLE 1-1
except for changing the f£ilm thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical film thickness of the metal layer, and the
geometrical film thickness of the high refractive index
layer as the third layer were 45 nm, 10 nm, and 4% nm,
resgpectively.

{TEST EXAMPLE 4-1)

2 multilayer film was assumed as in TEST EXAMPLE 1-1
except for changing the £ilm thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical film thickness of the metal laver, and the
geometrical f£ilm thickness of the high refractive index
layer as the third layer were 45 nm, 11 nm, and 50 nm,
‘respectivelyL
{TEST EXAMPLE 4-2)

A multilayer £ilm was assumed as in TEST EXAMPLE 1-1
except for changing the film thiqknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the firét layer, the
geometrical f£ilm thickness of the metal layer, and the

geometrical film thickness of the high refractive index
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layer as the third layer were 31 nm, 11 nﬁ, and 27 nm,
respectively.
{TEST EXAMPLE 5-1)

A multilaver film was assumed as in TEST EXAMPLE 1-1
except for changing the f£ilm thicknesses of the layers in
the muitilayer film such that the geometrical film thickness
of the high fefractive index layer as the first layer, the
geomeétrical film thickness of the metal layer, and the
geémetrical filwm thickness of the high refractive index
layer as the third layer were 45 mm, 12 nm, and 51 nm,
respectively.

(TEST EXAMPLE 5-2)

A multilayer filﬁ was assumed ds in TEST EXAMPLE 1-1
except for changing the film thicknesses of the 1éyers in
the multilayer film such that the geometrical film thickness
‘of the high refractive index layer as the first layer, the
geometrical film thickness of the metal layer,_and the
geometrical film thickness of the high refractive index
layer as the third layer were 51 nm, 12 nm, and 55 nm,
respectively.

(TEST BXAMPLE 5-3)
| A multilayer film was assumed as in TEST EXAMPLE 1-1
except for changing the film thicknesses of the layers in

the multilayer film such that the geometrical film thickness

of the high refractive index laver as the first layer, the



geometrical film thickness of the metal iayer, and the
geometrical film thickness of the high fefractive index
layer as the third layer were 37 nm, 12 nm, and 43 nm;
respectively. | |
{TEST EXAMPLE bH~-4}

A multilayer film was assumed as in TEST EXAMPLE 1-1
except for changing the film thicknesses cf the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the.
geometrical film thickness of the metal layer, and the
geometrical film thickness of the high refractive index
layer as Lthe third layver were 55 nm, 12 .nm, and 59 nm,
respectively.

[Simulation Results]
_Table 1 lists the results of the simulations performed

on the multilaver films. in TEST EXAMPLES 1-1 to 5-4.
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Table 1

Combination of film

Construction of thicknesses jnm].__| Redness | Blueness T:ngﬁgf:ée Shading
‘multitayer film 1st/2nd/3rd layer zndgx | index %] factor
TEST EXAMPLE 1-1 | GAZO/AgNdCU/GAZO 1017120 0.263 0.163 72% 068 |
TEST EXAMPLE 1-2 | GAZO/AgNdCuW/GAZO 2517115 0.227 0.159 75% - 0.71
TEST EXAMPLE 2-1 | GAZO/AgNdCU/GAZO 45/9/45 0.180 0.161 76% 072
" TEST EXAMPLE 2-2 | GAZO/AgNdCU/GAZO 15/9/35 0.268 0.171 70% - 0,65
TEST EXAMPLE 3-1 | GAZO/AgNdCuW/GAZO 40/10/40 0.229 0.172 74% 067
TEST EXAMPLE 3-2 | GAZO/AgNACU/GAZO 31/10/29 0.278 0.177 70% 0.64
| TEST EXAMPLE 3-3 | GAZO/AgNACU/GAZO 45/10/49 0212 | 0.172 75% 0.69 -
TEST EXAMPLE 4-1 | GAZO/AgNdCU/GAZO 45/11/50 0.240 0.187 72% 0.65
TEST EXAMPLE 4-2 | GAZO/AgNdCU/GAZO 31111127 0.337 0.205 65% 0.59
TEST EXAMPLE 5-1 | GAZO/AgNdCU/GAZO 45/12/51 0.269 0.203 69% 0.62
TEST EXAMPLE 5-2 | GAZO/AgNACU/GAZO 51/12/55 0.257 0.210 70% 0.63
TEST EXAMPLE 5-3 | GAZO/AgNdCU/GAZO 37/12/43 0.298 | 0.201 67% 0.60
TEST EXAMPLE 5-4 | GAZQ/AgNdCWGAZO - 55/12/59 0.250 0.219 70% 0.63




The following points are understood from Table 1.
(Geometrical Film Thickness of Metal Layer = 7 nm)

In TEST EXAMPLE 1-1, the redness index val#e is larger
than 0.25%8, and hence the combination of (x, y, z) dees not
fall within the regicn represented by the formula (1). On
the other hand, the blueness index value is smaller than
0.170, and hence the combination of (%, y, z) falls within
the region represented by the formula (0}.

In TEST EXAMPLE 1-2, the redness index value is larger
than 0.200 and smaller than 0.250, ahd hence the combination
of (x, y, z) falls within the region represented by the
formula (3). Also, the blueness index value is smaller than
0.170, and hence the combination of {x, v, z) falls within
the region represented by the formula {6).

(Geometrical Film Thicknezss of Metal Laver = 9 nm)

In TEST EXAMPLE 2-1, the redness index value is not
larger than 0.200, and_hence the combination of (%, v, z)
falls within the region represented by the formula (5).
Alsp, the blueness index wvalue is smaller than €.170, and
hence the ccmbina%ion of {x, v, z) falls within the region
represanted by the formula (6}.

In TEST-EXAMPLE 2-2, the redness index value is larger
than 0.258, and hence the combination of (%, v, z} does not
falls within the region represented by the formula {(1). On

the other hand, the blueness index value is larger than
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0.170 and smaller than 0.2d0,_and hence the combination of
{x, y,rz) falls within the region represented by the formula
(4. | |
L{Géometrical Film Thickness of Metal Layer = 10 nm)

In TEST EXAMPLE 3-1, the redness index value is larger
than 0.200 and smaller than 0.250, and hehce the combination
of (%, y, z) falls within the regicn rgpresented by the
formula (3). Also, the blueness index value isrlarger than
0.170 and smaller than 0.200, and hence the combination of
{(#, vy, z) falls within the region represented by the formula
{4;). _

In TEST EXAMPLE 3-2, the redness index value is larger
than 0.258, and hence the combinstion of (%, v, z) does not
fall within the region represented by the formula (1}. On
the other hand, the blueness index value is larger than
0.170 and smaller than 0,205, and hence thé combination of
{(x, y, z} falls within the region represented by the formula
{(41%. |

In TEST EXAMPLE 3»3; the redness index value 1s larger
than 0.200 and smaller than 0.250, and hénce the comﬁination
of (%, y, z) falls within the regilon represented by the

- formula {(3). Also, the blueness index value is larger than
0.170 and smaller than 0.200, and hence the combination cof
{2, v, z) falls within the region represented by the formula

{4y,
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(Geometrical Film Thickness of Metal Layer = 11 nm}

In TEST EXAMPLE 4-1, the redness index value is larger
than 0.200 and smaller than 0.250, and hence the combination
of {x, y,'i) fzlls within the region represented by the
formula (3). Also, the blueneés index value is larger than
0.170¢ and smaller than $.200, and hence the combination of
{x, v, z) falls within the region represented by the formula
{4).

In TEST EXAMPLE 4-2, the redness index valge is larger
than 0.258, and hence the combination of {(x, y, z) does not
fall within the rggion represented by the formula (1). On
the other hand, the blueness index value is larger than
0.200 and smaller than 0.210, and hence the combination of
(2, vy, z) falls #ithin the region represented by the formula
(2).

(Geometrical Film Thickness of Metal Layer = 12 nm)

In TEST EXAMPLE 5-1, the redness index value is larger
than 0.258, and hence the combination of (x, y, z) does not
fall within the region represented by the formula (1). On
the other hand, the blueness index value is larger than
0.200 and smaller than 0.210, and hence the combination of
(%, v, z) falls within the region represented by the formula
{2).

In TEST EXAMPLE 5-2, the redness index value is largser

than 0.250 and smaller than 0.258, and hence the combination
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of (%, y, 2z} falls within the region represented by the
formula {1). Also, the blueness index value is larger than
0.260 and smaller than'0.210, and hence the combination of
(%, v, 2) falls within the region represented by the formula
{(2).

In TEST EXAMPLE 5-3, the redness index valiue is larger
than 0.258, and hence the combination of (%, vy, =z} does not
fall within the region represented by the formula (1). On
the other hand, the klueness index value is larger than
0.20¢C ana smaller than 0.210, and hence the combination of
(%, v, z) falls within the region represented by the formula
2).

In TEST FE¥AMPLE 5-4, the redness index value is larger
than 0.200 and smaller than 0.250, and henge the combinaticn
of (%, y, z) falls within the region represented by the
formula (3). On the other hand, the blueness index valus is
larger than 0.210, and hence the combination.of (x, vy, z)
does not fall within the region represented by the formula
(2). ,

[Ohservation of External Appearances and Simulatiogs of
Optical Bedies]

Next, optical bodies were fabricated according to the
following EXAMPLE 1-1 and COMPARATIVE EXAMPLES 1-1 to 1-2.
Further, optical characteristics of multilayer films

according to the following TEST EXAMPLE 6-1 and TEST
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EXAMPLES 7-1 to 7-2, which were assumed respectively
corresponding to the fabricated multilaver films of EXAMPLE
1-1 and COMFARATIVE EXAMPLES 1-1 +o 1-2, were determined
through simulations. Further, the observation results of
external appearances of EXAMPLE 1-1 and COMPARATIVE EXAMPLES
1~1 te 1-2 were compared respectively with the simulation
results of TEST EXAMPLE 6-1 and TEST EXAMPLES 7-1 to 7-2.
(EXAMPLE 1-1)

The multilayer £ilm constituting the reflecting layexr
of the optical body had a three-layer structure obtained by
stacking a high refractive index layer and a metal layer.
Details. of construction of the multilayer film are as
Tollows:

Layer structure: high refractive index layer / metal layer
-/ high refractive index laver
High refractive index layer:

Material: GAZO

Geometrical film thickness of first layer: 40 nm

Gaometrical film thickness of third layer: 40 nm

Metal laver:

Material: AgNdCu

Geometrical film thickness: 10 mm

The multilayer film was formed by vacuum sputtering
using targets with compositions set forth in Table 2.

Refractive indexes of GAZO and AgNACu in Table 2 indicate
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values at a wavelength of 550 nm.

Table 2
GAZO AgNdCu
_ Ag: 99 wt%
f g,
Target composition i?zg 3_"(? 517 ‘ng’ : Nd: 0.4 wi%
S 2= = i Cu: 0.6 wt%
Refractive index 1.936 - 0.164

{COMPARATIVE EXAMPLE 1-1)

The optical body was fabricated as in EXAMPLE 1-1
except for changing the film thicknesses of the layers in
“fhe multilaver film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical film thickﬂess of the metal layer, and the
geometrical £ilm thickness of the high.refractive index
laver as the third layer were 29 nm, 10 nm, and 31 nm,
respectively.

{COMPARATIVE EXAMPLE 1-2)

The optical body was fabricated as in EXAMPLE 1~1
except for chaﬁging the film thicknesses of the layers in
the multilayer film such that the geometrical £ilm thickness
of the high refractive index layer as thé first layer, the
geomeltrical film thickness of the metal layer, and the
geometrical film thickness of the high refractive index
laver aé the third layer were 585 nm, 12 nm, and 38 nm,

respectively.
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In EXAMPLES, AgNdCu was used as the target composition.
However, the target composition is not limited to AgNdCu,
and the above-mantiocned metél or alloy having a high
reflectance in the infrared range can alsc be used. The
metal layer having a high reflectance in the infrared range
cdntains, asz a main component, Au,-Ag, Cu, AL, Ni, Cr, Ti,
pd, Co, Si, Ta, W, Mo or Ge alone, or an alloy centaining
two or more selected from among those elements, for example.
Of those examples, Ag-, Cu-, Al-, $Si- or Ge-based materials
are preferable in conéideration of practicability. When an
alloy is used as the material of the metal layer, the metal
layer preferably contains, as a_main component, AlCu, Alti,
Alcﬁ, 21Co, AINGCu, AlMgSi, AgBi, AyNdCu, AgPdCu, AgPdTi,
AgCuTi, AyPdCa, AgPdMg, AgPdFe, Ag, or SiB, for example.

The geometrical film thickness of the metal layer is
preferably 7 nm or more and 9 nm or less. The reason is
that, when such a condition is éatisfied, the transmittance
and the reflectance for the light incident on the optical
body can be each held in a preferable range.

‘Observation Results of External Appearance]
{(EXAMPLE 1-1)

. As a result of cbserving the external appeaiance of the
optical body fabricated accordinq.to EXAMPLE 1-1, the color
tone of light reflected by the optical body was neutral.

(COMPARATIVE EXAMPLE 1-1)



As a result of observing the external appearance ¢f the
optical body fabricated according to COMPARATIVE EXAMPLE 1-1,
a reddish color tone was perceived in the light reflected by
the optical body.

(COMPARATIVE EXAMPLE 1-2)

As a result of observing the external appearance of the
optical body fabricat@d according to COMPARATIVE EXAMPLE 1-2,
a bluish color tone was perceived in the light reflectad by
the optical body was perceived.

{Simulation]

Next, optical characteristics of each multilayer film
constituting the reflecting layer of the optical body were
determined through a simulation performed enfthe multilayer
Ffilms according to the following TEST EXAMPLE 6-1 and TEST
EXAMPLES 7-1 to 7-2, which were assumed respectively
correéponding te the multilayer films in tThe fabricated
optical bodies of EXAMFPLE 1-1 and COMPARATIVE EXAMPLES 1-1
to 1-2. The simulation was performed by using the optical
simulation software (Light Tools) available from CRA
{Optical Researcﬁ Associates) .
 (TEST EXAMPLE 6-1)

A multilayver film was assumed which had a three-layer
structure obtained by stacking a high refracti&e index laver
and a metal layer. Details of construction of the

multilayer f£ilm are as follows:
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Layver structure: high refractive index layer / metal layer
/ high refractive index layer
High refractive index layer:

Material: GAZO

ieometrical film thickness of first layer: 40 nm

Geometrical film thickness of third layer: 40 nn

Metal layer:

Material: AgNdCu

Geometrical film thickness: 10 nm
(TEST EXAMPLE 7-1)

A multilayer film-was assumed as in TEST EXAMPLE &-1
except for changing the film thicknesses of the layers in
the multilayer film such that the geometrzical f£ilm thickness
of the high refractive index layer as the first layer, the
geometrical film thickness of the metal layer, and the
geometrical film thickness of the high refractive index
layer as the third layer were 2% nm, 10 nm, and 31 nm,
respectively.

(TEST EXAMPLE 7-~2)

A multilayer film was assumed as in TEST EXAMPLE 6-1
except for changing the film thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
gecmetrical film thickness of the metal layer, and the

geometrical film thickness of the high refractive index
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layer as the third layer were 55 nm, 12 nm, and 59 nm,
respectively.
{Simulatiom Results]

Table 3 lists the resuits of the simulaticns performed
cn the multilayer films in TEST EXAMPLE 6-1 and TEST

EXAMPLES 7-1 to 7-2.
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Table 3

Combination of film

Construction of thicknesses [nm] R_edness Btgeness T;‘gifé:{?ggé o | Shading

muitilayer film 1st/2nd/3rd layer mdex index (%] factor
TEST EXAMPLE 6-1 | GAZO/AgNdCU/GAZO 40/10/40 0.229 0.172 74% 0.67
TEST EXAMPLE 7-1 | GAZO/AgNdCUW/GAZO 29/10/31 0.278 0177 70% 0.64
TEST EXAMPLE 7-2 | GAZO/AgNdCWGAZO 5571259 0.250 0.219 70% 0.63




Fig. 35A is a contour plot-at z = 10 nm, illustrating
the calculation result of the redness index with respect to
the geometrical film thickness of the high refractive index
layer as the first layer and the geometrical film thickness
of the high refractive index layer as the third layer, and
Fig. 35B is a contour plot -at.z = 10 nm, illustrating the
calculation result of the blueness index with respect to ths
geometrical film thickness of the high refractive index
laver as the first layer and the geométrical £ilm thickness
of the high refractive index layer as the third layer.

In Fig. 35A, a point denoted by "o" represents the
redness index value‘obtained in TEST EXAMPLE 6-1, and a
point dencted by "o" hatched with rightward rising slants
represents the redness index value cbtained in TEST EXAMPLE
7Fl. In ¥ig. 35B, a point dénoted by Mo" répresents ﬁhe
blueness index value obtained in TEST EXAMPLE &6-1, and a
point dencted by "o" hatched with rightward rising slants
represents the bluenéss index value obtained in TEST EXAMPLE

7-1. " |

Fig. 36A is a contour plot at z = 12 nm, illustrating
the calculation result of the redness index with respect to
the geometrical film thickness of the high refractive index
layer as the first layer and the geometrical film thickness
of the high refractive index layer as the third layer, and

Fig. 36B is a contour plot at z = 12 nm, illustrating the
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caleulation result of the blueness indéx with respect to the
geometrical film thickness of the high refractive index
layer as the first laver and.the geometrical film thickness
of the high refractive index layer as the third layer.

In fig. 364, a point denoted by "o" hatched with
rightward falling slants represents the redness index value
obtained in TEST EXAMPLE 7-2. In Fig. 36B, a point denoted
by "o" hatched with rightward falling slants represents the
blueness index value obtained in TEST EXAMPLE 7-Z. '

Thé fellowing points are understoéd from Table 3 énd
Figs. 35A, 35B, 3¢A and 36B.

{TEST EXAMPLE 6-~1)

Tn TEST EXBMPLE 6-1, when the geometrical film
thickness of the high refractive index lajer as the first
layer and the gepmetrical film thickness of tﬁe high
refractive index layer as the third layer are converted to
optical film thicknesses, (z, y, z) = (77.44, 10, 77 .44} is
resulted. In this case, the combination of (%, v, z)
corresponding to TEST EXAMPLE €-1 corresponds to a point
that falls within the reglon represented by the formula (1).
and that falls within the region reﬁresented by the formula
(2.

Further, as illustrated in Fig. 35A, the point
representing the redness index value in TEST EXAMPLE &-1 is

positioned inside the boundary at which the redness index
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value takes 0.2858 and, as illusﬁrated in Fig. 35B, the point
representing the blueness index value in TEST EXAMPLE 6-1 is
positioned inside the boundary at which the blueness index
valus takes 0.210.

Accordingly, the cclor tone of the reflected light in
TEST EXAMPLE 6-1 is thought as being viewed neutral. Thus,
the simulation result matches with the cbservation result of
the external appearance ¢f the coptical body according to
EXAMPLE 1-1. '

(TEST EXAMPLE 7-1)

In TEST EXAMPLE 7-1, when the geometrical film
thickness of the high refractive index layer as the first’
layer and the geometrical film thickness of the high
refractive index layer as the third layer are converted to
optical film thicknesses, (%, y, z} = (56.144, 10, 60.0186)
is resulted. In this case, the coﬁbination of (®, v, z)
corresponding to TEST EXAMPLE 7-1 corresponds to a point
that does not fall within the region represented by the
formula (1) and that falls within the region represented by
the formula (2).

Ffurther, as illustrated in Fig. 35A, the point
representing the redness index value in TEST EXAMPLE 7-1 is
positioned outside the boundary at which the redness index
value takes 0.258 and, as illustrated in Fig. 35B, the point

representing the blueness index value in TEST EXAMPLE 7-1 is
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positioned inside the boundary at which the blueness index
value takes O.ZiO.

Accordingly, the color tone of the reflected light in
TEST EXAMPLE 7-1 is thought as being viewed reddish. Thus,
the simulation result matches with the observation result of
the external appearance of the optibal body according to
COMPARATIVE EXAMPLE 1-1. 7
{TEST EXAMPLE 7-2)

In TEST EXAMPLE 7-2, when the gecmetrical film
thickness of .the high refractive index layer as the first
layer and the geometrical film thickness of the high
refractive indexAﬁayer as the third layer are converted to
optical f£film thicknesses, (¥, Vv, z).ﬂ {106.48, 12, 114.224)
is resulted. In this case, the combination of (%, vy, z)
corresponding to TEST EXAMPLE 7-2 corresponds to a point
that falls within the region represented by the formula (1)
and that does not fall within the regionrrepresented by the
formula {2). _

Further, as illustrated in Fig. 36A, the point
rebresenting the redness index value in TEST EXAMPLE 7-2 1is
positioned inside the boundary at which the redness index
value takes 0.258 and, as illustrated in Fig. 386B, the point
representing the blueness index valug in TEST EXAMPLE 7-2 is
positicned outside the koundary at which the blueness index

value takes 0.210.
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Accordingly, the color tone oi the reflected light in
TEST EXAMPLE 7-2 is thought as being viewed bluigh. Thus,
the simulation result matches with the‘observation result of
the external appearance of the optical body according to
COMPARATIVE EXAMPLE 1-2.

As déééribed-above, the change in color tone of the
optical body can be suppressed by setting the film
thicknesses of the layers in the multilayer £ilm of the
wavelength-selective reflecting layer such that the redness
index value and the blueness index ﬁalue are each held in
the predetermined region.

While the embodiments of the present technology have
been described in detail above, the present technology is
not limited to fhe above-described embodiments and can be
variocusly modified on the basis gf the technical concept of
the present technclogy.

For example, the constructions (configurations), the
methods, the shapes, the materials, the ﬁumerical values,
etc. explained in the foregoingrembodiments are mersely
mentioned for illustrative purpose, and diiferent
constructions (configurations), methods, shapes, materials,
numerical values, etc. can also be used when necessary.

Also, the constructions (configurations) in the above-
described embodiments can be seiectivaly combined with each

other without departing from the scope of the present



“technology.

o ﬁhilé the foregoing @mhédiments have been described, by
way of example, in connection with the case where the window
blind and the rolling screen device are manually operated,
the window blind and the rolling screen device may be
alectrically oéerated.

The foregoing.embodiments have been described, by way
of example, in connection with the case where the optical
film is affixed to the adherend, such as the window member.
However, the adherend, such as‘the window member, may be
constituted as the first optical laver or the second optical
layer itself of the optical £ilm., That modification enables
the adherend, such.as the window member, TO have the
_directicnal reflecticon function in advance.

While the foregoing embodiments have been described, by
way of example, in connection with the case where the
optical body is the optical £ilm, the shape of the optical
body is not limited to a film, and the optical body may have
:a plate- or block-like shape.

Wﬁile the foregoing embodiments have been. described, by
way of example, in connection with the case of applying the
present technology to the interior or exterior members, such
as the window member, the fitting, the slat of the window
blind, and the screen ¢f the rclling screen device,

application examples of the present technology are not
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limited to‘the illustrated ones, and embodiﬁents‘of‘the
present technology are further applicable to other interior
and exterior members than the above-described ones.

Examples of the intericr or exterior members Lo thch
the optical body according to the embodiment of the present
technology can be applied include an interior or exterior
nember formed by the optical bedy itself, and an interior or
exterior member formed by a transparent base to which a
directional :efléctor is affixed. By installing suéh an
interior or exterior member indoors or outdoois”ﬁear a
window, it is possibie, for example, to directionally
reflect only an infrared ray to the outdoor and to take
visiblie light intd the indoor. Accordingly, when tThe
interior or exterior member is installed, necessity of
lighting for an indoor space is reduced. Further, since the
int@rior or exterior member hardly causes scatter reflection
roward the indoor side, a temperature riss in the
surroundings can be suppressed. In addition, the optical
body may be applied to other affixing target members
(adherends) than the transparent base depending on the
desired purpcse of, for example, controlling visibility
énd/or inereasing strength.

While the foregoing embodiments have been described, by
way of example, in connection with the case of applying the

present technology to the window blind and the rolling



screen device, application examples of the present
technology-are not limited to the illustrated ones, and
embodiments of the present technology are further applicahle
to various types of solar shading devices installed on the
indoor or outdeor side.

While the foregéing embodiments have been described, by
way of example, in connection with the case of applying the
present technclogy to the solar shading device {e.g., the
rolling screen device) wiere a degree at which the solar
shading member cuts off the incident light can be adjusted
by taking up or letting out the solar shading member,
application exzamples of the present technology are not
limited to the illustrated one. For example, embodiments of
the present techrnology are further applicable to a solar
shading device where a degree at which a solar shading
member cuts off the incident light can be adjusted by
-folding or unfolding the solar shading member. One ekample
of such a solar shading device is a pleated screen device
where a degree at which a solar shading member cuts off the
incident light can be adiusted by folding or unfolding a
screen as the solar shading member in the form of bellows.

While the foregoing embodiments have been described, by
way of example, in connection with the case of applying the
present technology te a horizontal-type window blind

(Venetian window blind), embodiments of the present
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technéiogy are further applicable to a vertical-type window
‘blind.

The @resené disclosure contains subject matter related
fo that disclosed in Japanese Priority Patent Application JP
2010-137784 filed in the Japan FPatent Office on June 16,
2010, the entire contents of which are hereby incorporated
by reference.

Tt chould be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on desigﬁ regquirements
and cther factors insofar as they are within the‘scope of

the appended claims or the equivalents thereof.



CLAIMS:

1. An optical body comprising:

a first opticai layer having a concave-convex surface;

a wavelength-gelective reflecting layer formed on the
concave~convex surface; and

a second optical layer formed on the wavelength-
selective zreflecting laver to embed the concave-convex
surface,

the wavelength-selective reflecting layer having a
multilayer structurs formed by successively stacking at
least a first high refractive index layer, a metal layer,
and a second high refractive index layer,

whereinq given that optical £ilm thicknesses of the
first high refractive -index layer and the second high
refractive index layer are x and y, respectively, and a
geometrical f£ilm thickness of the metal layer is z,

wherein the wvalue of z lg determined based on the
values of x and vy such that redness index wvalus of the
reflecting layer ig 1less than 0.258 and/or the blueness

index value of the reflecting layer is less than 0.210.
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2. The optical body according to claim 1, wherein x,

v and z gatisfy the following formula (1):

1 fz—120N\2 1 fy—120\2y
z < 12.1exp{-3 (?f45.17) ) (3{23.14) b

wherein x, y and z satisfy relational expressions of

19.36 m £ x, ¥y £ 135 nm, 7 nm £ z £ 12 nm.

3. 2n optical body comprising:

a first optical layer having a concave-convéx surface;

a wavelength—selective reﬁlecting layer formed on the
concave-convex surface; and

a seccond optical layer formed on the wavelength-
gselective reflecting laver to embed the concave-convex
surface,

the wavelength-selective reflecting layer having a
multilayer structure formed by successively stacking at
least a first high refractive index layer, a metal laver,
and a second high refractive index layer,

wherein, given that optical £ilm thicknesses of the
first high refractive index layer and the sgecond ‘high
refractive index layer are x and vy, respectively, and a

geometrical film thickness of the metal layer ig =z
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wherein the value of 2z is determined based on the
values of x and v szguch that rednegs index wvalue of the
reflecting layer i1s less than 0.258 and/or the blueness

index value of the reflecting layer is less than 0.210.

4. The optical body according to claim 3, wherein x,

v and z satisfy the follewing formula (2):

2
1 fz—y 2 1 {0.70(z+y)—120
z <12.2exp{-3 (&) -3 ( 99.41 ) J @

wherein x, y and 2z satisfy relational expressions of

19.36 nm £ x, v £ 135 nm, 7 am £ z £ 12 nm.

5. The optical body according to Claim 2 or 4, wherein

%, v and z further satisfy the following formula (3):

1 {2—12012 1 /y—120\2y ..
z < 12.1exp{-5 (T3757) -3 (Sors7) 1@

wherein x, y and z satisfy relational expressions of

19.36 nm £ x, ¥y £ 135 nm, 7 nm £ z £ 12 nm.
6. The optical body according to any one of Claims 2,

4 or 5, wherein x, y and z further satisfy the following

formula {4} :
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2
1 z—y\2 1 {0.70(z+y)-110
z < 118exp{-g (5735) -3 ( 57.89 ) fro@

wherein x, v and z satisfy relational expressions of

19,36 nm £ %, ¥y £ 135 nm, 7 nm £ z £ 12 nm.

7. The optical body according to any one of Claims 2
or 4-6, wherein x, vy and z further satisfy the following

formula (&5} :

1 2—120\2_1 [ y—120\2y ..
z < 9.70exp{-; ({77 i3s) -3 (1?21.942) po@

wherein x, vy and z satisfy relational expressicons of

18.26 nm € %, v £ 135 om, 7 nm £ z £ 12 nm.

8. The optical body according to any one of Claims 2
or 4-7, wherein x, y and z further satisfy the following

formula (6} :

) 2
1 /0. 7(z—1)+5 1 {0.T{z4+y)—110
z < 9.72exp{-3 ( 50.00 ) ) ( 134.16 ) }oe

wherein x, y and z satisfy relational expressicns of

19.236 nm £ x, ¥y £ 135 nm, 7 nom £ z £ 12 nm.

9. An optical body comprising:
a ftirst optical layer having a concave-convex surface;
a wavelength-selective reflecting layver formed on the

concave~convex surface; and
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a second optical layver formed on the wavelength-
gselective reflecting layer to embed the concave-convex
surface,

the wavelength-selective reflecting layer having. a
multilayer structure formed by successively stacking at
least a first high refractive index layer, a metal layer,
and a second high refractive index laver,

wherein, given that optical £ilm thicknesszes of the
first high refractive index layer and the second high
refractive index layer are x and vy, respectively, and a
geometrical f£ilm thickness of the metal layer is gz,

wherein thé value of 2z 18 determined based on ﬁhe
values of x and y such that redness index valug of the
reflecting layer 1is less than 0.258 and/or the blueness

index wvalue of the reflecting layer is legs than 0.210.

10. The optical body of claim 9, wherein x, vy and =z

satisfy the following formulas (1) and {(2):
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— 2 12042
z <121 exp{-3 (355) -5 () o

2
1 fz—y 2 1 0700y =120\ ...
z < 122exp{-7 (&%) -3 ( (gg.gi ) @

wherein x, v and 2z satisfy relaticnal expressions of

19.36 nm £ %, ¥y £ 136 nm, 7 nm £ z £ 12 nm.

1. The optical bkody according to any one of the
preceding Claims, wherein the high zrefractive index layer
containg at least one selected from among a group including
nicbhium oxide, zinc oxide, titanium oxide, and tantalum
oxide, and

the metal layer contalns a silver alloy.

iz2. The optical body according to any one of the
preceding Claims, wherein the high refractive index laver

has a refractive index of 1.7 or more and 2.6 or less.

13. The optical body accqxding to any one .of the
preceding Claims, wherein .the - wavelength-selective
reflecting layer selectively directionally reflects light in
a specific wavelength band while transmitting light octher
than the specific wavelength band therethrough, and

a value of transmission image clarity for the light at

wavelengthe transmitting through the coptical body is B0 or
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larger when measured in conformity with JIS X-7105 by using

an cptical comb with a comb width of 0.5 mm.

14. The optical body acccording to any one of the
preceding Claims, wherein a total wvalue of transmission
image clarity for the light at wavelengths transmitting
through the optical body is 230 or larger when meagured in
conformity with JIS K-7105 by using optical combs with comb

widths cf 0.125 mm, C.5 mm, 1.0 mm and 2.0 mm.

15. The optical body according te any one of the
preceding Claims, wherein the concave-convex surface of the
first optical layer is formed by arraying many structures in
a one-dimensional pattern or a two-dimensional pattern, and

the structures have a prism-like shape, a lenticular

gshape, a semispherical shape, or a corner cube shape.

i6. The optical body according to any one of the
preceding Claims, wherein the structures are arrayed at a

pitch of 5 um or meore and 5 mm or less.

17. The optical body according to any cone of the
preceding Claims, wherein a difference in refractive index
between the first optical laver and the second optical layer

is 0.010 or less.
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18. The optical body according o any one of the
preceding Claims, wherein the f£irst optical layer and the
gecond optical' 1ayer' are made .0f the same resin having
transparency in a visible range, and the second optical

layer contains one or more additives.

19. The optical body according to any one of the
preceding Claimg, further comprising a water-repellent or
hydrophilic layer on an incident surface of the optical

body .

20. The optical body according to any one of the
preceding Claims, wherein the optical body directionally
reflects light in a sgpecific wavelength band to prevent the
light in the specific wavelength &pand from entering a
predetermined space, while transmitting light other than the
specific wavelensth band therethrough to be taken into the

predetermined space.

2i. - A window member including: the optical body

according to any cne of the preceding Claims.

22. A fitting including a lighting porticn provided

with the optical body according te any one of Claims 1-20.
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23. A solar shading device comprising one or more
solar shading members to cut off sunlight,
wherein the solar shading member includes the optical

body according to any cne of Claims 1-20.
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