OPTICAL BODY, WALL MEMBER, FITTING, SOLAR SHADING DEVICE, AND BUILDING
BACKGROUND The present technology relates to an optical body, a wall member, a fitting, a solar
shading device, and a building. More particularly, the present technology relates to an optical body for
directionally reflecting incident light. Recently, there have been increased the cases of coating
layers to reflect the sunlight on wall surfaces of various buildings, such as high-rise buildings and
housings. 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 for buildings, which load is increased
with solar energy, i.e., the sunlight, being absorbed by the wall surfaces of the buildings and raising

the temperatusg-in the beiidings a1 iIFuthers whemthe:sunlighbinceming fram the-skyand impinging
against the wall surface of a building is specularly (regularly) reflected, the reflected light may reach
other buildings and the ground in the nearby:}ddtside WhHeéré the light is absorbed and converted to
heat, thus raising the ambient temperature. Accordingly, a local temperature rise occurs in the
surroundings of the building. This gives rise to the problems that, in urban areas, a heat island
phenomenaiis:ageelerated and grass does not grow in areas irradiated with the reflected light.

The present technology relates to an optical bedy, a
wall member, a fitting, a solar shading device, and a
building. More particularly, the present technology relates
to an opéical body for directionally reflecting incident
light.

Recently, there have been increased the cases of
coating layers to reflect the sunlight on wall surfaces of
various buildings, such as high-rise buildings and housings.
Such a trend represents cne of energy-saving measures with
the view of preventing global warming, and it is intended to
reduce a load of cooling eguipment for buildings, which load
is increased with solar energy, i.e., the sunlight, being
absorbed by the wall surfaces of the bulldings and raising
the temperature in the buildings.

Further, when the sunlight inceming from the sky and
impinging against the wall surface of a building is
specularly (regularly) reflected, the reflected light may
reach other bulldings and the ground in the nearby outside
where the light is absorbed and converted to heat, thus
raising the ambient temperature. Accordingly, a local

temperature rise occurs in the surroundings of the building.



As one example of techniques of coating the layers for reflecting the sunlight on the wall surfaces of
the buildings, there is proposed a technique of forming a reflecting layer on corner cubes such that
incident light is retroreflected by the reflecting layer (see Japanese Unexamined Patent Application
Publication No. 2006-322313). SUMMARY With the proposed technique mentioned above, the
reflecting layer is formed on the corner cubes, and hence the sunlight can be retroreflected after the
incident light has been reflected by the reflecting layer three times. However, because the incident light
is reflected three times, the amount of light absorbed by the reflecting layer is increased about three
times in comparison with that absorbed when the reflecting layer is formed on a flat plate, and the

amount of heat geperatediisdacreased ogrespongdingly.-or that reason, when thay type of optical
body is applied to a wall member for a building, the temperature of the wall member may rise and the
temperaturé it AR dnBEespace oftheshuiltheg may-alsomrise. dir saeh doease; the gooting equipment is
operated ataqgiaghey uyliégtign rate q&gl the amount of 002 emission is increased. It is, therefore,
desirable to provide ah opticar body, & wallmé&fber & fitting: #'Solar shading device, and a building,

which can ensureshighupwargeflection perfgrmanes, and which can reduce absarptiop of light by a

reflecting layer. According to one embodiment of the present technology, there is provided an
optical body #fcledingraystibstraterhavitg acconcavevcornvexsutfaces acéfleating layer formed on the
concave-c?vei surface, and an optical layer formed on the reflecting layer to embed the

concave-convex stitfite, Whergin theteABERTY Iy el HifditiGHalN fefiectsiight, the concave-convex
surface is made up:afra, plurality of triangulat piliars. armayed in 2.gne-gimensional pattern, and the

triangular pillar has an apex angle a and a slope angle p, the apex angle a and the slope angle p
satisfying arfermale (I)art(@) giventhelowe flecting layer {see Japanese

Unexamined Patent Application Publication No. 2006-322313).

SUMMARY

With the proposed technigue mentioned above, the
reflecting layer is formed on the corner cubes, and hence
the sunlight can be retroreflected after the incident light
has been reflected by the reflecting layer three times.
However, because the incident light is reflected three times,
the amount of light absorbed by the reflecting layer is
increased about three times in comparison with that absorbed
when the reflecting layer is formed on a flat plate, and the
amount of heat generated is increased correspondingly. For
that reason, when that type of optical body is applied to a
wall member for a bullding, the temperature of the wall
member may rise and the temperature in an inner space of the
building may also rise. 1In such a case, the cooling

eguipment is operated at a higher utilization rate and the
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amount of CO; emission is increased.

It is, therefore, desirable to provide an optical body,
a wall member, a fitting, & sclar shading device, and a
building, which can ensure high upward reflection
performance, and which can reduce absorption of light by a
reflecting lavyer.

According to one embodiment of the present technology,
there is provided an optical body including a substrate
having a concave-convex surface, a reflecting layer formed
on the concave-convex surface, and an optical layer formed
on the reflecting layer to embed the concave-convex surface,
wherein the reflecting layer directionally reflects light,
the concave-convex surface is made up of a plurality of
triangular pillars arrayed in a one-dimensional pattern, and
the triangular pillar has an apex angle o and a slope angle
B, the apex angle o and the slope angle B satisfying a
formuia (1) or (2) given below:

30 £ B £ 4.5 - 285 (70 £ o £ 80) (1)

30 £ B < -1.50 + 185 (B0 < o < 100) - (2)

According to another embodiment of the present
techneology, there is provided an optical boedy including a
substrate having a concave-convex surface, and a reflecting
layer formed on the concave-convex surface, wherein the
reflecting layer directionally reflects light, the concave-

convex surface 1s made up of a plurality of triangular



p-1.5a+195(80a5_ 100) (2) According to another embodiment of the present technology,
there is provided an optical body including a substrate having a concave-convex surface, and a
reflecting layer formed on the concave-convex surface, wherein the reflecting layer directionally
reflects light, the concave-convex surface is made up of a plurality of triangular

pillars arrayed in a one-dimensional pattern, and the
triangular pillar has an apex angle o and a slope angle B,
the apex angle o and the slope angle P satisfying a formula
(LY or (2} given below:

30 £ B £ 4.5a - 285 (70 £ a £ 80) (1)

30 £ B £ -1.50 + 195 (80 € o £ 100) (2

With the optical body according to the embodiment of
the present technology, the concave-convex surface is formed
by arraying asymmetrical triangular pillars in a one-
dimensional pattern, and the reflecting layer is formed on
the concave-convex surface. Therefore, when the optical
body according to the embodiment of the present technology
1s applied to an adherend (i.e., an affixing target), such
as a wall member, the incident light can be reflected upward.

Further, with the optical body accerding to the
embodiment of the present technology, the apex angle o and
the slope angle B of the triangular pillar satisfy the
predetermined relationship. Therefore, when the optical
body according to the embodiment of the present technology
is applied to the adherend, such as the wall member, a high
upward reflectance can be obtained.

According to the embodiments of the present technology,
as described above, since heat generation caused with
absorption of light is reduced in the optical bedy capable

of directionally reflecting the incident light, energy



pillars arrayed in a one-dimensional pattern, and the triangular pillar has an apex angle a and a slope
angle p, the apex angle a and the slope angle p satisfying a formula (1)or (2) given below:

saving can be realized. ¥Further, when the optical body is
applied to the adherend, such as the wall member, a high

upward reflectance can be obtained.

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, and Fig. 1B is a sectional view illustrating an
example in which the optical film according to the first
embodiment 1s affixed to an adherend (affixing target);

Fig. 2 is a perspective view 1llustrating the
relationship between incident light that is incident on the
optical film and reflected light that is reflected by the
optical film;

Fig. 3A 1s a perspective view illustrating an example
of shape of triangular pillars formed in a first optical
layer, and Fig. 3B is a sectiocnal view illustrating an
example of construction of the optical film including the
first optical layer in which the triangular pillars
illustrated in Fig. 3A are formed:

Fig. 4A is an enlarged sectional view illustrating, in
enlarged scale, a part of the optical film illustrated in
Fig. 3B, and Fig. 4B is an enlarged secticnal view
illustrating, in enlarged scale, a reflecting laver

illustrated in Fig. 3B;
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'igs. 5A and 5B are each a sectional view to explain
one example of function of the coptical film according to the
first embodiment;

Figs. 6A is a sectional view to explain one example of
function of the optical film according to the first
embodiment, and Fig. 6B is a plan view to explain one
example of function of the optical film according to the
first embodiment;

Fig. 7 is a schematic view i1llustrating one example of
congtruction of an apparatus for manufacturing the optical
film according to the first embodiment;

Figs. B8A to 8C illustrate successive steps to explain
one example of a method of manufacturing the optical film
according to the first embodiment;

Figs. 9A to 9C illustrate successive steps to explain
cne example of the method of manufacturing the optical film
according te the first embodiment;

Figs. 10A to 10C illustrate successive steps to explain
one example of the method of manufacturing the optical film
according to the first embodiment;

Fig. 11A is a sectional view illustrating & first
modification of the first embodiment, and Fig. 11B is a
sectional view illustrating a second modification of the
first embodiment;

Fig. 12 1s a secticnal view illustrating one example of
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construction of an optical film according to a second
embodiment;

Fig. 13 is a sectional view illustrating one example of
construction of an optical film according to a third
embodiment;

Fig. 14 is a perspective view illustrating one example
of construction of a window blind (shade) according to a
fourth embodiment;

Fig. 15A is a sectional view illustrating a first
example of construction of a slat, and Fig. 15B is a
sectional view illustrating a second example of construction
of the slat;

Fig. 16A is a perspective view illustrating one example
of construction of a rolling screen device according to a
fifth embodiment, and Fig. 16B is a sectional view, taken
along line XVIB-XVIB in Fig. 164, illustrating one example
of construction of a screen;

Fig. 17A is a perspective view illustrating one example
of construction of a fitting according to a sixth embodiment,
and Fig. 17B 1s a sectional view illustrating one example of
construction of an optical body used in the fitting;

Fig. 18 1s an illustration to explain the definition of
upward reflectance;

Figs. 19A to 19C are illustrations to explain setting

conditions for a simulation:



With the optical body according to the embodiment of the present technology, the concave-convex
surface is formed by arraying asymmetrical triangular pillars in a one-dimensional pattern, and the
reflecting layer is formed on the concave-convex surface. Therefore, when the optical body according
to the embodiment of the present technology is applied to an adherend (i.e., an affixing target), such
as a wall member, the incident light can be reflected upward. Further, with the optical body
according to the embodiment of the present technology, the apex angle a and the slope angle p of the
triangular pillar satisfy the predetermined relationship. Therefore, when the optical body according to
the embodiment of the present technology is applied to the adherend, such as the wall member, a high

upward reflectance;ean be chiained: o« Acgarding 1o the embodiments.efithe present technology, as
described above, since heat generation caused with absorption of light is reduced in the optical body

capable of difectiorsily refléétng thecincidentlight,ceneigy lsanving can BESfsalzgalFufther, when the
optical body is applied to the adherend, such as the wall member, a high upward reflectance can be
obtained. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1A is a sectional view illustrating one

example of constiuction of an; aptical film accprding 10 g,first gmodiment,.and,Fig. 1B is a sectional
view illustrating an example in which the optical film according to the first embodiment is affixed to an
adherend (affiximgfteegence through a simulation in TEST EXAMPLE 2, Fig.
21B is a2 plot illustrating the calculation result of
reflectance through a simulation in TEST EXAMPLE 3, Fig. 21C
is a plet illustrating the calculation result of reflectance
throuch a simulation in TEST EXAMPLE 4;
Fig. 227 is a plot illustrating the calculation result
of reflectance through a simulation in TEST EXAMPLE 2, and
Fig. 22B is a plot illiustrating the measurement result of
reflectance of an optical f£ilm of EXAMPLE 1;
Fig. Z3A is & plot illustrating the calculation result
of refiectance through a simulaticon in TEST EXAMPLE 3, and
Fig. 23B is a plot illustrating the measurement result of
reflectance of an optical film of EXAMPLE 2;
Fig. 24A is a plan view illustrating a corner cube
shape of a master that is used to fabricate an optical film
of COMPARATIVE EXAMPLE 2, and Figs. 24B and 24C are each a
side view illustrating the corner cube shape of the master
that is used to fabricate the optical film of COMPARATIVE
EXAMELE Z;
Fig. 25A i1s an illustration te explain a method of

measuring a mean film thickness of sach layer in a



Fig. 2 is a perspective view illustrating the relationship between incident light that is incident on the
optical film and reflected light that is reflected by the optical film; Fig. 3A is a perspective view
illustrating an example of shape of triangular pillars formed in a first optical layer, and Fig. 33 is a
sectional view illustrating an example of construction of the optical film including the first optical layer

in which the triangular pillars illustrated in Fig. 3A are formed; Fig. 4A is an enlarged sectional view
illustrating, in enlarged scale, a part of the optical film illustrated in Fig. 3B, and Fig. 43 is an enlarged
sectional view illustrating, in enlarged scale, a reflecting layer illustrated in Fig. 38; Figs. 5A and 58

are each a sectional view to explain one example of function of the optical film according to the first

embodiment;,: . ;igg. 6AiS Aseqtional iew [0.explain one.example of fJunction etthe, optical film

according to the first embodiment, and Fig. 68 is a plan view to explain one examplé of function of the
optical film acceraling to tiEfirsk embBodinEnyLES Rigid IS a schenratic. viedallustrating one example of
construction of an apparatus for manufacturing the optical film according to the first embodiment;

Figs. BA to BollGStrate SicdessiaPdd ps 16 expldit onelexataple of @ niethcd ®f Fiddufacturing the

opﬂcalmnwgggg@nggJnggg%ﬁnﬂyyggmqﬁ:a multilayer film of a
wavelength-selective reflecting layer in REFERENCE EXAZMPLE
4;

Fig. 26A illustrates film thicknesses of the layers in
the multilayer film of the wavelength-selective reflecting
layer formed on an upward sloped surface in each of
REFERENCE EXAMPLES 1 to 4, and Fig. 26B illustrates film
thicknesses cf the layers in the multilayer film of the
wavelength-selective reflecting layer formed on a downward
sloped surface in each of REFERENCE EXAMPLES 1 to 4;

Fig. 2Z7A is a graph illustrating the calculation
results of upward reflectance through simulations in TEST
EXAMPLES 5 to 7, and Fig. 27B is a graph illustrating the
calculation result of upward reflectance through a
simulation in TEST EXAMPLE 8;

Fig. 28A is a graph illustrating the calculation
results of upward reflectance through simulations 1n TEST
EXAMPLES 9 and 1C, and Fig. 28B is a graph illustrating the
calculation result of upward reflectance through a
simulation in TEST EXAMPLE 11;

Fig. 29 is a perspective view illustrating one example

of an entire shape of the optical film according to the



Figs. 9A to 90 illustrate successive steps to explain one example of the method of mgnufacturing the
optical film according to the first embodiment; Figs. 10A to 100 illustrate successive steps to _
explain one example of the method of manufacturing the optical film according to the flrgt embo@ment;
Fig. 11A is a sectional view illustrating a first modification of the first embodiment, and Flg. 118 isa
sectional view illustrating a second modification of the first embodiment; Fig. 12 is a sectional view _
illustrating one example of construction of an optical film according to a second embodiment; _ Fig.
13 is a sectional view illustrating one example of construction of an optical film according to a third
embodiment; Fig. 14 is a perspective view illustrating one example of construction of a window

blind (shadey:acsording ia & fourth embodiment;

Figs. 30A and 30B are illustrations to explain cne
example of manner of affixing the optical film according to
the first embodiment; and

Figs. 31A and 31B are illustrations to explain the
difference in reflection function of the cptical film

depending on the direction of affixing of the optical film.

DETATILED DESCRIPTION OF EMBODIMENTS
Embodiments of the present technelogy will be described
below in the following order with reference to the drawings.

1. First embodiment (in which an optical film is formed by
arraying asymmetrical triangular pillars in a one-
dimensional pattern)

2. Second embodiment (in which a reflecting layer of an
optical film is exposed on the side including one principal
surface of the optical Ffilm}

3. Third embodiment (in which an optical film includes a
self-cleaning effect layer)

4. Fourth embodiment {in which the optical film is applied
t¢c a window blind {shade))

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

6. Sixth embodiment (in which the optical film is applied

to a fitting)

_10_



Fig. 15A is a sectional view illustrating a first example of construction of a slat, and Fig. 15B is a
sectional view illustrating a second example of construction of the slat; Fig. 16A is a perspective
view illustrating one example of construction of a rolling screen device according to a fifth embodiment,
and Fig. 16B is a sectional view, taken along line XVIB-XVIB in Fig. 16A, illustrating one example of
construction of a screen;  Fig. 17A is a perspective view illustrating one example of construction of a
fitting according to a sixth embodiment, and Fig. 17B is a sectional view illustrating one example of
construction of an optical body used in the fitting;  Fig. 18 is an illustration to explain the definition of
upward reflectance;  Figs. 19A to 190 are illustrations to explain setting conditions for a simulation;
Fig. 20 is a pjot illustrating.the; calgulation result of upward reflectance through a simulation in TEST
EXAMPLE 1, Fig. 21A is a plot illustrating the calculation result of reflectance through a simulation
in TEST EXAMPLE-2 cEigo2 18fisC plotdllusirating the calculation result of reflectance through a
simulation in TEST EXAMPLE 3, Fig. 210 is a plot illustrating the calculation result of reflectance
through a simulat%jngin 'FéSal’SEXAWEEQﬁal view i1llustrating one example of

constructicon of an optical film 1 acceording to a first
embodiment, and Fig. 1B is a sectional view illustrating an
example in which the optical film according to the first
embodiment is affixed to an adherend (affixing target). The
optical film 1, as one form of an optical body, is an
optical film having the so-called directional reflective
property. As illustrated in Fig. 1A, the optical film 1
includes an cptical 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 coptical
layer 2 includes a first optical layer (substrate) 4 having
a first surface in & concave-convex shape, and a second
optical layer 5 having a second surface in a concave—convex
shape. The interface in the optical layer 2 is formed by
the first concave~convex surface and the second concave-
convexr surfaces, which are arranged to face each other.
Stated another way, the coptical film 1 includes Lhe first
optical layer 4 having a concave-convex surface, the
reflecting layer 3 formed on the concave-convex surface of
the first optical lavyer 4, and the second optical laver 5
formed on the reflecting layer 3 so as to embed the concave-

convex surface on which the reflecting layer 3 is formed,



Fig. 22A is a plot illustrating the calculation result of reflectance through a simulation in TEST
EXAMPLE 2, and Fig. 223 is a plot illustrating the measurement result of reflectance of an optical film
of EXAMPLE 1; Fig. 23A is a plot illustrating the calculation result of reflectance through a
simulation in TEST EXAMPLE 3, and Fig. 233 is a plot illustrating the measurement result of
reflectance of an optical film of EXAMPLE 2; Fig. 24A is a plan view illustrating a corner cube
shape of a master that is used to fabricate an optical film of COMPARATIVE EXAMPLE 2, and Figs.
243 and 240 are each a side view illustrating the corner cube shape of the master that is used to
fabricate the optical film of COMPARATIVE EXAMPLE 2; Fig. 25A is an illustration to explain a

method of measuting aJmean filmthickness of eachdayern a- fpultilayer film,of a,wayvglength-selective
reflecting layer in each of REFERENCE EXAMPLES 1 to 3, and Fig. 253 is an illustration to explain a
method of measarirg aShean filthithickhess of eachiayer infaemultilayeifilm ofa wavelength-selective
reflecting layer in REFERENCE EXAMPLE 4; Fig. 26A illustrates film thicknesses of the layers in

3 .

the multilayer fitrd Bt the WaveferigiRiseledive feflbtfing T4 et foffied oh &rtipdatd sfsped surface in
each of REFERENCE EXAMRELES 1 19,4, and Fig, 266 Wlustrates,film thicknessgs of the layers in the

multilayer film of the wavelength-selective reflecting layer formed on a downward sloped surface in
each of REFERENEESEXAMPEESCE tac4] £iFig. 27Adssagraphiiflustsating:thezcaltulation results of

upward reflecgqnce through simulations in TEST EXAMPLES 5 to 7, and Fig. 273 is a graph illustrating
the calculatiGr reSfit o dpwardretiectdnce tHBaGH & sifitdatidrincFESTEXARPLIE 801 -

Further, the optical film 1 is suitably applied to a slat
(one example 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. Morecver, the optical
film 1 is suitably employed as an optical body that is
disposed in a shading portion of a fitting (i.e., an
interior membker or an exterior member), such as a shoji
{i.e.; a paper-made and/or glass-fitted sliding door}.

The cptical film 1 may further include a first base 4a,
when necessary, on the rear surface $2 of the optical laver
2. The optical £ilm 1 may further include a second bhase 5a,
when necessary, on the incident surface 51 of the optical
layer 2,

The optical film 1 may further include an affixing
layer &, when necsssary. The affixing layer 6 is formed on
one of the incident surface $1 and the rear surface S22 of
the optical film 1, which cne is to be affixed to the
adherend, e.g., a wall menber 10. Thus, the optical film 1

is affixed to the wall member 10, i.e., the adherend, with

- 12 -



Fig. 28A is a graph illustrating the calculation results of upward reflectance through simulations in
TEST EXAMPLES 9 and 10, and Fig. 283 is a graph illustrating the calculation result of upward
reflectance through a simulation in TEST EXAMPLE 11; Fig. 29 is a perspective view illustrating
one example of an entire shape of the optical film according to the first embodiment; Figs. 30A
and 30B are illustrations to explain one example of manner of affixing the optical film according to the
first embodiment; and Figs. 31A and 318 are illustrations to explain the difference in reflection
function of the optical film depending on the direction of affixing of the optical film. DETAILED
DESCRIPTION OF EMBODIMENTS Embodiments of the present technology will be described

below in the follwing,ordgr withseferensedothe diawindsSehet ween. The affixing
layer & can be formed, for example, as a bonding layer
containing a bond (e.g., a UV~cured resin or a two-liguid
mixed resin) as a main component, or as an adhesive laver
containing an adhesive (e.g., & P3A {Pressure Sensitive
Adhesive)) as a main component. When the affixing laver 6
ig the adhesive laver, a pesl-off layer 7 1ls preferably
further formed on the affixing layer 6. This enables the
optical film 1 to be easily affixed, just by peeling off the
peel-off layer 7, to the adherend, e.g., the wall member 10,
with the affixing layer © interposed therebetween.

From the viewpoint of increasing adhesion between the
second base Sa and one or both of the affixing laver 6 and
the second optical layer 5, the optical film 1 may further
include a primer layer (not shown) between the second base
5a and one c¢r both of the affixing layer 6 and the second
optical layer 5. Also, from the viewpoint cf increasing
adhesion at the above-mentioned location(s), it is
preferable to carry out ordinary physical pretreatment
instead of or in addition to forming the primer layer. The
ordinary physical pretreatment includes, e.g., plasma
treatment or corona treatment.

The optical film 1 may further include a barrier lavyer
(not shown! on one of the incident surface S1 and the rear

surface 352, or between that one surface and the reflecting

- 13 -



1. First embodiment (in which an optical film is formed by arraying asymmetrical triangular pillars in a
one-dimensional pattern) 2. Second embodiment (in which a reflecting layer of an optical film is
exposed on the side including one principal surface of the optical film) 3. Third embodiment (in which
an optical film includes a self-cleaning effect layer) 4. Fourth embodiment (in which the optical film is
applied to a window blind (shade) 5. Fifth embodiment (in which the optical film is applied to a rolling
screen device) 6. Sixth embodiment (in which the optical film is applied to a fitting) <1. Fist
Embodiment>

layer 3. With the presence of the barvier layer, 1t is
possible to reduce diffusion of moisture toward the
reflecting layer 3 from the incident surface S1 or the rear
surface 52 and to suppress deterioration of a metal, etc.
contained in the reflecting layer 3. Accerdingly,
durability of the optical film 1 can be improved.

The optical film 1 may further include a hard coat
layer 8 from the viewpoint of giving the surface of the
optical film 1 with resistance against excoriatiocn,
scratching, etc. The hard coat layer 8 is preferably formed
on one of the incident surface 31 and the rear surface 52 of
the optical film 1, which one is positioned on the cpposite
side to the surface affixed to the adherend, e.g., the wall
member 10. A water-repellent or hydrophilic layer may be
further formed on the incident surface 31 of the optical
film 1 from the viewpoint of providing an antifouling
property, etc. The layer having such a function may be
formed, for example, directly on the optical layer 2 or on
one of wvarious functional layers such as the hard coat laver
8.

The optical film 1 preferably has flexibility from the
viewpoint of enabling the optical film 1 to be easily
‘affixed to the adherend, e.g., the wall member 10. Herein,
the term "film" is to be construed as including a sheet. In

other words, the optical film 1 includes an optical sheet as



[Construction of Optical Film] Fig. IA is a sectional view illustrating one example of construction of
an optical film 1 according to a first embodiment, and Fig. 1b is a sectional view illustrating an example
in which the optical film according to the first embodiment is affixed to an adherend (affixing target).
The optical film 1, as one form of an optical body, 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 includes a first optical layer (substrate) 4 having a first surface in
a concave-convex shape, and a second optical layer 5 having a second surface in a concave-convex
shape. The jntgrface in the optical layer 2 is formed by the first concave-convex surface and the
second concave-convex surfaces, which are arranged to face each other. Stated another way, the
optical film 1 includes thecfinst opticaldayerl4 having acohcawe-convex surfacepthesreflecting layer 3
formed on the concave-convex surface of the first optical layer 4, and the second optical layer 5

formed on fHe retRclifg 17Er3 $o @sfto eMibéd thé BoRBaTELoRPER ShiffatdBirwhich the reflecting
layer 3 is f%mﬁ%%ﬂa_%%&?gk@m} has aq incident syrface; (first pringipal surface) Si on which light,

such as the sunlight, is incident, and a rear surface (second principal surface) 52 which is positioned
on the oppasitenside=to the incident suriace $i.rEHid eptieal filpn T is=suitatily applied 1a yrzner wall
members, outer wall members, wall materials, and so on. Further, the optical film 1 is suitably applied

to a slat (one exdfitd Bf atdttalt-&rating FRembRRtory windowW blindgShade ) afd a0scréén (another
example of the solar_shading member). of a rolli r Vi 0 e optical film 1 is
suitably emr%) §§/1eld1%% 'ar?" 0'r%tic"al%%d%t)ﬁat&1 ?égd?g%gfegd?r% rg%%agﬁr\%l\%éﬁio\%%% |t%9n%%€i‘.e., an interior
member oriar;exterionmembee), sueh asta-shejhle:napapes-nmade andior glasstitted sliding door).
The optical film 1 may further include a first base 4a, when necessary, on the rear surface S2 of the
optical laye? 2 Thelsticet filh e mayFuftheF ffchide a®Se€tdnd basesdahefiFecessary, on the
incident surfa(ﬁ‘%gl ofgjk;ﬁ opltical Iaé/er 2. t‘l;)hecplgti%al film 1 may.further include an ; ffixing layer 6,
affi

d
when neceggary. %e I>§L|ng Ig%r gcljsl%?med on onelgfstﬁe%ng e%%“éﬁ‘&aé)éf%. and thé rear surface

S2 of the opticaltfilm L whish-onanisitoihe sifixediadheadhergnd, e.gna wallitnember d0. Thus, the
optical film 1 is affixed to the wall member 10, i.e., the adherend, with

optical layer 4 and the second optical layer 5, which one is

positioned on the side affixed to, e.g., the wall member 10,

may ccntain an adhesive as a main component. With such a

featurer the optical film 1 can be affixed teo, e.g., the

wall member 10 by direct attachment of the first optical

layer 4 or the second optical layer 5 that contains the

adhesive as a main component.

The optical film 1 is used, for example, in such a way
that it is affixed to the wall member 10 with, e.g., an
adhesive interpcsed therebetween. Examples of the wall
member 10 include architectural wall members for high-rise
buildings, housings, etc. When the optical film 1 is

applied to the architectural wall members, 1t is preferably

applisd to the wall member 10 that is oriented to face in
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the affixing layer 6 interposed therebetween. The affixing layer 6 can be formed, for example, as a
bonding layer containing a bond (e.g., a UV-cured resin or a two-liquid mixed resin) as a main
component, or as an adhesive layer containing an adhesive (e.g., a PSA (Pressure Sensitive
Adhesive)) as a main component. When the affixing layer 6 is the adhesive layer, a peel-off layer 7 is
preferably further formed on the affixing layer 6. This enables the optical film 1 to be easily affixed, just
by peeling off the peel-off layer 7, to the adherend, e.g., the wall member 10, with the affixing layer 6
interposed therebetween. From the viewpoint of increasing adhesion between the second base 5a
and one or both of the affixing layer 6 and the second optical layer 5, the optical film 1 may further

include a primer. '%Yﬂe(@@&%ROWEH_@HV%G&%%‘?C%Q PQ%% 5@11%%@9@&5;?0@%&’{”%% affixing layer 6
and the second optical layer 5. Also, from the viewpoint of increasing adhesion at the

above-mentionét lecation{s); ‘ittis preferable toscayry out oidimary ptaysical pretreatment instead of or in
addition to forming the primer layer. The ordinary physical pretreatment includes, e.g., plasma

treatment of QoI freateAt e aptical it Xmayraither incilidé Bthari8Flayef (not shown) on
one of the ingident surfaee, 51 and the rear surface 32, arbeiweendbat gue surfacsand the reflecting

layer 3. With the presence of the barrier layer, it is possible to reduce diffusion of moisture toward the
reflecting layler B<fromrthedncidéent: surface IS¢ anthe regifsurfaice=32 anelftoestippiess deterioration of a
metal, etc. contained in the reflecting layer 3. Accordingly, durability of the optical film 1 can be
improved. Further, the optical film 1 can be used in combination

with an additional heat-ray cutcff film. For example, a

light absorption coating may be disposed at the interface

between air and the optical film 1 (i.e., on the outermost

surface of the optical film 1}. 3till further, the optical

film 1 can be used in combination with a hard coat laver, an

ultraviclet cutoff lavyer, a surface anti-reflection layer,

atc. When one or more of those functiconal layers are used

in a combined manner, the functional laver(s) is preferably

disposed at the interface between the optical film 1 and air.

Depending on the usage of the optical film 1, the

optical film 1 may be cclored tc have a visually attractive

design. When the visually attractive design 1s given to the

cptical film 1, it is preferable that the second optical

laver 5 abscrbs primarily light in a particular wavelength

band within the visible range to such an extent as not

reducing transparency thereof.

Fig. 2 is a perspective view illustrating the
relaticnship between incident light that is incident on the

optical film 1 and reflected light that is reflected by the
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The optical film 1 may further include a hard coat layer 8 from the viewpoint of giving the surface of the
optical film 1 with resistance against excoriation, scratching, etc. The hard coat layer 8 is preferably
formed on one of the incident surface Si and the rear surface 52 of the optical film 1, which one is
positioned on the opposite side to the surface affixed to the adherend, e.g., the wall member 10. A
water-repellent or hydrophilic layer may be further formed on the incident surface S1 of the optical film
1 from the viewpoint of providing an antifouling property, etc. The layer having such a function may be
formed, for example, directly 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 film J.10he, easily, ;affixed to,the,adherends e:g,, the,wall member 10, Herein, the-term "film” is
to be construed as including a sheet. In other words, the optical film 1 includes an optical sheet as
well. Thelseczondaptical 1ayer 5.piefetalily trastranspareney-tacthe ihéident light. With the second
optical layer 5 having transparency.to the_incident light, the incident light can be directionally reflected
by the refleEfing fayer 3. Hérelrt thé W “Han§larenty” is Gefined 'ds Habing td theanings, i.e., as
not absorbing light apd not scatteding light. When the term irapsparengy” is,ggnerally used, it often
implies the former meaning alone. However, the optical film 1 according to the first embodiment
preferably ks thectransperteacy ik doth: the meahings: e of thenfirst opticaldayer-4 and the second
optical layer 5, which one is positioned on the side affixed to, e.g., the wall member 10, may contain an

adhesive ag alfin compshght: With stich’a fétiife, tReBptichIfilin B TaRBE Afftkedito, e.g., the wall
member 10;by direct gttaghment of the first optical layer. 4 of the sgcoad opfical layer 5 that contains

the adhesive as a main component. The optical film 1 is used, for example, in such a way that it is
affixed to thenwalsmembes A0 with,re.ge farcadkesive interpased Mierepepween skbxamgples of the wall

member 10 include architectural wall members for high-rise buildings, housings, etc. When the optical
film 1 is appligdifFthevarthitBEttafwatt iéfberst itSs pretétabRFapplie o theswal émber 10 that is

oriented to fgce.n; some.direetion wiihin.a fange,Jp farliediap Jom past [0 squthgad further to west
(e.g., within a range from southeast to southwest). This Is bécause, by applying the optical film 1 to the
wall memberi}0 oriented as:mentioned:ahove; the-sunlight cancbe moresffectivelyseflected.

The specific linear line 1l; in the incident surface 51

implies an axis in which the reflection intensity is

maximized in the direction ¢ when the optical film 1 is

rotated about an axis provided by the perpendicular line 1

with respect to the incident surface S1 of the optical film

1 while the incident angle (6, ¢) is held fixed (see Figs.

3A and 3B). When there are plural axes (directions) in

which the reflection intensity is maximized, one of those

axes is selected as the linear line 1. Further, an angle 8

rotated clockwise from the perpendicular line 1, as a

reference is defined as "+8", and an angle 6 rotated

counterclockwise from the perpendicular line 1; is defined

as "-8". An angle ¢ rotated clockwise from the linear line

1, as a reference is defined as "+¢", and an angle ¢ rotated
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Further, the optical film 1 can be used in combination with an additional heat-ray cutoff film. For
example, a light absorption coating may be disposed at the interface between air and the optical film 1
(i.e., on the outermost surface of the optical film 1). Still further, the optical film 1 can be used in
combination with a hard coat layer, an ultraviolet cutoff layer, a surface anti-reflection layer, etc. When
one or more of those functional layers are used in a combined manner, the functional layer(s) is
preferably disposed at the interface between the optical film 1 and air. Depending on the usage of
the optical film 1, 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 the second optical layer 5
absorbs primarily. lightiin apatticular wavelength-hand within the yisible fange tq such an extent as not
reducing transparency thereof. Fig. 2 is a perspective view illustrating the relationship between
incident light that is intident onrthg.opticalifilmil and réflectedright thattis reflected by the optical film
1. The optical film 1 has the incident surface 51 on which light L is incident. The optical film 1

selectively dité&ionsiyFefdcts e FightE éntelii§ thid intidentsttfack Sisattfifieidént angle (0, 0) in
a direction qg@eg_ﬁ@ar}fg%gcgpugﬁect&n direction (-9, 0 +,1800Q), Herejy, Osi&(f?p angle formed by a
. :

perpendicular line 11 with respect to the incident surface Si and the incident light L or reflected light Iw.
Also, 0 is ananglefoarmedvby a specificlinearling:12:in thiesingident surface Gicand. a:component
resulting from projecting the incident light L or the reflected light 18 to the incident surface Si. The
specific lind&F B 2 i theSnEident 8itate ShSmplieR ant&6sm wWhidh te Féffectibi intensity is

maximized ybghergir%gjgorggwhemgpgnogg%aé film I]eisnrgt%t(fgﬁnbpyg g_nbaxi? grovided by the

perpendicular line 11 with reSpect to the incident surface Si 6f the optlcaﬁuﬁ m 1 while the incident angle

(0, 0) is heldtixegh{seekigs. 3/ and-3BWhen thereiareipldral @xes{diwectons) in which the
reflection intensity is maximized, one of those axes is selected as the linear line 12. Further, an angle
0 rotated cl68kwiReiora theetpéndictlar liheM as aeferehesss defihedasd+02ramd an angle 0
rotated counterglockwise romythe perpendicularine 11 is defined ; o, o¢ e

directional reflection is preferably in the vicinity of (8,

-0}. The expression "vicinity" implies that a deviation in

the direction cf 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 direction of the

directional reflection as described above, when the optical

film 1 is affixed to the wall member 10, it can efficiently

return the light incoming from the sky above buildings

standing side by side at substantially the same height

toward the sky above the other buildings. In order to

realize such directicnal reflection, the concave-convex

surface of the first optical layer 4 or the second optical

layer 5 is preferably formed by arraying triangular pillars,

each extending in one direction, in a cne-dimensional
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as "-0". An anglerotated clockwise from the linear line 12 as a reference is defined as "+0", and an
anglerotated counterclockwise from the linear line 12 is defined as A direction 0, in which the
incident light is directionally reflected by the optical film 1 is preferably in the range of -90 or more to
900 or less. On such a condition, when the optical film 1 is affixed to the wall member 10, it can return
the light incoming from the sky toward the sky. When there are no high-rise buildings in the
surroundings, the optical film 1 directionally 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 (O,
The expression "vicinity" implies that a deviation in the direction of the directional reflection is

preferably \%jmiaéfgegreﬁﬁe ”1‘1{%}%%%@9%%”&3 fegrees, and;even gmorg, preferably within 2
degrees with respect to (0, -0). The reason is that, by setting the direction of the directional reflection
as describef abéve, whem the: optidalditmetlisi affixed 1o ¢he wall memben 10, it tan éfficiently return the
light incominlg from the sky above buildings standing side by side at substantially the same height

toward the SKy AboVe TE BRETBTIdHGS: 1A ofdEPfo rAA%iz€ stiEnh diredtiohafretlection, the
concave-convex %q{gag%ggggggystig%g%alilgygr% oL P&%%@CQ{HQBQ‘@A%‘E‘LW is preferably formed by

arraying triangular pillars, each extending in one direction,’in a one-dimensional
reflected by the optical film 1 in a direction in the
vicinity of the direction of retroreflection. In other
words, the direction of the reflection of the light incident
cn the incident surface S1 at the incident angle (B, ¢) is
preferably in the vicinity of (8, ¢). The reason is that
when the opitical film 1 is affixed to the wall member 10, it
can return the light incoming from the sky toward the sky.
Herein, the expression "vicinity" implies that a deviation
in the directicn of the directional reflection ls preferably
within % degrees, more preferably within 2 degrees, and even
more preferably within 2 degrses. By setting the direction
of the directional reflection as described above, when the
optical film 1 is affixed to the wall member 10, 1t can
efficlently return the light incoming from the sky toward
the sky. In the case of, e.g., an infrared sensor or an
infrared image pickup device where an infrared light
emitting unit and a light receiving unit are arranged
adjacent to each other, the direction of retroreflection 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

_19_



pattern. The light incoming in the direction (0, 0) (-90 < 0 < 90) can be reflected in a direction (0, -0) (O
< 8 < 90) in accordance with a slope angle of the pillars. The incident light is preferably directionally
reflected by the optical film 1 in a direction in the vicinity of the direction of retroreflection. In other
words, the direction of the reflection of the light incident on the incident surface Si at the incident angle
(0, 0) is preferably in the vicinity of (0, 0). The reason is that when the optical film 1 is affixed to the
wall member 10, it can return the light incoming from the sky toward the sky. Herein, the expression
"vicinity" implies that a deviation in the direction of the directional reflection is preferably within 5
degrees, more preferably within 3 degrees, and even more preferably within 2 degrees. By setting the

direction of the directional reflection asdescribed-ahove. when the epticaldilm:kis-affixed to the wall
member 10, it can efficiently return the light incoming from the sky toward the sky. In the case of, e.g.,
an infrared sensbr or ahinfrarbdéintages pickup tdevice where an infrared light emitting unit and a light
receiving unit are arranged adjacent to e%%h og:h.et{, tht%girection §f retgco.r(elgtictjton ies to5be set aligned

with the incident dit&ctioh” How vtelr(,:\?v%en geensmg ina spse%ﬁf%n iréction is NG a|%.'J3tf=3rf'f)rm"ed as in the

embodiments of the presenttechnology.thedirggtion,of- setoreflection anddbe ingident direction may
be set not so exactly aligned with each other. The first optical layer 4, the second optical layer 5,
and the reflecting layeri3, whieh@onstitute ¢the opticakfiliet awvill be desceribed in more detail below.
(First Optical Layer and Second Optical Layer) The first optical layer 4 serves to, for example,

support and Protact e refretting 1ayer s The first dpticariafer 498 fidde of a layer containing, e.g., a
resin as a main cempopept from, the-viewpoint,of giving.fbe opticakflm d.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-convexcstirfacelfirstcsurface) hEhe edflectingrlayér 3 4 farmed ba thé tonhcave-convex surface
of the first optical layer 4. . o _

optical layver 4 is made of a layer containing, e.g., a resin

as a main component from the viewpoint of giving 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 1ls 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 layer 5 serves to protect the

reflecting laver 3 by embedding the first surface {concave-

convex surface} of the first optical layer 4 on which the

reflecting layer 3 is formed. The second optical layer 5 is

made of a layer containing, e.g., a resin as a main

component from the viewpoint of giving the optical film 1

with flexibility. For example, one of two principal

surfaces of the second optical layer 5 is a smcoth surface

and the other is a concave-convex surface {second surface).

The concave-convex surface of the first optical layer 4 and
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The second optical layer 5 serves to protect the reflecting layer 3 by embedding the first surface
(concave-convex surface) of the first optical layer 4 on which the reflecting layer 3 is formed. The
second optical layer 5 is made of a layer containing, e.g., a resin as a main component from the
viewpoint of giving the optical film 1 with flexibility. For example, one of two principal surfaces of the
second optical layer 5 is a smooth surface and the other is a concave-convex surface (second
surface). The concave-convex surface of the first optical layer 4 and the concave-convex surface of
the second optical layer 5 are reversed to each other in a concave-convex relation. The second
optical layer 5 has transparency to the incident light so that the incident light is directionally reflected

by the reflecting layer 3, Ihe second.aptical layer 5 may. be transparent or Oi%&?- Namely, it may be

optionally transparent or opaque depending on the desired characteristics of optical film 1. The
concave-camnwvex istifacecofdhelfirsttoptical layerdbisdformedy foreexarapler byra. plurality of
asymmetrical triangular pillars 4c that are arrayed in a one-dimensional pattern. The concave-convex

surface of the se Gptrcaldayt 5 isafbrm@d S forexHipler by SPEILFAIRY of asyhfnetrical triangular
pilars S that are atrayeti.a gne-dimensional patisr. Becayse the tiabgulay pilars c of the first
optical layer

optical layer 4 and the triangular pillars Sc of the secon 5 differ only in that the
concave-corwex ¢elationds reversedideacinethesthe llowingsdescriptiondstnade just about the
triangular pillars 4c of the first optical layer 4. In the optical film 1, an array pitch P of the triangular
pillars 4c isigtEferablyiot $ifialféiPthanss Rintard noPfarger thahs'Pam; miorelBréféiably not smaller

than 5 km and smaller inan. 250 k. and even mors preferably,not smaler than 20 ki and not larger
than 200 km: If the arra3§/ pltcﬁ%)oFt%e trlangu?arqpll ars 4¢ is smaller than 5 ?am, it IS 'generally difficult
to form the &iangidaepilars 46 of the optical film 1.
The concave-convex surface of the first optical laver 4
is formed, for example, by a plurality of asymmetrical
triangular pillars 4¢ that are arraved in a one-dimensional
pattern. The concave-convex surface of the second optical
layer 5 is formed, for example, by a plurality of
asymmetrical triangular pillars 5c that are arrayed in a
one-dimensional pattern. Because the triangular pillars 4c
of the first optical layer 4 and the triangular pillars 5c
of the second optical layer 5 differ only in that the
concave-convex relation is reversed to each other, the
following description is made just about the triangular
pillars 4c of the first optical laver 4.
In the optical film 1, an array pitch P of the
triangular pillars 4c is preferably not smaller than 3 um
and not larger than 5 mm, more preferably not smaller than 5
um and smaller than 250 um, and even more preferably not

smaller than 20 um and not larger than 200 um. If the array
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in the desired shape. On the other hand, if the array pitch P of the triangular pillars 4c exceeds 5 mm,
a necessary film thickness is increased and flexibility is lost from the optical film 1 when the shape of
the triangular pillars 4c necessary for the directional reflection is taken into consideration, thus causing
a difficulty in affixing the optical film 1 to a rigid body, such as the wall member 10. Further, by setting
the array pitch P of the triangular pillars 4c to be smaller than 250 wit, flexibility is increased to such an
extent that the optical film 1 can be easily manufactured in a roll-to-roll manner and batch production is
not necessary. When the optical body (film) according to the embodiment of the present technology is
applied to building components such as wall members, a length of about several meters is necessary
for the opticalhodyx(filre) and reli-fa-ell pradyction-is mare suitahle than-the.hatch preduction. By
setting the array pitch P to be not smaller than 20 pl and not larger than 200 pm, productivity can be
further increased: gerkheshapel of thiestriangutarisilfarstéecformed o e spiface of tHe first optical
layer 4 is not limited to one type, and the triangglar pillars 4c may lz% formed in %)Iural_sh%)es on the

surface of th firéfopticat A3ARRen e i hgUAFBilla 4t are fotmiedtin pidiral Shapes on the

surface of the first-pptical Jayer 4,.a-predetermined patterpdaclyding the plural shapes of the triangular
pillars 4c may be cyclically repeated. As an alternative, the plural shapes of the triangular pillars 4c

may be formethatrandene fron-cyclicaliyrdeperdirg Orethetdesired diraraetaristics thkigs. 3Ais a
perspective view illustrating an example of shape of the triangular pillars formed in the first optical

layer, and Fig=38%¢ a'dectiohat Vg fiftStrafing antdxdmipletoreoniititfioR of the dpfital film including
the first 09@?@&@%&&%@ the trignaular pillars lustrated:in.Fig s34 are.formed. The triangular

pillars 4c are each in the form of an asymmetrical triangular pillar extending in one direction. The
triangular piltars 4c-aretarcayed-side byesigérn aneddifection] t.e.,in asdife-dimensional pattern. With
the triangular pillar 4c having such a shape, the incident light can be returned toward the sky after

being refle@Bd orite drithice. ACcdtdinty: Gn’eomiparfEsmwit thd 8a¥é bf USRI ESMer cubes where
the incident_EILi]thEtijl% ];e’tué@eg &yl%gk)éggegpg%g rg{l@ghe_dgth(g%e {igéeslmggg&qugg of light absorbed

by the reflecting layer 3 Can be reduced and heat generation can be suppresSed. Since the reflecting
layer 3 is fasmerken the: triangularspilans4c,ithereflectingnlayel S:hasi thersame shape as the surface
shape of the triangular pillars 4c.

increased to such an extent that the optical film 1 can be

easily manufactured in a roll-to-roll manner and batch

production is not necessary. When the optical body (film}

according to the embodiment of the present technolegy is

applied to bullding components such as wall members, a

length of about several meters 1s necessary for the optical

body (film) and roll-to-rcll production is more suitable

than the batch production. By setting the array pitch P to

be not smaller than 20 pum and not larger than 200 um,

productivity can be further ilncreased.

The shape of the triangular pillars 4c formed on the
gsurface of the first optical layer 4 is not limited tc one

type, and the triangular pillars 4c may be formed in plural

shapes on the surface cof the first optical layer 4. When
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As illustrated in Fig. 3A, the triangular pillars 4c are each a triangular pillar having an asymmetrical
shape with respect to a line 11 perpendicular to the incident surface Si or the rear surface S2 of the
optical film 1. In such a case, a principal axis 1, of the triangular pillar 4c is inclined from the
perpendicular line 11 as a reference in a direction a in which the triangular pillars 4c are arrayed side
by side. Herein, the principal axis 1, of the triangular pillar 4c represents a linear line passing a
midpoint of a bottom side of the triangular pillar and an apex of the triangular pillar in a cross-section
thereof. When the optical film 1 is affixed to the wall member 10 arranged substantially vertically to the
ground, the principal axis 1, of the triangular pillar 4c is inclined to the upward side (sky side) or the
downward sige (graund;side) of the wall member 16-framitheperpgndiculardines11 asia.reference. In
the example illustrated in Fig. 3B, the principal axis 1, of the triangular pillar 4c is inclined to the
downward side{grourit side? of the wallrhémber 1yeomithespearpeddicutarlimedl 1 as a reference.
Fig. 4Ais an enla%ed,sectional view iIIustratin?\,/in enlarged scale, a part of the optical film illustrated

in Fig. 3B, AAd Fig. 4B 15"an ehisrgedseetioharvisir st &ind; i entarged'stale, the reflecting layer

illustrated ig Fig.-38. ke triangidarpilar 4¢ has a-first sloped surface, Spl and.a.second sloped surface
Sp2 each providing a triangular pillar surface, i.e., a film formed surface, on which the reflecting layer 3

is formed. \Whencthe:opticahfile 4 is affixed tortheradtierend; élg: rthedwathmembert 20pthe first sloped
surface Spl becomes a surface directing the upward side (sky side), and the second sloped surface

3p2 becoms &80 AL i8Ry the: downward SRIE fgrodnd sidd)s 15 fife-fotdwing description, film
thicknesses.of the-reflecting layer 3 formed on the first sloped surface Spl and the second sloped
surface 3p2 are called a first film thickness dl and a second film thickness d2 of the reflecting layer 3,
respectively. The ¢riartgulas pilap 4chascar apexangle althatissfotrmeddry thesfirst sloped surface
Spl and the second sloped surface Sp2, and a slope angle p of the first sloped surface Spl with
respect to thé iRCiERAt ShrficE Stbr Ihe redrsuiface’ 32, TreEfspelandie provides a slope angle at

which the aptical fim 1.s inclined.fo,the upward.side (sky, side) when.the optical fim 1 aifixed to the

adherend, e.g., the wall member 10. The optical film 1 is affixed to the adherend, e.g., the wall
member 1G:ar abuiding, it such arstaterthat thef slope angle g:of theltriangulaspiltey 4mis positioned
upward of the apex angle a thereof. The apex of the triangular pillar 4c may be rounded to have a
curvature radits R OWherfdn apek pottiori ot fHe friahgtifarpifarad irobheied to have a curvature

e I LA S8 5 koAl 1y e g stces)
4c are each in the form of an asyumetrical triangular pillar
extending in one direction. The triangular pillars 4c are
arrayed side by side in cne direction, i.e., in a one-
dimensional pattern. With the triangular pillar 4c having
such a shape, the incident light can ke returned toward the
sky after being reflected once or twice. Accordingly, in
comparison with the case of using corner cubes where the
incident light is returned to the sky after being reflected
three times, the amount cf light absorbed by the reflecting
layer 3 can be reduced and heat generation can be suppressed.

Since the reflecting layer 3 is formed on the triangular

pillars 4c, the reflecting layer 3 has the same shape as the
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The apex angle a and the slope angle p satisfy the following formula (1) or (2) and preferably the
following formula (3) or (4). By satisfying one of those formulae, a higher upward reflectance can be
obtained. 30 .5. p4.5a - 285 (70 Lc. a LC. 80).11) 30p-1.5a + 195 (80a 5._ 100)_(2) 30pa - 40
(70a80)_(3) 30p-a + 150 (80a :5_100) (4) The first film thickness dl and the second film thickness d2
are preferably substantially the same. However, the first film thickness dl and the second film thickness
d2 may differ from each other as long as the following condition is satisfied. Herein, the expression
"substantially the same" implies that a proportion of the first film thickness dl to the second film
thickness d2, i.e., ((dl/d2) x 100) [%], is 20% or less.On such a

surface shape of the triangular pillars 4c.

As illustrated in Fig. 3A, the triangular pilllars 4c
are each a ifriangular pillar having an asymmetrical shape
with respect to a line 1; perpendicular to the incident
surface $1 or the rear surface 852 of the optical fiim 1. 1In
such a case, a principal axis lp of the triangular pilllar 4c
is inclined from the perpendicular line 1; as a reference in
a direction & in which the triangular pillars 4c are arrayed
side by side. Herein, the principal axis l, of the
triangular pillar 4c represents a linear line passing a
midpeoint of a bottom side of the triangular pillar and an
apex of the triangular pillar in a cross-section thereof,
When the optical film 1 is affixed to the wall member 10
arranged substantially vertically te the ground, the
principal axis 1, of the triangular pillar 4c is inclined to
the upward side (sky side) or the downward side (ground
side} of the wall memper 10 from the perpendicular line 1,
as a reference. In the example illustrated in Fig. 3B, the
principal axis 1, of the triangular pillar 4c¢ is inclined to
the downward side {ground side) cf the wall member 10 from
the perpendicular line 1; as a reference.

Fig. 4A is an enlarged sectional view illustrating, in
enlarged scale, a part of the optical film illtustrated in
Fig. 3B, and Fig. 4B is an enlarged sectional view

illustrating, in enlarged scale, the reflecting layer
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condition, because reflection performances of both the sloped surfaces are almost equal, it is possible
to solve not only the problem of light transmission caused by the fact that the film is too thin, but also
the problem of color floating caused by the fact that the film is too thick. When the first film thickness
dl and the second film thickness d2 differ from each other, smaller one of the first film thickness dl and
the second film thickness d2 is preferably 10 nm or more and more preferably 20 nm or more. If the
smaller film thickness is less than 10 nm, performance of total reflection is degraded and the upward
reflectance is reduced. The first optical layer 4 preferably contains, as a main component, a resin
of the type exhibiting a small reduction in its storage (elastic) modulus at 100C and not providing a

significant difference.inesoragesmoduliss betwaen 25¢.and 100G in more detai, the first optical layer
4 preferably contains a resin having the storage modulus of 3 x 109 Pa or less at 25C and the storage
modulus off3ix 407=RaprincrerdtztG0CThe fitstopticablayes 4dp preferabblyanade of one type of
resin, but it may contain two or more types of resins. Further, the first optical layer 4 may be mixed

with an ad L \PHER hECESsty °F * WHEH e Riftst opticalalar 4 contéins, &s &'mi&in component, the
resin of the £ype exhibiting asmall redpction.ipdts,storage modulus,at-180¢ andnatproviding a

significant difference in storage modulus between 25C and 100C as described above, the first optical
layer 4 canvgubstant@allypnaimtdin thénnterfaceshapecas per desigadherend, e.4g.,

the wall member 10, the first sloped surface 3pl becomes a

surface directing the upward side (sky side}, and the second

sloped surface SpZ becomes a surface directing the downward

side (ground side}. In the feollowing description, film

thicknesses of the reflecting layer 3 formed cn the first

sloped surface Spl and the second sloped surface SpZ are

called & first film thickness dl and a second film thickness

d2 of the reflecting laver 3, respectively.

The triangular pillar 4c has an apex angle o that is
formed by the first sloped surface Spl and the second sloped
surface Sp2, and a slope angle B of the first sloped surface
Spl with respect to the incident surface 51 or the rear
surface S2. The slope angle P provides a slope angle at
which the optical film 1 is inclined to the upward side (sky
side) when the optical film 1 is affixed to the adherend,
e.g., the wall member 10. The optical film 1 is affixed to
the adherend, e.g., the wall member 10 or a bullding, in
such a state that the slope angle B of the triangular pillar
4 is positioned upward of the apex angle o therecf. The

apex of the triangular pillar 4c may be rounded to have a
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even when a process under application of heat or both of heat and pressure is carried out after forming
the concave-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 100C and providing a significant difference in storage modulus between 25C and
100C, the interface shape is deformed from the designed shape to such a large extent that the optical
film 1 may be curled. = 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 also a process in
which temperature at the surface of a formed film is locally raised and heat is indirectly applied to the
film surface; for.examples gdyring farmaiion of a-thin il and.dusingeuring. ot a resig.composition, and a
process in which the temperature of a mold (die) is raised upon irradiation with an energy ray and heat
is indirectlyraipplied tdthéopticahfind Furthery the effectvresulting-frarmurestrictingethernsimerical range
of the storage modulus as described above is not limited t%thefcase SEI the particular type of resin
and can be ri:‘r%rﬁﬁrly(} obtaifigd Wheh ﬁ?hgflmgﬁl%l%tlig fesih?a thérmase tiné9 redin, Shdan energy-ray
iradiation regineused. £ 5 cJhe %@@9@3&@% of the-first ppticallayer 4 canhe-confirmed, for
example, as follows. When the surface of the first optical layer 4 is exposed, the storage modulus of
the first optical tayer «icair bercorfirmed bynmeasuviagithe steragesmddulus of the exposed surface
with a micro-hardness tester. When the first base 4a, etc. are formed on the surface of the first optical

layer 4, the storage‘fhdtitficis BFthecfifst Dptica ISy Sr4RanBE confiriad by peeling off the first base

4a, etc. to make the syrfaceof the first opticablayer 4 exposed,and then measwing,the storage
modulus of the exposed surface with a micro-hardness tester. A reduction in the storage modulus

at high temperatuies ¢an bersuppresserl; fonexarfipie; by-a methodrof s« usting; kag., the length and
the kind of a side chain when the thermoplastic resin is used, and by a method of adjusting, e.g., the

number of HOSEShKIFY BOMtS Shd Té MBIBCGRAT stEchite BF 6 oss-linking agent when the

thermosetting resgrbogtkfg engrgyzray iéréagia(ti%] esin is g@gd. However, it i§>preferable that the
characteristics demanded for the resin material itself are not degraded with such a structural change.

Depending on thestype ¢f the-cross-linkingcagent, foroexample) the storage imodulus at about room
temperature may be increased to such an extent that a resin film become%b)rittle, or that the resin film

is curved or curled due # frfe shfifkdgé. fis* thefEtore,

30 £ B £ ~a + 150 (80 £ o £ 100} w4

The first film thickness dl and the second film
thickness d2 are preferably substantially the same. However,
the first film thickness dl and the second film thickness dZ
may differ from each other as long as the following
condition i1s satisfied. Herein, the expression
"substantially the same" implies that a proportion of the
first film thickness dl to the second film thickness dZ,
i.e., ({di/d2) x 100} [%], 1s £ 20% or less. On such a
condition, because reflection performances of both the
sloped surfaces are almost equal, it 1s possible to sclve
net only the problem of light transmissicn caused by the

fact that the film is too thin, but also the problem of
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preferable to properly select the type of the cross-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 contains, as a main component, a resin having the glass transition point
higher than a maximum temperature during a manufacturing process and exhibiting a small reduction
in the storage modulus at the maximum temperature during the manufacturing process. On the other
hand, if a resin haying the glass transition point in the range of the room temperature 25C 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 intetfage shapgasrper.design durpg themanufagiiring:precess.
When the first optical layer 4 contains a noncrystalline (amorphous) high-polymeric material as a main
componentyitgprefarabliicoritains] as @nmaimeompbhentda tésin fravingitheldelting point higher than
the maximum temperature during the manufacturing process and exhibiting a small reduction in the

storage molufisdftie fraxitiameentgeratdid duriny e maRGfactaring prédess ©n the other hand, if

aresin haying the mpelting poinfin.te range.of theroom.iemperatyre:2nC o the maximum
temperature during the manufacturing process and exhibiting a large reduction in the storage modulus

at the maximunfii¢eripeyatube :during themanufdcturirng procéssad Uged La difficultynoceurs in
maintaining the ideal interface shape as per design during the manufacturing process. Herein, the

expression *maxifuRt fenmparatdredGing e Aranttactiring Proteds” iffblies a maximum
temperaturg af (e concave-copvex surfage (fist su rfﬁge)i%g?dfgét Qﬂﬁcaéﬂ@y%%%gklﬁng the

manufacturing process. Preferably, the second optical layer™s also satisfies the above-mentioned
numerical raage«fthe storagesmadukus.and the above-mentioned temperature range of the glass
transition point.
The first optical laver 4 preferably contains, as a
main component, a resin 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 100°C. In more detail, the first optical
layer 4 preferalbly 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 laver 4 is
preferably made of one type of resin, but it may contain two
or mere 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 type exhibiting a small
reduction in its storage modulus at 100°C and not providing
a gignificant difference in storage modulué between 25°C and

100°C as described above, the first optical layer 4 can

substantially maintain the interface shape as per design
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Thus, at least one of the first optical layer 4 and the second optical layer 5 preferably contains the
resin having the storage modulus of 3 x 109 Pa or less at 25C. On such a condition, the optical film 1
can be given with flexibility at the room temperature 25C and can be manufactured with the roll-to-roll
process. The first base 4a and the second base 5a have transparency in an exemplary case. Each
base is preferably in the form of a film 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 the second base 5a can
be each formed by using, e.g., general high-polymeric materials. Examples of the general
high-polymeric materials include triacetylcellulose (TAO), polyester (TPEE), polyethylene terephthalate
(PET), polyimide (Bl polyamide. (PA), asarid, polyethylene (PE), polyagtylate, polyethersulfone,
polysulfone, polypropylene (PP), diacetyl cellulose, polyvinyl chloride, acrylic resin (PMMA),
polycarbonate:(PG)@poxyaesin: uiea resin igethane sdsirradd melaminéeesinnHowever, the
materials of the first base 4a and the second base 5a are not limited to the above-mentioned particular

examples. TRE TREkTESS BF8adlt of fHe first bass 4a”and tie 5&E6id Babe BalisFréfdrably 38 to 100
ym from the,viewpoint.of produgtivity, put itis pof limited to such a particular range, The first base 4a

or the second base 5a is preferably transmissive to an'energy ray. The reason is that when the first
base 4a or thezseecondbasebatis teansmissiveio @reengtyy rayhah enengy-#ay eurgble resin
interposed between the first base 4a or the second base 5a and the reflecting layer 3 can be cured, as

described |&6eF 5y irPddiafing e %E@@H%W&ﬂ‘éb}ésré’ﬁn With thegitergy ¢y Fomd the side including
(he frst base da or I secana basena. 4 Thedistaplicallayser apddlg speopd apfical layer 5

have transparency in an exemplary case. irst optical layer 4 and the second optical layer 5 are
each obtainexy; for, examaple, ty-clring aresin compesitemsAs the resin ompasition] an energy-ray
curable resin capable of being cured upon irradiation with light or an electron beam, or a
thermosettiig3B8in‘capabie of befitFEurRdiion application oftieatds piefefablyidédifom the
viewpoint o{f:gg%iep Ss in production. 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 compositionreapahle ©f beinghewred:yipan irkadiation with-an ultravieleteynistnestigreferable.

a process of directly applying heat to the optical film 1 or
ceompenents thereof, such as annealing, but also a& process in
which temperature at the surface of a formed film is locally
raised and heat is indirectly applied to the film surface,
for example, during formation of a thin film and during
curing of a resin composition, and a process in which the
temperature of a mold (die} is raised upon irradiation with
an energy ray and heat is indirectly applied to the optical
£ilm. Further, the effect resuliing from restricting the
numerical range of the storage medulus as described above is
net limited to the case using the particular type of resin
and can be similarly obtained when a thermoplastic resin, &
thermosetting resin, and an energy-ray irradiation resin are

used.
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From the viewpoint of increasing adhesion between the first optical layer 4 or the second optical layer
5 and the reflecting layer 3, the resin composition preferably further contains a compound containing
phosphoric acid, a compound containing succinic acid, and a compound containing butyrolactone. The
compound containing phosphoric acid may be, e.g., (meth)acrylate containing phosphoric acid,
preferably a (meth)acryl monomer or oligomer having phosphoric acid in a functional group. The
compound containing succinic acid may be, e.g., (meth)acrylate containing succinic acid, preferably a
(meth)acryl monomer or oligomer having succinic acid in a functional group. The compound containing
butyrolactone may be, e.g., (meth)acrylate containing butyrolactone, preferably a (meth)acryl
monomer or oligomgr having butyrolactane in-a-fuyactional graup.; The ultraviolet curable resin
composition contains, e.g., (meth)acrylate and a photopolymerization initiator. The ultraviolet curable
resin composition may furtlver eorstam, svhersnécdssary,. a plioto:stabtlizerrd dlame fetardant, a
leveling agent, and/or an anti-oxidant. ~ As the acrylate, a monomer and/or an oligomer having two or

more (meth)a&ioytgrdips i&ﬁﬁé?éra%lﬁﬁs@&.ﬂ?ﬁ&ﬂpl@&f SUch & FoMSriB - aRdfor ofigdmer include
urethane (methjacrylate epoxy. (methyacrylate, polyester (meth)acrylate, polyol (meth)acrylate,

polyether (meth)acrylate, and melamine (meth)acrylate. Herein, the term "(meth)acryloyl group”
implies an acryloyd graupiol asmethachy oykgrosipd The:tesme< oligames” used hereindmplies a molecule
having molecular weight of 500 or more to 60000 or less.  The photopolymerizat on initiator used
here can bé §8ietted, 48*appropfiate, oM EiGng Yeneral-maictials A€ examplésof the general

materials, henzpphengne derivalives, agaiophenane deriyatives, anthraguingne derivatiyes, etc. can

be used alone or in combination. An amount of the photopolymerization initiator mixed is preferably
0.1% by mass:ormote anck10%1by mass or less obthe-sakd epntent f the:amount of the
photopolymerization initiator mixed is less than 0.1% by mass, photo-curability is reduced to such a
level as beirgthot stitabke fst iddustfiaFprdductislifromtheé practical pbintist view sOn the other hand,
if the

optical layer 4 exposed, and then measuring the storage
modulus of the exposed surface with a micro-hardness tester.
A reduction in the storage modulus at high temperatures
can be suppressed, for example, by a 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,
&.d., the number of cross—linking points and the molecular
structure of a cress-linking agent when the thermosetting
resin or the energy-ray ilrradiaticon resin 1s 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-
linking agent, for example, the storage modulus at about
room temperature may be increased to such an extent that a
resin film beccomes brittle, or that the resin film is curved

or curled due to large shrinkage. 1t is, therefore,
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amount of the photopolymer zation initiator mixed exceeds 10% by mass, an odor tends to remain in a
formed coating when an amount of light emitted for the irradiation is insufficient. Herein, the term "solid
content" implies all components constituting the first optical layer 4 or the second optical layer 5 after
being cured. The solid content includes, for example, the acrylate, the photopolymerization initiator,
etc. Preferably, the resin has such a property that a structure can be transferred to the resin upon,
e.g., irradiation with the energy ray or application of heat. Any type of resin, including a vinyl-based
resin, an epoxy-based resin, a thermoplastic resin, etc., can be used as long as the resin satisfies the
above-described requirements for the refractive index. The resin may be mixed with an oligomer to
reduce curipgshripkage. Thegesinspay fulthercontain, &,g. Poliseeyanale s a guring agent. In
consideration of adhesion between the first optical layer 4 or the second optical layer 5 and the
adjacent layerstite desinmay: pedurthee mixed: withdsuitable oheorshoresof monomers having a
hydroxyl group, a carboxyl group and a phosphoric group; polyols; coupling agents such as carboxylic

acid, silane, alumifitih aneftithniuih; 8R4 Various Bhefatingagerts hé r&sifCompdsifion preferably

further containg,a,crogsinking,agent: In pasicular, acycligcross-inking agentis.preferably used as
the cross-linking agent. By using the cross-linking agent, the resin can be made heat-resistant without

greatly changing:thesstorsge:moslutus:atethenraom temperaturé df-thegstoragey irodulus at the room
temperature is greatly changed, the optical film 1 may become brittle and a difficulty may occur in

fabricating the*bptidat FmPLwith thé $6f%o-r8R Précdss EXAhpleL T the gy i trosedinking agent
include dioxaneglycal diacrylate, fricyclodecanedimathangl diacrylate, jricyclodegcanedimethanol

dimethacrylate, ethylene oxide-modified isocyanurate diacrylate, ethylene oxide-modified isocyanurate
triacrylate, and capsaelagtonesmodifiedatris{aeryloxyethyl) isecyanurate.e diRreferabhe the first base 4a
or the second base 5a has water vapor permeability lower than that of the first optical layer 4 or the
second opticallayet 52 fedpedtiveRE For examplécwhehthe #réCaptical fayet #is foffied by using the

energy-ray @Héablﬁafggnme' .quiefggngha%}&l]atlen tk%%grsftg)r@@sg 4a.is preferably formed by using a resin

having water vapor permeability lower at of the first optical layer 4 and being transmissive to the
energy ray t&@opalyeihyleneterephtbalate 4R Efh-As avesuli - diffusion-ofmoistere into the reflecting
layer 3 from the incident surface S1 or the rear surface S2 can be reduced and deterioration of a
metal, etc. CoRtaistlinrthedeREehig fayerd ca bk Subpifessed: HEnceE GiFabifity éfthe optical film 1

can be improved, Note that the water vapor permeability of PET having a thickness,of 75 Km is about
10 g/mZ/da%/Q_‘zioa‘?%oz%jﬁi_ﬁnOghwus ata t{lg max1murry gemperapur% durlng ie

manufacturing process is used, a difficulty occurs in
maintaining the ideal interface shape as per design during
the manufacturing process.

When the first optical layer 4 contains a non-
crystalline (amorphous) high-polymeric material as a main
component, it preferably contains, as a main component, a
resin 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 the manufacturing process. On the other
hand, if a resin having the melting point in the range of

the room temperature 25°C to the maximum temperature during
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Preferably, at least one of the first optical layer 4 and the second optical layer 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 optical layer 5. More preferably, both the first optical layer 4 and the second
optical layer 5 contain a phosphoric compound (e.g., phosphoric ester), and the content of the
phosphoric compound differs between the first optical layer 4 and the second optical layer 5. The
difference in the content of the phosphoric compound between the first optical layer 4 and the second
optical layer 5 is preferably two or more times, more preferably five or more times, and even more
preferably ten or more times.  When at least one of the first optical layer 4 and the second optical
layer 5 contaips the-phesphoric.compauad.the reflecting layer 3 preferably canfains ap oxide, a
nitride, or an oxynitride in its surface contacting with the first optical layer 4 or the second optical layer
5 that contaims tire:phosplaric compoundalt is particutarhynpreferable shatthedeftecting:layer 3
includes a layer, which contains zinc oxide (Zn?ﬁi}:r niobium oxide, in its surface contacting with the

first optical T&y/er Z6rthe SEEontistical fayet Bthat Softdind the pRoSFRONE cdfpound. Such a
feature is effgctive, injncreasing aghesion hetween the firstopticgl layer 4 or the second optical layer 5

and the reflecting layer 3. Another reason is that an anticorrosion effect is increased when the
reflecting layee 3rcontdias aumetal, suchassAg. Additionally, the reflecting layer 3 may contain a
dopant, such as Al or Ga. The reason is that the dopant improves film quality and smoothness when a
metal oxide layer iEfothied By %, §RpUtRHAD. "MOEIGHIThE SRRGFSIRt 6EgVitg e éftical film 1, the

wall membey.10: Sle. With avisuall.atractiye desion, of leas|

tone. Ir%e first optical layer 4 and the
second optical layer 5 preferably has a char I%QIAI-’I]Q %g tina Bérticurar”wgvelength band

within the visibleaaagecApigment dispersed. insthesiesin may be either anasganietpigment or an
inorganic pigment. In particular, an inorganic pigment having high weatherbility in itself is preferable.
Practical exahif5iEs bf the inctghAR Figheht fnclide ZirebReYray (CBY aha Nikdoped-2£Si04),

praseodymium yellow (Pr-d e(g Z1Si04), chrome-titania yellow (Cr- and Sbdoped TiO2 or Cr- and
W-doped Ti’so@zﬁg chron eEQrcea(()aJ?\ s%%ﬁraSSOraZ‘OSﬁ, Sgaé"g’c@éae“ﬁéoiﬁf&il@ﬁ%gﬁﬁgmia green ((Al,

Cr)202), degp:kiue {€00-Al20:Si02): Manadivmr-gisconigm bies (V-dapediZs$i04), chrome-tin pink
(Cr-doped Ca0.Sn02.3102), manganese pink (Mn-doped Al203), and salmon pink (Fe-doped ZrSiO4).
Examples 6fthé brganic piginent inehfde anst cbasetspigment ahdza phthatecyzmine pigment.

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
condition, 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.

The first base 4a and the second base 5a have
transparency 1in an exemplary case. FEach base ls preferably
in the forxm of a film from the viewpoint of giving the
optical film 1 with flexibility, but the form of the base 1is
not particularly limited to the film., The first base 4a and
the second base 5a can be each formed by using, e.g.,

general high-pelymeric materials. Examples of the general
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(Reflecting Layer)  The reflecting layer 3 is, for example, a highly reflecting layer that directionally
reflects the light L entering the incident surface Si at the incident angle (O, 0) in a direction other than
the specular reflection direction (-0, 0 + 1800) (see Fig. 2). The reflecting layer 3 is formed of, e.g., a
metal film having a high reflectance that is preferably 30% or more at a wavelength of 1500 nm. The
reflecting layer 3 may contain, as a main material component, Au, Ag, Cu, Al, Ni, Cr, Ti, Pd, Co, Si, Ta,
W, No or Ge alone, or an alloy containing two or more selected from among those elements, for
example. Of those examples, Ag-, Cu-, Al-, Si- or Ge-based materials are preferable in consideration
of practicability. To retard corrosion of the reflecting layer 3, an additional material, such as Ti or Nd, is

preferably mixad inthe metal layer, Fulther.;a, metalnitride.layer, ¢an be made ofrg g, TiN, CrN or

WN. A thickness of the reflecting layer 3 can be set to the range of, e.g., 10 nm or more to 200 nm or
less. Howeyet], the fitm thickness of the, reflectingdayerr3 isnnotlimited tetitat,range as long as a high
reflectance is obtained. [Function of Optical Film Figs. 5A and 5B are each a sectional view to

explain one”Example st funttiont tiébptigal fith. Asetatedin Fg A L fieesuiight L entering the

optical fim 3.J3 directjonaly refleted hy.be refleaing javsr 3 tpward tie sk in.a substandally reversed

relation, for example, in a direction almost réversed to the direction of the inci ent ight.
(PP}, diacetyl cellulose, polyvinyl chloride, acrylic resin
(PMMA), polycarbonate (PC), epoxy resin, urea resin,
urethane resin, and melamine resin. However, the materials
of the first base 4a and the second base Sa are not limited
to the above-mentioned particular examples. The thickness
of each of the first base 4a and the second base 3a is
preferably 38 to 100 um from the viewpcint of productivity,
but it is not limited to such a particular range. The first
base 4a or the second bkase 5a 1s preferably transmissive to
an enerdgy ray. The reason is that when the first base 4a or
the second base ba i1s tTransmissive to an energy ray, an
energy-ray curable resin interposed between the first base
4a or the second base 5a and the reflecting layer 3 can be
cured, as described later, by irradiating the energy-ray
curable resin with the energy ray from the side including
the first base 4a or the second base 5a.

The first optical laver 4 and the second optical layer

5 have transparency in an exemplary case. The first optical
layer 4 and the second optical laver 5 are each obtained,
for example, by curing a resin composition. As the resin

composition, an energy-ray curable resin capable of being
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Further, as illustrated in Fig. 5B, the light entering the optical film 1 and reflected by the reflecting
surface of the reflecting layer 3 is separated into a component Lh reflected toward the sky and a
component LB not reflected toward the sky at a proportion depending on the incident angle. The
component LB not reflected toward the sky is totally reflected at the interface between the second
optical layer 5 and air and is then finally reflected in a direction differing from the incident direction.
Figs. 6A and 6B illustrate the relationship among a ridgeline 13 of the triangular pillar 4c, the incident
light L, and the reflected light L. It is preferable that the optical film | selectively directionally reflects the
light L entering the incident surface S1 at an incident angle (0, ) in a direction (00, -0) (0 < 00 < 90).

By satisfying fhatirelationshipsthe.optical film;1 ganreflect the, incident light toward the sky. Herein, 0
is an angle formed by a perpendicular line 11 with respect to the incident surface 51 and the incident
light L or thelreflectedtighta rAdso; Cisrarbangletformeddn the étidentsurface. Skby arlinear line 12,
which is orthggonal to the ridgeline 13 of the triangular pillar 4c, and a component resulting from

projecting thé iNGaént fgR i oF e refieb st lightorn ththe ifciieH Surfilo ™S Fifttier 28n angle 0
rotated clockwise from the pgependicularling 11.as a tefarence.is.defined as "1-0", and an angle 0

rotated counterclockwise from the perpendicular line 11 is defined as "--0". An angle rotated

clockwise from the dinearlive 12<asia reference isidefinegas 1+0'; And-amangler@ fotatech

counterclockwise
irradiation with light is preferable, and an ultraviclet
curable resin compesition capable of being cured upon
irradiation with an ultraviolet ray 1s most preferable.
From the viewpecint of increasing adhesion between the first
optical layer 4 or the second coptical layer 5 and the
reflecting layer 3, the resin composition preferably further
contains a compound containing phosphoric acid, a compound
containing succinic acid, and a compound containing
butyrolactone. The compound containing phosphoric acid may
be, e.qg., (meth)acrylate containing phosphoric acid,
preferably a {(meth)acryl monomer or oligomer having
phosphoric acid in a functional group. The compound
containing succinic acid may be, e.g., {meth)acrylate
contalining succinic acid, preferably a {(meth)acryl monomer
or cligomer having succinic acid in a functional group. The
compound containing butyrolactone may be, e.g.,
(meth)acrylate contalning butyrelactone, preferably a
(methjacryl monomer or cligomer having butyrolactone in a
functional group.

The ultraviolet curable resin composition contains,
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from the linear line 12 is defined as "-0". [Entire Shape of Optical Film] Fig. 29 is a perspective
view illustrating one example of an entire shape of the optical film according to the first embodiment.
As illustrated in Fig. 29, the optical film | preferably has a belt-like shape or a rectangular shape in its
entirety. With the optical film 1 having such a shape, the optical film 1 can be easily fabricated with the
roll-to-roll process. Further, by winding the optical film 1 into the form of a roll, it becomes easier to
handle the optical film 1. In the following description, the lengthwise (longitudinal) direction of the
optical film 1 having the belt-like shape or the rectangular shape is called a "lengthwise direction DL",
and the widthwise (transverse) direction thereof is called a "widthwise direction Dw". Also, the direction

of a ridgeline 1, of the driangulay pillar 4c.farmegin the first ontical layer 4.is called g "ridgeline direction
DR". The triangular piliars c are preferably formed in'the first optical layer 4 such that the ridgeline
1, of each tfiarguiar pilat dcds paraliel te the widthwise direetiom Dve of the-eptical film 1. The ridgeline
direction DR of the triangular pillar 4c and the lengthwise direction DL of the optical film 1 are

preferably iﬁ%ﬁ&%ﬁogéﬁﬁlr}efﬁi‘éﬁ? O Sucl aldonditioh; the téffectiontfuhtfiBif of the optical film 1 can

be effective veloped just iX] tical film 1_having the belt:like shape or the rectangular
shape to, e%é.,gtgr%%vﬁt/gﬁhgm%%\&% %qébg b%%%gmaéégz a state t %ﬁhg >ffé|Cgahr%s%lirection of the building
and the lengthwise:«directiond2l; i the optieatfimel having-thebelt-like;shape @4 the sectangular shape
are substantially parallel to each other. [Method of Affixing Optical Film] Figs. 30A and 30B are
illustrations T8 explaiftUre R&MPIE6FE hrainsroTaTfixihg the Dptiabfilim Beestding to the first

embodiment,of the present techinglogy, The folwing despripfin js made,in.comnegiop with an
example in which t eoptlcalufﬁm is affixed to the wall member

{meth)acrylate, epoxy (meth)acrylate, polyester

{(methjacrylate, polyol (meth)acrylate, polvether

(meth)acrylate, and melamine (meth)acrylate. Herein, the

term " (meth)acryloyl group" implies an acryloyl group or a

methacryloyl group. The term "oligomer"™ used herein implies

a molecule having molecular weight of 500 or more to 60000

or less.

The photeopelymerization initlator used here can be
selected, as appropriate, from among general materials. As
examples of the general materials, benzophenone derivatives,
acetophenone derivatives, anthragquinone derivatives, eto.
can be used alcone 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

a level as beling not sultable for industrial production from

the practical point of view. On the other hand, 1f the
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having a rectangular shape with a vertical size being larger than a horizontal size. First, the
belt-shaped optical film 1 is let out from a roll of the wound optical film 1 (i.e., from the so-called stock
roll) and is cut in an appropriate length corresponding to the shape of the wall member 10 to which the
optical film 1 is to be affixed, thereby obtaining the optical film 1 having a rectangular shape. As
illustrated in Fig. 30A, the rectangular optical film 1 has a pair of opposing long sides L, and a pair of
opposing short sides Lb. The long sides La of the rectangular optical film 1 are substantially orthogonal
to the ridgeline direction DR of the triangular pillar 4c in the incident surface of the optical film 1. In
other words, the lengthwise direction DI, of the rectangular optical film 1 is substantially orthogonal to
the ridgeling direction PR;of the triangular pillar 4¢ in the incidentsurface.of thegptical fiim 1. Next,
one short side Lb of the cut optical film 1 is aligned with one short side 10a of the rectangular wall
member 10; ftte brershost, side k@rbeingpusitioneceatan upper ehdwidthe gvall-nember 10. Next, the
rectangular optical film 1 is gradually affixed to the wall member 10 in a direction from the upper end

toward the I5wat &t HEFEBFWRA the Hid of"e-g - %He Bffixing fayer'e MtérposBd between them. The
other short side 2 ot e, optical i1, s aligned it iha other short side 10b:ofthe.rectanguiar wall

member 10, the other short side 10b being positioned at the lower end of the wall member 10. Next,
when necessarypthesurfacen ot theoptical film 1faffixeddp the avalllmember Ir-istpressed, for
example, to purge out bubbles trapped between the wall member 10 and the %gtical film 1. As a result,

the rectangBfi GifficaPfitht lis Hiked to e wall AfdmBer 165 such2Fstate fitht A8 ritfgeline direction

DR of the triangulargilatA¢ in i Inadent surtace, gt tbe, ontical fim 4 s substantially qrihogonal to
the height direction DH of a building, e.g., a high-rise building. [Direction of Affixing of Optical Film]

Figs. 31A andi31B are jllustrations to explain the difference in reflection function of the optical film 1
depending on the direction of affixing of the optical film. Fig. 31A illustrates an example of a
building 500 in wHigF ti5& ®ptital i1 7§ affkedad this%PalPniefibsro’ sGef that the ridgeline direction
DR of the tri%%g%& @illar 4c irﬂ%et}h Ji:nacrild tsur@cgoofggg olpéisciaxl.nfilu 1 1,?iis S bgt_antially orthogonal to

u illus

the height direction DR of the building. In other words, Fig. 31A ratés the’case where the optical

film 1 is affixed 4@ the wall memberk) in-aceprdance with-theiahoverdeseribed-manneref affixing the
optical film. When the optical film 1 is affixed to the wall member 10 as described above, the reflection
function type of resin, 1ncluding a vinyl-based resin, an epoxy-based

resin, a thermopiastic resin, etc., can be used as long as

the resin satisfies the above-described requirements for the

refractive index.

The resin may be mixed with an oligomer to recuce

curing shrinkage. The resin may further contain, e.g9.,

polvisocyanate as a curing agent. In consideration of

adhesion between the first optical layer 4 or the second

optical laver 5 and the adjacent laver, the resin mey ke

further mixed with suitable cne or more of moncomers having a

hydroxyl group, a carboxyl group and a phosphoric group;

polyvels; coupling agents such as carboxylic acid, silane,

aluminum and titanium; and various chelating agents.

The resin composition preferably further contains a



of the optical film 1 can be effectively developed. Accordingly, the light impinging against the wall
member 10 from the upward can be reflected in a larger amount to the upward. Thus, the upward
reflection of the wall member 10 can be increased. Fig. 31B illustrates an example of a building
600 in which the optical film 1 is affixed to the wall member 10 such that the ridgeline direction DR of
the triangular pillar 4c in the incident surface of the optical film 1 is obliquely oriented with respect to
the height direction DH of the building 600 instead of being orthogonal thereto. When the optical film 1
is affixed to the wall member 10 as described above, the reflection function of the optical film 1 is not
effectively developed. Accordingly, the proportion at which the light impinging against the wall member

10 from the upwardsis reflected fo the down@%@timqrg@?eg- s the upyardireflection of the wall
member 10 is reduced. [Apparatus for Manufacturing Optical Film] Fig. 7 is a schematic view

illustrating creeeexamplecokdanstiuctionseftan: apparatus fersmanukactyrirg the- opticat film according to
the first embodiment, As illustrated in Fig. 7, the manufacturing apparatus includes laminating rolls 41

and 42, a gHitE¥II'4S 86ty devicE 452 SRt tan irFaiafich Bebitk 48 TR ANRafiAg rolls 41 and
42 are arranged ta-he ablg (1o iR agrleglggﬁiE}gé%q{g%fﬁ%eqkqgtig%lgxgr@%t@gsse&_ond base 5a

therebetween. The reflecting-layer affixed optical layer 9 is a layer obtained by forming the reflecting

layer 3 on onesprincipaltsurfacexofithe first aptical layer-4.cEhewreflecting=layemnaffixedmoptical layer 9
may further include the first base 4a disposed on the other principal surface of the first optical layer 4

on the oppo<it&ideé tofife ofe Privkipal strfkEIReredtorPbickithefrefBcting fayer 3 is formed. In
the ilustratedl expmpls. the /eflecting. layes 3,5 (9meq.on the.qne pinciogl gutace.gf thefist optical
the ical layer 4. The

layer 4, and the first base 4a is disposed on the other principal surface o Irst op

guide roll 43is:arranged 1m alcanveyingpatbinsidesthedsnangiacturdrg apparatys é@ bemble to convey
the optical film 1 having a belt-like shape. Materials of the laminating rolls 41 and 42 and the guide roll
43 are not limiteF 16" parictirat-oties A ifetalPsiithtas Sailidss $téa2 isber Csificone, etc. can be

optionally used..as, appropriate, depending onhe desired roll characteristics.
tricyclodecanedimethanol dimethacrylate, ethylene oxide-
modified isocyanurate diacrylate, sthylene coxide-modified
isocyanurate triacrylate, and caprolactone-modified
tris{acryloxyethyl) isocvanurate.

Preferably, the first base 4a or the second base 5a has
water vapor permeability lower than that of the first
optical layer 4 or the second optical layer 5, respectively,
For exanple, when the first cptical layer 4 is formed by
using the energy-ray curable resin, e.g., urethane acrylate,
the first base 4a is preferably formed by uging a resin
having water vapor permeability lower than that of the first
optical layer 4 and being transmissive to the energy ray,
e.d., polyethylene terephthalate (PET). As a result,
diffusion of meisture into the reflecting laver 3 from the

incident surface S1 or the rear surface S2 can be reduced
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The coating device 45 can be prepared as a device including a coating unit, such as a coater. As the
coater, ordinary coaters including a gravure coater, a wire bar, and a die can be optionally used, as
appropriate, in consideration of physical properties of the resin composition to be coated, etc. The
irradiation device 46 is a device for irradiating the resin composition with an ionizing ray, e.g., an
electron 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. [Method of Manufacturing Optical Film]
One example of a method of manufacturing the optical film according to the first embodiment of the
present technology will be described below with reference to Figs. 7 to 10. Note that, in consideration

of productivity partQr.the whale of Srmanuiacturing process,described; beloywis preferably performed
in the roll-to-roll manner except for a step of fabricating a mold (or a die). First, as illustrated in Fig.

8A, a mold ferfa ¢e): 2y hawing:the@ saame lcencayg-cenvex shaperas:thatiof theltriangutar pillars 4c, or
a mold (or a die) (replica) having a shape reversed to the concave-convex shape of the former mold

(die) is formed b§Pe4° bite" MAthinifi§ origsermathfthg. Nk eas iftistraiéd HER” 8B, the
concave-capyex shape.of-themold (dje):21 s ransferred; o a resin materiakin theform of a film by

utilizing, e.g., a fusion extrusion process or a transfer process. The transfer process can be practiced,
for examplestayua méthodrof/ peyring af@nerggray curable resin into a mold and  radiating the
poured resin with an energy}ray to cure the resin, or a method of applying heat and/or pressure to a

resin for transferrfnigtthedesited Sape tothePFssir, ‘or'd fethad Harminatidg trah¥fef process) of
supplying a.tesin fim fiom a.stegk talland ansferring ibe shapg of adigjto e resipfim under
application of heat. Through the above-described steps, as illustrated in Fig. 8C, the first optical layer 4
having the triangularpitarss4a en one, paneipakbsurface-thereofisdfarmed. functional

group differs between the first optical layer 4 and the

second optical layer 5. More preferably, both the first

optical layer 4 and the seccnd optical layer 5 contain a

phospheoric compound (e.g¢., phosphoric ester), and the

content of the phosphoric compound differs between the first

optical layer 4 and the second optical layer 5. The

difference in the content of the phosphoric compound betweaen

the first optical laver 4 and the second optical layer 5 is

preferably two or more times, more preferably five or more

times, and even more preferably ten or more times.

When at least one of the first optical layer 4 and the
second optical layer 5 contains the phosphoric compound, the
reflecting layer 3 preferably contains an oxide, a nitride,
or an oxynitride in its surface contacting with the first
optical laver 4 or the second optical layer 5 that contains
the phosphoric compound. It is particularly preferable that

the reflecting laver 3 includes a layer, which contains zinc
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Further, as illustrated in Fig. 8C, the first optical layer 4 may be formed on the first base 4a. 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 curable 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 to cure it.
Preferably, the resin further contains a cross-linking agent. The reason is that the cross-linking agent
makes the resin heat-resistant without changing the storage modulus at the room temperature to a
large extent.  Next, as illustrated in Fig. 9A, the reflecting layer 3 is formed on the one principal
surface of the first optical layer 4. The reflecting layer 3 can be formed, for example, by sputtering,
evaporation,:G¥BP (Chemical Viaper Deposition), dip-coatings diergeating, Wwet-eoating, o spray coating.
Preferably, a practical method of forming the reflecting layer 3 is optionally selected from those film
forming metheds depéndingicrithelstygge 6f the friangelaipilfarcad; ete. Nekty as iffustfatéd in Fig. 98,
the reflectinc%)la%/%r? isa%la:)je%[ed t% annealing as in%icatesdﬁ%BéL, %s/heg necessary. The temperature

of the annea |ﬁga|ls iy the rar%eogﬁ) e?df?ioﬁ 3&%8 erto Ccoridwer.”© Nsext, as illustrated in Fig.

90, a resin 2240 a-notyet-cured-state is,goatled-qves the seflecting-layer 8- The 4gsin22 may be, e.g.,
an energy-ray curable resin or a thermosetting resin. The energy-ray curable resin used here is
preferably am uitraiolet-ray eursbie resinpNext JashiflistratedanFighe0Acd laninate is formed by
placing the second base 5a over the resin 22. Next, as illustrated in Fig.ﬁ, 108, the resin 22 is cured by
applying, ef-Y&A ehergy &) oF heafas Micated 15y 32 Whils pressiite 1S Applied o the laminate as
indicated by 33- Examples of the energy tay-usable hete include anielection ay,1an yltrayiolet ray, a
visible ray, and a gamma ray. The ultraviolet ray is more preferable from the viewpoint of production
equipment.aRrefgrablycan integrated irradiatior ansountis sékected, asrappropriagd,rin zonsideration of
the curing characteristic of the resin, suppression of yellowing of the resin and the second base 5a,

etc. The prES&TR appiltd tothetamiiatgds prefefally it e rahge 60 01°MPF & igher to 1 MPa or

lower. If the applied pressure is, lower than 0.01 MPa,a problem mayecyr 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 appliedlpressuresis imoreaptoty, fluctgate. Iwougir theyabove-described steps, as illustrated in Fig.
10C, the second optical layer 5 is formed on the reflecting layer 3 and the optical film 1 is obtained.

A method of forminy the 65ticat F By usihgPthe'manbfetiiy appafatd®, iflustrded in Fig. 7, will
be described, in mpre detail below. First,the second hase 5a isIet out fromya base supply roll (not

shown), and the let-out second base 5a is guided to pass under the coating device 45. Next, an
ionizing-rayl eudrable resin d4tiscoated: by dhe coating devicedd s over.the secondibase 5a passing
under the coating device 45. Next, the second base 5a coated with the ionizing-ray curable resin 44 is

conveyed tBRard e Idmatingtofs 213’ 42260 thEMAEFETd, Tthé TeflectimpRbfer Affixed optical
layer 9 is leg out from, an quiical layer supply.foll (got,shown) andiis £onveyed toward the laminating
rolls 41 and 42.

range. A pigment dispersed in the resin may be either an

organic pigment or an inorganic pigment. In particular, an

inorganic pigment having high weatherbility in itself is

preferable. Practical examples of the inorganic pigment

include zircone gray (Co- and Ni-doped Zr3i0,;), praseocdymium

yvellow (Pr-doped Zr3iG.), chrome-titania yellow (Cr- and Sb-

doped TiC; or Cr- and W-doped Ti0;), chrome green (such as

Crp0s), peacock blue {({(CoZn)O{Al1Cr),0z), Victoria green {(Al,

Cr),03), deep blue (Co0-AlyG3-310;), vanadium-zirconium blue
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Next, the second base 5a and the reflecting-layer affixed optical 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 affixed optical layer 9, whereby the
reflecting-layer affixed optical layer 9 is laminated on the second base 5a. Next, the second base 5a
including the laminated reflecting-layer affixed optical layer 9 is conveyed along an outer
circumferential surface of the laminating roll 41 while the irradiation device 46 irradiates the
ionizing-ray curable resin 44 with the ionizing ray from the side including the second base 5a, thereby
curing the ionizing-ray curable resin 44. As a result, the second base 5a and the reflecting-layer affixed

optical layer 9_aye affixed o each other with the ignizing-ray gurable resin 44 jnterposed therebetween,

and the objective optical film 1 having a long size is fabricated. Next, the fabricated i)e'lt-shaped optical
film 1 is takearup by actake=up rolh(rbtshown), Eventaally, sestock roll irkthereotied:feam of the
belt-shaped o%[_l:cal film 1 is obtained. Given that the process temperature in the above-described

process of formifg’'the SEEURT GticAl 1dyeF 55486 1 the firdl§plicaltayel s ifthe*&died state
preferably has the E@&ﬁ%%p%%ug Oﬁ_ﬁ%ﬂg f;?aﬂ&ﬁ@rﬁ %Ige-n%Q)C. Herein, the process

temperature t is, for example, the heating temperature of the laminating roll 41. The first optical layer 4
is conveyed Her examiple, in:sgpeh)a state that the first optical layer 4 is formed on the first base 4a and
is conveyed along the laminating roll 41 with the first base 4a interposed therebetween. It is, therefore,
empirically confirfiedl that tHadtal tehifératureSof thetirstapticat layer s i about (t - 20)00.

B SR S O O T I Pl Py e 200 e oot -

deforming due ta applieation ofheatror bothofheat angkpressurencident angle (8,
$) in a direction other than the specular reflection
direction (-0, ¢ + 180°) (see Fig. 2). The reflecting layer
3 1s formed of, e.g., a metal film having a high reflectance
that i1s preferably 30% or more at a wavelength of 1500 nm.
The reflecting layer 2 may contain, as a main material
component, Au, Ag, Cu, RAl, Ni, Cr, Ti, Pd, Co, 8i, Ta, W, Mo
or Ge alcne, or an alloy containing two or more selected
from among those elements, for example. Of those examples,
Ag-, Cu—-, Al-, 38i- or Ge-based materials are preferable in
consideration of practicability. To retard corrosion of the
reflecting laver 3, an additional material, such as Ti or Nd,
is preferably mixed in the metal laver. Further, a metal
nitride layer can be made of, e.g., TiN, CrN or WN. A film
thickness of the reflecting layer 3 can be set to the range
of, e.g., 10 nm or more to 200 nm or less. However, the
film thickness of the reflecting laver 32 is not limited to

that range as long as a high reflectance is cbtained.
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Further, the first optical layer 4 preferably has the storage modulus of 3 x 109 Pa or less at 25C. 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 using the roll-to-roll manufacturing process. In
consideration of the heat resistance of the resin used as the optical layer or the base, the process
temperature t is preferably 200C or lower. However, when a resin having higher heat resistance is
used, the process temperature t can be set to 200C or higher. According to the first embodiment,
in the optical film 1 capable of directionally reflecting the incident light, the number of times of
reflections by the reflecting layer 3 can be reduced to one or two. As a result, heat generation due to

absorption otlight.by the reflecting layes 3 gan be reduced and energy-saving (e.g., reduction in the
amount of 002 emission) can be realized. Further, since the plural asymmetrical triangular pillars

4c are arrayed in theyonedimensidrial pattesa andtheapekarngle aiand the slapezamgle p of the
triangular pillars 4c are set to satisfy the above-mentioned formula (1) or (2), a high upward reflectance

can be obt&iREd SHREERTifor the Fim thitkness gt thévéfcdihgiaysr cai belretideed it €dmparison
with that in the ase where gorner.clyby @r%tvxéq{ggggggiogggy_%rygg.1A§ A result, the optical film 1

can be fabricated at a lower cost. <Modifications> Modifications of the first embodiment will be
described helewcFrstMadifieation]jcted by the reflecting layer 3 toward the

sky in a substantially reversed relation, for example, in a
direction almost reversed to the direction of the incident
light,

Further, as illustrated in Fig. 5B, the light entering
the optical film I and reflected by the reflecting surface
of the reflecting layver 3 is separated into a component Tg
reflected toward the sky and a component Lg not reflected
toward the sky at a proporticon depending on the incident
angle. The component Ly not reflected toward the sky is
totally reflected at the interface between the second
optical layer &% and air and is then finally reflected in a
direction differing from the incident direction.

Figs. %A and 6B illustrate the relationship among a
ridgeline 13 of the triangular pillar 4¢, the incident light
L, and the reflected light Li. It is preferable that the
optical film 1 selectively directionally reflects the light
L entering the incident surface S1 at an incident angle (O,
¢} in a direction (8g, —¢) (0° < 8y < 90°). By satisfying
that relationship, the optical film 1 can reflect the

incident light toward the sky. Herein, 6 is an angle formed
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Fig. 11A is a sectional view illustrating a first modification of the first embodiment. As illustrated in Fig.
11A, an optical film 1 according to the first modification has an incident surface Si in a concave-convex
shape. The concave-convex shape of the incident surface Si is formed to follow the concave-convex
shape of the first optical layer 4, for example, such that positions of apex portions of convexes and
positions of bottom portions of concaves are aligned between both the concave-convex shapes. The
concave-convex shape of the incident surface 51 is preferably gentler than that of the first optical
layer 4. [Second Modification] Fig. 11B is a sectional view illustrating a second modification of the
first embodiment. As illustrated in Fig. 11B, an optical film 1 according to the second modification is

formed such that apexparions ef.conuexes intheiconcave-convexshapeefithedirst optical layer 4, on
which the reflecting layer 3 is formed, are substantially flush with the incident surface Si of the second
optical layer 5r £2cSegdbndEmbbdinment>dentFigitRis & sectibhal viedlilustating ohe example of
construction of an ggtical film 1 according to a second embodiment. The second embodiment differs

from the firstémbotimentin that 2 SiiEde oPHESEAeRIAG Tayet 30 e Sife Bfoviding the incident

surface is exposgd without being embedded, with.the second:optical layes 2. From the viewpoint of
increasing durability of the reflecting layer 3, a protective layer 52 is preferably formed on the surface

of the refledting fayér8gwhich servesasithe incideat surfacecRreferably, tthecprbtective layer 52 is
formed on the reflecting layer 3 to follow the concave-convex surface of the first optical layer 4. From

the viewpoiit 8¢ Gir&ctibhdil retREtAG e incitinttight bl the Tefle&ing Ayer 8 hd préctive layer 52
preferably hag.rapsparency s the protective layer.32.can he madeofge g o+ oq

clockwise from the perpendicular line 1, as a reference is
defined as "+8", and an angle 0 rotated counterclockwise
from the perpendicular line 1; is defined as "-8". An angle
$ rotated clockwise from the linear line 1, as a reference is
defined as "+¢", and an angle ¢ rotated counterclockwise
from the linear line 1, is definesd as "~¢".

[Entire Shape of Optical Film]

Fig. 29 1s a perspective view illustrating one example
of an entire shape of the optical film according to the
first embodiment. As illustrated in Fig. 29, the optical
film 1 preferably has a belt-like shape or a rectangular
shape in 1ts entirety. With the optical film 1 having such
a shape, the optical film 1 can be easily fabricated with
the roll-to-roll process. Further, by winding the optical
fiim 1 into the form of a roll, it becomes easler to handle
the cptical film 1. In the following description, the
lengthwise (longitudinal) direction of the optical film 1

having the belt-like shape or the rectangular shape Is
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dielectric materials, such as SIN, ZnS-Si02, AIN, Al203, S0V -"Cr 20r Z1702 f S 102- In203-.Zr02 f T
102 Nb20 5 and TaZ205. The second embodiment can also provide similar advantages to those
obtained with the first embodiment. <3. Third Embodiment> Fig. 13 is a sectional view illustrating
one example of construction of an optical film 1 according to a third embodiment. The third
embodiment differs from the first embodiment in that the former further includes a self-cleaning effect
layer 51, which develops a cleaning effect in itself, on an exposed surface of the optical film 1 on the
opposite side to one of the incident surface Si and the rear surface S2 thereof, which one is affixed to
the adherend. The self-cleaning effect layer 51 includes, for example, a photocatalyst. For example,

TiO2 can be ysed-as,the: bhotogatalysty : »-As descrbed above;:the pptical fila:1 is featured in
directionally reflecting the incident light. When the optical film 1 is used outdoors or in a dirty room, for

example, lightris sedttersd dde te dirt andtdust adhetinge the susfateiotthe optical film 1, whereby
transmissivgiand reflectivity are lost. Therefore, the surface of the optical film 1 is preferably optically

transparent at aiftim@8. Iff other Wardts, it 1§ praferabliethal the’sdrt&EE of the optiCal filthL is superior
in the watet-repellent ot hydrophilig preperty.for example;and it cansautomatically geyelop the

self-cleaning effect.
called a "ridgeline direction Dr".

The triangular pillars 4c are preferably formed in the
first optical layer 4 such that the ridgeline 1, of each
triangular pillar 4c is parallel to the widthwise direction
Dy of the optical film 1. The ridgeline direction Dy of the
triangular pillar 4c and the lengthwise direction Dy of the
cptical film 1 are preferably in an orthogonal relaticon. On
such a condition, the reflection function cf the cptical
film 1 can be effectively developed just by affixing the
optical film 1 having the belt-like shape or the rectangular
shape to, e.g., the wall member cf the building in such a
state that the height direction of the building and the
lengthwise direction Dy of the optical film 1 having the
belt-like shape or the rectangular shape are substantially
parallel to each other.

[{Methed cf Affixing Optical Film]

Figs. 30A and 30B are illustrations to explalin one
example of a manner of affixing the optical film according
to the first embodiment of the present technolecgy. The
following description is made in connection with an example

in which the optical film 1 is affixed tco the wall member 10
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According to the third embodiment, since the optical film 1 includes the self-cleaning effect layer 51,
the water-repellent or hydrophilic property, for example, can be given to the incident surface. Hence, it
is possible to suppress dirt and dust from adhering to the incident surface and to suppress degradation
of the directional reflection characteristic. <4. Fourth Embodiment> While the first embodiment has
been described above, by way of example, in connection with case of applying the present technology
to, e.g., the wall member, embodiments of the present technology are not limited to the
above-described application and can be further applied to various interior and exterior members, etc.
other than the wall member. Stated another way, the optical film according to the embodiment of the
present technology is anplicahle.to,notenly fixgdhinstalled interior andexierigymenmbers, such as
walls and roofs, but also to a device capable of adjusting an amount of the transmitted and/or reflected
sunlight byrheving drvinterorteriextersal member depending on changes in amount of the sunlight,
which are caused with the shift of seasons and the elapse of time, etc., and takin%the adjusted

amount of the sunftghitiinto“a iftfodr 8PAES etEPIn & Fourth efhbodimeht ‘o éxarmpie 6f such a
device is desgribegkin.connection with asolar-shading device (in the, form, of.a.windewblind or a
shade) capable of adjusting a degree at which a group made up of plural solar shading members cuts
off the incidenidight,dayl chamging san-anglerofihe sotarcghading membehgroup.  Fig. 14 is a
perspective view illustrating one example of construction of a window blind (shade) 201 according to

the fourth RBEGRRERIIARTII(StratBE if F§ LA thERGnEBW bITTPGT ad bris’exdmplé of the solar

shading deyice ingludesa beag box;203, a slat graup (selarshading member, group), 202 made up of
plural slats (blades) 202a, and a bottom rail 204. The head box 203’is disposed above the slat group

202 made upof the phirak-slats202acl addercchotds 206 andkrise-antsfall chosds 205dre extended
downward from the head box 203, and the bottom rail 204 is suspended at lower ends of those chords.
The slats 202a%sEtving 4y the'§olar Shadimg menibers afe eathTormEad in a stérderrectangular shape,

for example. and aye, sugported by fhe lagler ghaids 206, which are extgndad dowpward from the
predeterm & statg.

head box 203, at etermined intervals In a suspende Further, the head box 263 is provided
with an operating sagmbes érotrshewn),rsuch-as argd, for asjistingiart anglel ofithe slat group 202
made up of the plural slats 202a. The head box 203 serves as a driving unit for rotating the slat
group 202 Fiduetap bf tHe pluraltdlatereda fivaésrdanes with 6pérafidh 'ofthe 'opeétating member,
such as the_rod, thereb u%%gstinq_ghe ag]coulnrg of light taken into an indoor sggcghfor example. Further,

the head box %Ogﬁwlé}sn & function of a riving unit (raising and lowering uni forlrﬁsing and lowering

the slat grosip2Q2, :asrappropriate;in aceerdance-with eperation;ehan eperating-mesmber, e.g., a

rise-and-fall operating chord 207.
of the rectangular optical film 1 is substantially
orthogonal to the ridgeline direction Dp 0of the triangular
pillar 4c¢ in the incident surface of the optical film 1.

Next, one short side Ly of the cut optical film 1 1is

aligned with one short side 10a of the rectangular wall
member 10, the one short side 10a beilng positioned at an
upper end of the wall member 10. Next, the rectangulax
optical film 1 is gradually affixed to the wall member 10 in
a direction from the upper end toward the lower end thereof
with the aid of, e.g., the affixzxing laver ¢ interposed

between them. The other short side Ly of the optical film 1
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Fig. 15A is a sectional view illustrating a first example of construction of the slat 202a. As illustrated in
Fig. 15A, the slat 202a includes a base 211 and an optical film 1. The optical film 1 is preferably
disposed on one of two principal surfaces of the base 211, the one principal surface being positioned
on the side including an incident surface on which extraneous light is incident when the slat group 202
is in a closed state (e.g., on the side facing a window member). The optical film 1 and the base 211
are affixed to each other with an affixing layer, e.g., a bonding layer or an adhesive layer, interposed
between them. The base 211 can be formed in the shape of, e.g., a sheet, a film, or a plate. The
base 211 can be made of, e.g., glass, resin, paper, or cloth. In consideration of the case of taking

visible light jnto.a predetermined indogr space,for.example ,a{esi haying ransparency 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 asdhat genérally Usedtihordinagy ralling screehs. Thie apticad fin 4iusethhereamay be one
type or a combination of two or more types of the optical films 1 according to the above-described first

to third emBoGments ” erﬁg?ﬁﬁ?a%}:ﬁoﬁﬁmgﬁv iﬁﬁstraﬁ?‘iﬁ‘& se‘ﬁaﬁa %?ﬁrﬁé%’"f"%opstruction of
the slat 2023, In the secand example, as illustratedin Fig: 158, the gptical film, 1, is used itself as the

slat 202a. In this case, the optical film 1 preferably has such a level of rigidity that the optical film 1 can
be supported bydhe tadderthotds 206:and ean maintain 4s shapednta sypporieshstate. <5. Fifth
Embodiment> A fifth embodiment will be described below in connection with a rolling screen device,

i.e., anotheF @x4ffple bfthe'sdtar BRARRNG dévieeEapablecdtadiasting atielgree T which a solar
shading member euts oft the.incident light, by, winding.of ynwinding the selar shagding member.
wall member 10 in such a state that the ridgeline direction
De of the triangular pillar 4c¢ in the incident surface of
the optical film 1 is substantially orthogonal to the height
direction Dy of a building, e.g., a high-rise building.
[Direction of Affixing of Optical Film]
Figs. 31A and 318 are illustrations to explain the
difference in reflection function of the optical film 1
depending on the direction of affixing of the optical film.
Fig. 31A illustrates an example of a buililding 500 in
which the optical film 1 is affixed to the wall member 10
such that the ridgeline direction Dg of the triangular
pillar 4c in the incident surface of the optical film 1 is
substantially crthcgonal to the height direction Dy of the
building. In other words, Fig. 31A illustrates the case
where the optical film ! is affixed to the wall member 10 in
accordance with the above-described manner of affixing the
optical film. When the optical film 1 is affixed to the

wall member 10 as described above, the reflection function
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Fig. 16A is a perspective view illustrating one example of construction of a rolling screen device 301
according to the fifth embodiment. As illustrated in Fig. 16A, the rolling screen device 301 as another
example 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 as 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 shaft. Further, the core member 304 is
coupled to the other end of the screen 302. Preferably, the screen 302 has flexibility. The shape of the
screen 302 is not limited to particular one and is preferably selected depending on the shape of, e.g., a

window megber;tg whichthe relling screen, devicg 301 is;applied. Eor example, the screen 302 has a

rectangular shape.  Fig. 16B is a sectional view, taken along line XVIBXVIB in Fig. 16A, illustrating
one example-ofcohistrictiontofdhe sgheen 302nAsrlustrated i Figh<l6B; thersereen 302 includes a
base 311 and an optical film 1. The screen 302 preferably has flexibility. The optical film 1 is preferably
disposed on b SHYid pHiRdiParsitiatestiithe base 311 AhéBrepringiparsurface-béing positioned

on the side,inclyding arhjlncg'der%thseyrt ce (}@V\Qg%qgégaggo%%li tis inc,igent &gﬁ . the side facing
the window r%ember). ThéJ optical film%l %nd the base 311 are aﬁ:%(eédv% gach ot %rfwn an affixing
layer, a bonding tayer-eram 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.  Thethast 311 tandde forfifedtin thasdhalie 6ff edg.Pashéeta filtd, dima plate. The base
311 can be made ogh_%.g%p%lggg,lre%ﬁ rg)ape{,sora%l%)m{ég cggsg%at‘,l\%rlgf 1tﬁft1(“‘“3elt1%aesw_ﬁe %taklng visible

light into a predetermin or space, for example, a resin having transparency is preferably used as
the materiak ot:the:hase 814. Theglassdhe resip: the.paperorithe cleth-used here may be the same

as that generally used in ordinary rolling screens. The optical film 1 used here may be one type or a

combinatiok ‘bf twd drmére fipesicithe pticalfilfise aceofdifg t tHeabole-destribed first to third

embOd"“e@%1§%u§E§h5%9%%@Q§”§§th respect to the height direction Dy
cf the building 600 instead of being orthogonal thereto.
When the optical film 1 is affixed to the wall nmember 10 as
described above, the reflection function of the optical film
1 is not effectively developed. Accordingly, the propoertion
at which the light impinging against the wall member 10 from
the upward is reflected to the downward is increased. Thus,
the upward reflection ¢f the wall member 10 is reduced.
[Apparatus for Manufacturing Optical Film]

Fig. 7 1s a schematic view illustrating one example of
construction of an apparatus for manufacturing the optical
film according to the first embodiment. As i1llustrated in
Fig. 7, the manufacturing apparatus includes laminating
rolls 41 and 42, a guide roll 43, a coating devics 45, and

an irradiation device 46.

The laminating rolls 41 and 42 are arranged to be able
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A sixth 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 shading portion provided with an optical
body having the directional reflective property. Fig. 17A is a perspective view illustrating one
example of construction of a fitting 401 according to the sixth embodiment. As illustrated in Fig. 17A,
the fitting 401 includes a shading portion 404 provided with an optical body 402. More specifically, the
fitting 401 includes the optical body 402 and a frame member 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 removed, when necessary, by disassembling the frame member 403. While

one example,of the fitting 401 s #,shaji 8- & papeLmade andior glass-figed sliding.door),
applications of the present technology are not limited to such an example and embodiments of the

present techrology carebe applied te varvas typesotfittings ¢oatingludeyshading pestions.  Fig.
17B is a sectional view illustrating one example of construction of the optical body 402. As illustrated in

Fig. 17B, thePdpticat bbay 4o 2intiudes'd base H1%and nBpticaFfifid. The optical film 1 is disposed
on one of twa principal surfaces of the base Aﬂ-ﬁiﬁ@%ﬁ@_@ rrincipal surface heing positioned on the side

including an incident surface on which extraneous light is incident (e.g., on the side facing the window
member or @utwatd). Thecoptical fillhd and thechdase 414 are affixedtaleach other witlran affixing
layer, e.g., a bonding layer or an adhesive layer, interposed between them. Note that the construction
of the shoji {spécificallytheroptitat oy 4o2) i Astlim7ed t6 thé iIfkRHE#d 8xanite and the optical

film 1 may be yseditsalf as,ihe opfigalbody,402, . Thehase 411 s formed of, e.g,. gsheet, a film, or

a plate each having flexibility. The base 411 can be made of,’e.g., glass, Tesin, paper, or cloth. In
consideratioepf #ie ease ©f taking visibledight intfe acptedaierminedindeer spacewforaxample, a resin
having transgarenc is _ .

the reflecting laver 2 is formed. In the illustrated

example, the reflecting layer 3 is formed on the one

principal surface of the first cptical laver 4, and the

first base 4a is disposed on the other principal surface of

the first optical layer 4. The guide roll 43 is arranged in

a conveying path inside the manufacturing apparatus to be

able to convey the optical film 1 having a belt-like shape.

Materials of the laminating rolls 41 and 42 and the guide

roll 43 are not limited to particular ones. A metal such as

stainless steel, rubber, silicone, etc. can be optionally

used, as appropriate, depending on the desired reoll

characteristics.

The coating device 45 can be prepared as a device
including a coating unit, such as a coater. Ag the coater,
ordinary coaters including a gravure coater, a wire bar, and

a die can be opticnally used, as appropriate, in

consideration of physical properties of the resin
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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 be one type or a combination of two or more types of the optical films 1 according to the
above-described first to third embodiments. [EXAMPLES] The present technology will be
described in more detail below in connection with TEST EXAMPLES and EXAMPLES, but the present
technology is not limited to the following TEST EXAMPLES and EXAMPLES. Fig. 18 is an
illustration to explain the definition of upward reflectance. In the following TEST EXAMPLES and
EXAMPLES, the upward reflectance is defined as follows; upward reflectance Ru = [(total power of

light reflected jn,upward direction) (atal power of incident;ight)] x.100, , qwhere ppyer of incident
light = (power of light reflected in upward direction) + (power of light reflected in downward direction),
upward directiday ieflection dngle {020)i=¢901@) toedD) Qomposition with an

ionizing ray, e.g., an electron ray, an ultraviolet ray, a

visible ray, cr a gamma ray. In the illustrated example, a

UV lamp emitting an ultraviolet ray is used as the

irradiation device 46.

[Method of Manufacturing Optical Film]

One example of a method of manufacturing the optical
film according to the first embodiment of the present
technology will be described below with reference to Figs. 7
to 10. 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 except for a
step of fabricating a mold (or a die).

First, as illustrated in Fig. 8A, a mold {or a die) 21
naving the same concave-convex shape as that of the
triangular pillars 4¢, or a mold {or a die) (replica) having
a shape reversed tTo the cconcave-convex shape of the former
mold {(die) is formed by, e.g., bite machining or laser
machining. MNext, as illustrated in Fig. 8B, the concave-
convex shape of the meld (die) 21 is transferred to a resin
material in the form cof a film by utilizing, e.g., a fusion
extrusion process or a transfer process. The transfer
process can be practiced, for example, by a method of

pouring an energy-ray curable resin inte a meld and



downward direction: reflection angle (0, 0) = (10, 0) to (-90, $), and direction of O - 10 is included in the
upward direction. In the following TEST EXAMPLES and EXAMPLES, assuming a state that the
optical film is affixed to the adherend, e.g., the wall member, as illustrated in Fig. 18, a first surface Spl
of two surfaces forming the triangular pillar, which is positioned on the upper side, is called an upper
surface Spl, and a second surface Sp2, which is positioned on the lower side, is called a lower surface
Sp2. Further, a film thickness of a totally reflecting layer or a wavelength-selective reflecting layer
formed on the upper surface Spl (i.e., the first film thickness dl in Fig. 46) is called a film thickness dI
on an upper sloped surface, and a film thickness of a totally reflecting layer or a wavelength-selective

reflecting layer farmed on thedowes suface Sp2 (i-e.nthe-sasend-fim thickness d2in-Fig. 46) is called
a film thickness d2 on a lower sloped surface. In the following TEST EXAMPLES and EXAMPLES,
prism patteres irtp aredsfinédasdbllews.lying heat and/or pressure to a

resin for transferring the 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 under application of heat. Through the
above-described steps, as illustrated in Fig. 8C, the first
optical layer 4 having the triangular pillars 4c on one
principal surface thereof is formed.

Further, as illustrated in Fig. 8C, the first optical
layer 4 may be formed on the first base 4a. This case can
be practiced, for example, by a process of supplying the
firast base 4a in the form of film from a stock roll, ccating
an energy-ray curable 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 snergy ray to
cure it. Preferably, the resin further contains a cross-
linking agent. The reason 1s that the cross-linking agent
makes the resin heat-resistant without changing the storage
modulus at the room temperature to a large extent.

Next, as illustrated in Fig. %A, the reflecting layer 3
is formed on the one principal surface of the first optical
layer 4. The reflecting layer 3 can be formed, for example,
by sputtering, evaporation, CVD (Chemical Vapor Deposition),

dip coating, die coating, wet coating, or spray ceating.



(Prism Pattern 1) Fig. 19A is a sectional view illustrating the shape of the prism pattern 1. The
prism pattern 1 is a pattern that is formed by packing asymmetrical triangular pillars in the
closest-packed state under setting conditions given below: Pitch: 100 xm Apex angle a: 90 Slope
angle P: 75 Symmetry: asymmetric (Prism Pattern 2)

Freferably, a practical methcd of forming the reflecting
layer 3 1s optionally selected from those film forming
metheds depending on the shape of the triangular pillar 4c,
etc., Next, as i1llustrated in Fig. 98B, the reflecting layer
3 is subjected to annealing as indicated by 31, when
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. 9C, a resin 2Z in a not-
yet-cured state is coated over the reflecting lavyer 3. The
resin 22 may ke, =2.g., an energy-ray curable resin or a
thermosetting resin. The energy-ray curable resin used here
is preferably an ultravicolet-ray curable resin. Next, as
illustrated in Fig. 10A, a laminate 1s formed by placing the
second base 5a over the resin 22, Next, as illustrated in
Fig. 10B, the resin 22 is cured by applying, &.¢., an energy
ray or heat as indicated by 32, while pressure is applied to
the laminate as indicated by 33. Examples of the energy ray
usable here inciude an electron ray, an ultraviclet rav, a
visible ray, and a gamma ray. The ultraviolet ray is more
preferable from the viewpcoint of production eguipment.
Preferably, an integrated irradiation amount is selected, as
appropriate, in consideration of the curing characteristic
of the resin, suppressicn of vyellowing of the resin and the
second base ba, etc. The pressure applied to the laminate

is preferably in the range of 0.01 MPa or higher to 1 MPa or



Fig. 195 is a sectional view illustrating the shape of the prism pattern 2. The prism pattern 2 is a
pattern that is formed by packing asymmetrical triangular pillars in the closest-packed state under
setting conditions given below: Pitch: 100 pm Apex angle a: 90 Slope angle P: 35 Symmetry:
asymmetric (Prism Pattern 3) Fig. 190 is a sectional view illustrating the shape of the prism pattern
3. The prism pattern 3 is a pattern that is formed by packing asymmetrical triangular pillars in the
closest-packed state under setting conditions given below: Pitch: 100 fam

lower. If the applied pressure 1s lower than 0¢.01 MPa, a
problem may cccur 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 pressure 1s more
apt tce fluctuate. Through the above-described steps, as
illustrated in Fig. 10C, the second coptical layer 5 is
formed on the reflecting laver 3 and the optical film 1 is
obtained.

A method of forming the optical film 1 by using the
manufacturing apparatus, illustrated in Fig. 7, will be
described in more detail below. First, the second base 5a
is let ocut from a base supply roll (not shown), and the let-
cut second base 5a is guided to pass under the coating
device 45. ©Next, an lonizing-ray curable resin 44 is coated
by the coating device 45 over the second base 5a passing
under the coating device 45, HNext, the second base Sa
coated with the ionizing-ray curable resin 44 is conveyed
toward the laminating rolls 41 and 42. OCn the other hand,
the reflecting-layer affixed optical laver 9 is let out from
an optical layer supply roll (not shown) and 1s conveyed
toward the laminating rolls 41 and 42.

Next, the second base 5a and the reflecting-lavyer
affixed optical layer 9, each having been conveyed as
described above, are zandwliched between the laminating rolls

41 and 42 without allowing bubbles to enter between the



Apex angle a: 90 Slope angle P: 450 Symmetry: symmetric In the following TEST EXAMPLES and
EXAMPLES, the wavelength-selective reflecting layer and the totally reflecting layer are deflned_ as
follows. (Wavelength-Selective Reflecting Layer) The wavelength-selective reflecting layer is a
reflecting layer that reflects only infrared light in a wavelength band of 780 to 21QO nm, and that
transmits light other than such a wavelength band therethrough. (Totally Reflectl_ng Layer) The
totally reflecting layer is a reflecting layer that reflects all (100%) of the incident light regardless of the

wavelength band.
second base 5a and the reflecting-layer affixed optical
layer 9, whereby the reflecting-layer affixed optical lavyer
9% is laminated on the second base 5a. Next, the second base
Sa including the laminated reflecting-laver affixed cptical
layer 9 is conveyed along an outer circumferential surface
of the laminating roll 41 while the irradiation device 46
irradiates the ionizing-ray curable resin 44 with the
ilonizing ray from the side including the second base Sa,
thereby curing the ionizing-ray curable resin 44. As a
result, the second base 5a and the reflecting~laver affixed
optical layer ¢ are affixed to each other with the ifonizing-
ray curable resin 44 interposed therebetween, and the
objective coptical film 1 having a long size is fabricated.
Next, the fabricated belt-shaped optical film 1 is taken up
by a take-up roll (not shown). FEventually, a stock roll in
the rolied form of the belt-shaped optical film 1 is
obtained.

Given that the process temperature in the above-
described process of forming the second optical layer 5 is
t°C, the first optical layer 4 in the cured state preferably
has the storage modulus of 3 x 10" Pa or more at (£ - 20)°C.
Herein, the process temperature t is, for example, the
heating temperature of the laminating roll 41. The first
optical laver 4 is conveyed, for example, in such a state

that the first optical layer 4 is formed on the first base



TEST EXAMPLES and EXAMPLES will be described below in the following order. 1. Relationship of
apex angle a and slope angle p versus upward reflectance 2. Relationship of incident angle and
reflection angle versus upward reflectance 2-1. Calculation through simulation 2-2. Measurement with
actual samples 3. Relationship of slope angle versus film thickness of wavelength-selective reflecting
layer 4. Relationship of wavelength versus upward reflectance 5. Relationship of incident angle
versus upward reflectance

4a and is conveyed along the laminating roll 41 with the
first base 4a interposed therebetween. It is, therefore,
empirically confirmed that the actual temperature of the
first optical laver 4 is about (¢ - 20)°C. Accordingly, by
setting the stcerage modulus of the first optical layer 4 to
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 both of heat
and pressure.

Further, the first optical layer 4 preferably has the
storage 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 using the roll-to-rcll
manufacturing process.

In consideration 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
resin having higher heat resistance is used, the process
temperature t can be set to 200°C or higher.

According to the first embodiment, in the optical film
1 capable of directionally reflecting the incident light,
the number of times of reflections by the reflecting layer 3
can be reduced to cne or two. As a result, heat generaticn

due to abscorption of light by the reflecting laver 3 can be
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6. Relationship of wavelength and incident angle versus upward reflectance <1. Relationship of apex
angle a and slope angle p versus upward reflectance> (TEST EXAMPLE 1)  An upward reflectance
was determined through a simulation performed as described below by using the illumination design
analysis software "Light Tools" available from ORA (Optical Research Associates).  First, a
directional reflecting surface made up of asymmetrical triangular pillars in the closest-packed state was
set. Setting conditions for the directional reflecting layer surface were as follows: Pitch: 100 pin Apex
angle a: 20 to 1600

reduced and energy-saving (e.g., reduction in the amount of
CO; emission) can be realized.

Further, since the plural asymmetrical triangular
pillars 4c are arraved in the one-dimensional pattern and
the apex angle o and the slope angle B of the triangular
pillars 4c are set to satisfy the above-mentioned formula
(1) or {2}, & high upward reflectance can be obtained. In
addition, the film thickness of the reflecting laver can be
reduced in comparison with that in the case where corner
cubes are two-dimensionally arrayed. As a result, the
optical film 1 can be fabricated at a lower cost.
<Modifications>

Modifications of the first embodiment will be described
below.

[First Modification!

Fig. 11A is & sectional view illustrating a first
modification of the first embodiment. Ag illustrated in Fig.
112, an optical film 1 according to the first modification
has an incident surface S1 in a concave-convex shape. The
concave—-convex shape of the incident surface 8§51 is formed to
follew the concave-convex shape of the first optical lavyer 4,
for example, such that positions of apex portions of
convexes and positions of bettom portions of concaves are
aligned between both the concave-convex shapes. The

concave—-convex shape of the incident surface 51 is



Slope angle P: 10 to 80 Type of reflecting layer: totally reflecting layer  Film thickness: film thickness
dl on the upper sloped surface and film thickness d2 on the lower sloped surface are constant  Next,
an imaginary sunlight source (color temperature of 6500K and wavelengths of 380 to 1200 nm) was
set as a light source P, and an upward reflectance was determined by causing light to be incident on
the directional reflecting surface from the direction of the incident angle (00, 0) - (60, 00). The
measurement result is plotted in Fig. 20. The following points are understood from Fig. 20. ~ When
the apex angle a and the slope angle p satisfy the following formula (1) or (2), the upward reflectance
of 80% or more

preferably gentler than that of the first optical laver 4.
[Saecond Modification]

Fig. 11IB is a sectional view illustrating & second
modification of the first embodiment. As illustrated in Fig.
11B, an optical film 1 according to the second medification
is formed such that apex portions of convexes in the
concave-convex shape of the first optical layer 4, on which
the reflecting layer 3 is formed, are substantially flush
with the incident surface 81 of the second optical layer 5.
<Z. Second Embodiment>

Fig. 12 is 2 sectional view illustrating one example of
construction of an optical film I according to a second
embodiment. The second embodiment differs from the first
embodiment in that a surface of the reflecting layer 3 on
the side preoviding the incident surface is exposed without
being embedded with the second cptical layer 5. From the
viewpoint of increasing durability of the reflecting layer 3,
a protective layer 52 is preferably formed on the surface of
the reflecting layer 3, which serves as the incident surface.
Preferably, the protective layer 52 is formed on the
reflecting layer 3 to follow the concave-convex surface of
the first optical layer 4. From the viewpoint of
directionally reflecting the incident light by the
reflecting layer 3, the protective layer 52 preferably has

transparency. The protective layer 52 can be made of, e.g.,



can be ensured: 305p54.5a-285

dielectric materials, such as SiN, ZnS-Si0,, AIN, Al,0s,
510:-Crz03-21r02, S$10:~In03;-2r0,, Tils, N, 05, and TaOs.

The second embodiment can also provide similar
advantages to those obtained with the first embodiment.
<3. Third Embodiment>

Fig. 13 is a sectional view illustrating one example of
construction of an optical film 1 according to a third
embodiment. The third embodiment differs from the first
embodiment in that the former further includes a self-
cleaning effect layer 51, which develops a cleaning effect
in itself, on an exposed surface of the optical film 1 on
the opposite side to one of the incident surface S1 and the
rear surface 52 thereof, which cne is affixed to the
adherend. The self-~cleaning effect layer 51 includes, for
example, a photocatalyst. For example, Ti0O, can be used as
the photocatalyst.

As described above, the optical film 1 is featured in
directiconally reflecting the incident light. When the
optical film 1 is used outdoors or in a dirty room, for
example, light 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
times. In other words, it is preferable that the surface of

the optical film 1 is superior in the water—-repellent or
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hydrophilic property, for example, and i1t can automatically
develop the self-cleaning effect.

According to the third embodiment, since the optical
film 1 includes the self-cleaning effect layer 51, the
water-repellent or hydrephilic property, for example, can be
given to the incident surface. Hence, it is possible to
suppress dirt and dust from adhering to the incident surface
and to suppress degradation of the directional reflection
characteristic.
<4. Fourth Embodiment>

While the first embodiment has been described above, by
way of example, in connection with case of applyving the
present technelogy to, e.g., the wall member, embodiments of
the present technology are not limited to the above-
described application and can be further applied to variocus
intericr and exterior members, etc. other than the wall
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 also to a device capable of
adjusting an amount of the transmitted and/or reflected
sunlight by moving an interior or external member depending
on changes in amount of the sunlight, which are caused with
the shift of seasocons and the elapse of time, etc., and

taking the adjusted amount of the sunlight into an indoor



a:5_100) -(2) Further, when the apex angle a and the slope angle p satisfy the following formula
(3) or (4), the upward reflectance of 100% can be ensured: 30p 5.a-40(705a5_80) 30p 5 -a + 150
(80 5_a100) <2. Relationship of incident angle and reflection angle versus upward reflectance> <2-1.
Calculation through simulation>

space, etc. In & fourth embodiment, one example of such a
device is described in connection with a solar shading
device (in the form of a window blind or a shade} capable of
adjusting a degree at which 2z group made up of plural solar
shading members cuts off the incident light, by changing an
angle of the solar shading member group.

Fig. 14 is a perspective view illustrating one example
of construction of a window blind (shade) 201 according to
the fourth embodiment. As illustrated in Fig. 14, the
window blind 201 as one example of the solar shading device
includes a head box 203, a slat group (solar shading member
group) 202 made up of plural slats (blades) 202a, and a
bottom rail 204. The head box 203 is disposed abcove the
slat group 202 made up of the plural slats 202a. Ladder
chords 206 and rise-and-fail chords 205 are extended
downward from the head box 203, and the bottom rail 204 is
suspended at lower ends of those chords. The slats 202a
gerving as the solar shading members are each formed in a
slender rectangular shape, for example, 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
operating member (not shown), such as a rod, for adjusting
an angle of the slat group 202 made up of the plural slats

202a.
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(TEST EXAMPLE 2) An upward reflectance was determined through a simulation performed as
described below by using the illumination design analysis software "Light Tools" available from ORA.
First, a directional reflecting surface having the following setting conditions was set: Type of prism
pattern: prism pattern 1 Type of reflecting layer: totally reflecting layer Film thickness: film
thickness dl on the upper sloped surface and film thickness d2 on the lower sloped surface are
constant Next, an imaginary sunlight source (color temperature of 6500K and wavelengths of 380
to 1200 rim) was set as a

The head box 203 serves as 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 into an
indoor space, for example. Further, the head box 203 has
the function ¢of a driving unit {railsing and lowering unit)
for ralising and lowering the slat group 202, as appropriate,
in accordance with operation ¢f an operating member, €.¢g., a
rise-and-fall operating chord 207.

Fig. 15A is a sectional view illiustrating a first
example of construction of the slat 202a. As illustrated in
Fig. 15A, the slat 20Za includes a base 211 and an optical
film 1. The optical £ilm 1 is preferably disposed on one of
two principal surfaces of the base 211, the one principal
surface being positioned on the side including an incident
surface on which extraneous light is incident when the slat
group 202 is in a closed state (£.y., on the side facing a
window member). The optical film 1 and the base 211 are
affixed to each other with an affixing layer, e.g., a
bonding laver or an adhesive layer, interposed between them.

The base 211 can be formed in the shape of, e.g., a
sheet, a film, or a plate. The base 211 can be made of,
e.9., glass, resin, paper, or cloth. 1In consideration of
the case of taking visible light into a predetermined indoor

space, for example, a resin having transparency 1is
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light source P, and an upward reflectance was determined while changing the incident angle (00, (1))
in the range of (0, 0) to (90, 0). The measurement result is plotted in Fig. 21A. (TEST EXAMPLE 3)

An upward reflectance was determined in a similar manner to that in TEST EXAMPLE 2 except for
modifying the setting conditions of the directional reflecting surface as follows. The measurement
result is plotted in Fig. 21B. Type of prism pattern: prism pattern 2 Type of reflecting layer: totally
reflecting layer Film thickness: film thickness dl on the upper sloped surface and film thickness d2
on the lower sloped surface are constant (TEST EXAMPLE 4)  An upward reflectance was
determined in a similar manner to that in TEST EXAMPLE 2 except for modifying the setting conditions

of the directignalreflecting suface asfollowseThe Mmeasunementdesult is plotted ip Fig.<210.
the resin, the paper, or the cloth used hers may be the same
as that generally used in ordinary rolling screens. The
optical film 1 used here may be cone type or a combination of
two or more types of the coptical films 1 according to the
above-described first to third embodiments.

Fig. 15B is a sectional view illustrating a second
example of construction of the slat 20Za. In the second
example, as i1llustrated in Fig. 15B, the optical film 1 is
used 1tself as the slat 202a. In this case, the optical
film 1 preferably has such a 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.
<5. Fifth Embodiment>

A £fifth embodiment will be described below in
connection with a reolling screen device, i.e., another
example of the solar shading device capable of adjusting a
degree at which a solar shading member cuts coff the incident
light, by winding or unwinding the scolar shading member.

Fig. 16A 1is a perspective view illustrating one example
of construction of a reclling screen device 301 according to
the fifth embodiment. As 1llustrated in Fig. 164, the
rolling screen device 301 as another example of the solar

shading device includes a screen 302, a head box 303, and a

h

core member 304. The head box 303 can raise and fall the



Type of prism pattern: prism pattern 3 Type of reflecting layer: totally reflecting layer Film
thickness: film thickness dl on the upper sloped surface and film thickness d2 on the lower sloped
surface are constant The following points are understood from Figs. 21A to 21C. In TEST
EXAMPLES 2 to 4, the incident light is retroreflected upward. More specifically, however, a proportion
of the retroreflection can be increased in TEST EXAMPLES 2 and 3 where the directional reflecting
surface is formed by the asymmetrical triangular pillars in comparison with that in TEST EXAMPLE 4
where the directional reflecting surface is formed by the symmetrical triangular pillars. Thus, in
TEST EXAMPLE 4 where the directional reflecting surface is formed by the symmetrical triangular

pillars, a downwatd refleciange isjocteased in compayisanwiththesein-TEST,EXAMPLES 2 and 3

where the directional reflecting surface is formed by the asymmetrical triangular pillars.
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 shaft.
further, the core member 304 is ccoupled to the other end of
the screen 302. referably, the screen 302 has flexibility.
The shape of the screen 302 is not limited to particular cne
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. 1¢B is a sectional view, taken along line XVIB-
XVIB in Fig. 16A, illustrating one example of construction
of the screen 302. As illustrated in Fig. 16B, the screen
302 includes a base 311 and an optical film 1. The screen
302 preferably has flexibility. The optical £ilm 1 1is
preferably disposed on one of two principal surfaces of the
base 311, the one principal surface being positioned on the
side including an incident surface on which extranecus light
is incident (e.g., on the side facing the window member).
The optical film 1 and the base 311 are affixed to each
cther with an affixing layer, a bonding layer or an adhesive
layer, interposed between them. Note that the construction
of the screen 302 1s not limited to the illustrated example

and the optical film I may be used itself as the screen 302Z.



<2-2. Measurement with actual samples> (EXAMPLE 1) First, an array of grooves each having a
two-dimensional shape in cross-section reversed to that of the triangular pillar, illustrated in Fig. 19A,
was formed on a Ni-P-made die by cutting with a byte. Next, a mixed resin (trade name DPHA made
by NIPPON KAYAKU Co., Ltd.) of dipentaerythritol hexaacrylate and dipentaerythritol pentaacrylate
was coated over the Ni-P-made die, and a PET film (A4300 made by Toyobo Co., Ltd.) having a
thickness of 75 Rl was placed on the mixed resin. Next, the mixed resin was irradiated with UV light
from the side including the PET film to cure the mixed resin. Next, a laminate of the resin and the
PET film was peeled off from the Ni-P-made die, thereby obtaining a resin layer (first optical layer)

having a shaped syriace. on which the plurat triangular pillags, gach as #ustrated inFig. 19A, were
arrayed in a one-dimensional pattern. Next, an AlTi layer (target composition: Ai/Ti = 98.5 at%/1.5

at%), serving:as the totally reflecting layer avas formedkinea thitkness af<1@G:rim orf the shaped
surface of the resin layer by vacuum sputtering. Next, the above-mentioned mixed resin was

coated ovefafi altefiatitiy muftitayer ﬁﬁ?&&allﬁ?l?eﬁé&% laye?) &GaRIARER pIhd’a PET film on the
mixed resmt@l@zd BH%“%P%QH?Q@%E@%M@%@%@ W%%gu'éedpg%determined indoor

space, for example, a resin having transparency 1s
preferably used as the material of the base 311. The glass,
the resin, the paper, or the cloth used here may be the same
as that generally used in ordinary rolling screens. The
optical film 1 used here may be cne type or a combination of
two or mere types of the optical films 1 according to the
above-described first to third embodiments.

.<6. Sixth Embodiment>

A sixth 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
shading portion provided with an opticeal body having the
directional refliective property.

Fig. 17A is a perspective view i1llustrating one examgle
of ceonstruction of a f£itting 401 according to the sixth
embodiment. As illustrated in Fig. 172, the fitting 401
inciudes a shading portion 404 provided with an optical body
402. More specifically, the fitting 401 includes the
optical bhody 402 and a frame member 403 that is disposed in
a peripheral poertion of the optical body 402. The optical

body 40Z 1s fixedly held by the frame member 403, but the
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irradiation with UV light to form a resin layer (second optical layer) on the alternating multilayer film. As
a result, an objective directional reflector in the form of an optical film was obtained. (EXAMPLE 2)

An optical film was obtained in a similar manner to that in EXAMPLE 1 except for that an array of
grooves each having a two-dimensional shape in cross-section reversed to that of the triangular pillar,
illustrated in Fig. 19B, was formed on a Ni-P-made die by cutting with a byte. (Reflection Distribution)
A reflection distribution was measured for each of incident angles 15, 30, 45, 60 and 75 by using a
spectroscopic GONIO photometer made by Lambda Vision Inc. The measurement results are plotted
in Figs. 225 and 235. Note that Figs. 22A and 23A plot the calculation results (calculation results in

TEST EXAMBLES 2 and;3) thysugh simulatigns. performed upder the. same, sgtting conditions as those
for the directional reflecting surfaces in EXAMPLES 1 and 2. As seen from Figs. 22A to 235, the

measurementsesuaksiof theyupivard reflectance iy EXAMPLES: 1 andri2 obtaingd by assing the actual
samples have a similar tendency to the calculation results in TEST EXAMPLES 2 and 3 obtained by

performing the sﬁﬁﬁl’éﬁiBﬁs.@é RElatioRsAibtof dlofe angyle et MATthickness ofLass-
‘Nane”9”%§%@85V%Eﬂ%%%@9J8¥§Gi applications of the present technology

are not limited to such an example and embodiments of the
present technology can be applied Lo Vafious types of
fittings that include shading portions.

Fig. 17B is a sectional view illustrating one example
of construction of the optical body 40Z. As illustrated in
Fig. 17B, the optical body 402 includes a base 411 and an
optical film 1. The optical film 1 is disposed on cne of
two principal surfaces of the base 411, the one principal
surface being positicned on the side including an incident
surface on which extranecus light is incident (e.g., on the
side facing the window member or outward). The optical film
1 and the base 411 are affixed to each other with an
affixing layer, e.g., a bonding layer or an adhesive laver,
interposed between them. Note that the construction of the
shoji (specificelly the optical body 402} is not limited tc
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 sach having flexibility. The base 411 can be made of,
&.9., glass, resin, paper, or cloth. In consideration of

the case of taking visible light intc a predetermined indoor



(REFERENCE EXAMPLE 1) First, an array of grooves each having a two-dimensional shape in
cross-section reversed to that of the triangular pillar, illustrated in Fig. 19A, was formed on a
Ni-P-made die by cutting with a byte. Next, a mixed resin (trade name DPHA made by NIPPON
KAYAKU Co., Ltd.) of dipentaerythritol hexaacrylate and dipentaerythritol pentaacrylate was coated
over the Ni-P-made die, and a PET film (A4300 made by Toyobo Co., Ltd.) having a thickness of 75
lam was placed on the mixed resin. Next, the mixed resin was irradiated with UV light from the side
including the PET film to cure the mixed resin. Next, a laminate of the resin and the PET film was
peeled off from the Ni-P-made die, thereby obtaining a resin layer (first optical layer) having a shaped

o i o e L e e e
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 be one type or a
combination of two or more types of the optical films 1
according to the above-described first to third embodiments.
[EXAMPLES]

The present technology will be described in more detail
below in connection with TEST EXAMPLES and EXAMPLES, but the
present technology is ncot limited to the following TEST
EXAMPLES and EXAMPLES.

Fig. 18 is an illustration to explain the definition of
upward reflectance.

In the fcllowing TEST EXAMPLES and EXAMPLES, the upward
reflectance 1s defined as follows;

upward reflectance Ru = [{total power of light
reflected in upward direction) / (total power of incident
Iight)] x 100

where power of incident light = (power of light
reflected in upward direction) + (power of light reflected

in downward direction),

upward directicn: reflection angle (8, ¢) = (80°, ¢) to
(10°, ¢,
downward direction: reflection angle (8, ¢) = (10°, §)



on the shaped surface of the resin layer by vacuum sputtering. As a result, an objective directional
reflector in the form of an optical film was obtained. First layer : GA20 layer Second layer: AQNdCu
layer Third layer : GAZO layer Fourth layer: A NdCu layer Fifth layer : GAZO layer (REFERENCE
EXAMPLE 2) An optical film was obtained in a similar manner to that in REFERENCE EXAMPLE 1
except for that an array of grooves each having a two-dimensional shape in cross-section reversed to
that of the triangular pillar, illustrated in Fig. 19B, was formed on a Ni-P-made die by cutting with a
byte.

toe (=-%0°, ¢), and
direction of 8 = 10° is included in the upward directiocn.

In the following TEST EXAMPLES and EXAMPLES, assuming a
state that the optical film is affixed to the adherend, e.g.,
the wall member, as illustrated in Fig. 18, a first surface
Spl of twe surfaces forming the triangular pillar, which is
positioned on the upper side, is called an upper surface Spl,
and a second surface SpZ, which is positioned on the lower
side, is called a lower surface SpZ.

Further, a film thickness of a totally reflecting layer
or a wavelength-selective reflecting layer formed on the
upper surface Spl (i.e., the first film thickness dl in Fig.
4B} is called a film thickness dl on an upper sloped surface,
and a film thickness of a totally reflecting layer or a
wavelength-selective reflecting layer formed on the lower
surface Sp2 {i.e., the second film thickness d2 in Fig. 4B)
is called a film thickness d2 on a lower sloped surface.

In the following TEST EXAMPLES and EXAMPLES, prism
patterns 1 to 3 are defined as follows.

{Prism Pattern 1)

Fig. 194 is a sectional view illustrating the shape of
the prism pattern 1. The prism pattern 1 is a pattern that
is formed by packing asymmetricsal triangular pillars In the
closest-packed state under setting conditions given below:

Pitch: 100 um



(REFERENCE EXAMPLE 3)  An optical film was obtained in a similar manner to that in
REFERENCE EXAMPLE 1 except for that an array of grooves each having a two-dimensional shape
in cross-section reversed to that of the triangular pillar, illustrated in Fig. 19C, was formed on a
Ni-P-made die by cutting with a byte. (REFERENCE EXAMPLE 4) First, an array of corner cubes,
illustrated in Figs. 24A to 24C, was formed on a Ni-P-made die by cutting with a byte. Next, urethane
acrylate (ARONIX made by TOAGOSEI CO., LTD., refractive index of 1.533 after being cured) was
coated over the Ni-P-made die, and a PET film (A4300 made by Toyobo Co., Ltd.) having a thickness
of 75 pm was placed on the coated resin. Next, the coated resin was irradiated with UV light from the
side including theRET film to.cyre the coated resin. Next, a laminate of the resin and the PET film
was peeled off from the Ni-P-made die, thereby obtaining a resin layer (first optical layer) having a
shaped surface, éh-whicre maly ¢orngkcubes were two-dimensionally arrayed. Next, a multilayer film
was formed on the shaped surface of the resin layer by vacuum sputtering under the same film
forming condition A¥thosE in REFERENCE EXAMPLE 1. As a result, an objective directional reflector

in the form of an_gpticalfilmwas obtained.

Fig. 19B is & sectional view illustrating the shape of
the prism pattern 2. The prism pattern 2 1s a pattern that
is formed by packing asymmeirical triangular piliars in the
closest-packed state under setiting conditions given below:

Pitch: 100 pm

Apex angle o: 90°

Slope angle P: 35°

Symmetry: asymmetric
{Prism Pattern 3)

Fig. 19C is a sectional view illustrating the shape of
the prism pattern 3. The prism pattern 3 is a pattern that
is formed by packing asymmetrical triangular pillars in the
closest-packed state under setting conditions given below:

Pitch: 100 pm

Apex angle o: 90°

Slope angle B: 45°

Symmetry: symmetric

In the following TEST EXAMPLES and EXAMPLES, the
wavelength-selective reflecting laver and the totally
reflecting laver are defined as follows.

(Wavelength-Selective Reflecting Layer)
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(Method of Measuring Film Thickness) Fig. 25A is an illustration to explain a method of measuring
a mean film thickness of each layer in the multilayer film of the wavelength-selective reflecting layer in
REFERENCE EXAMPLES 1 to 3. The mean film thickness of each layer in the multilayer film of
the wavelength-selective reflecting layer in REFERENCE EXAMPLES 1 to 3 was measured as follows.
First, the optical film was cut in a direction perpendicular to the ridgeline of the triangular pillar by using
an FIB (Focused lon Beam) to form a cross-section. Then, a film thickness t2 of each layer in a
direction n2 was measured at a midpoint of each of two sides forming a triangular shape of the
cross-section by using a TEN (Transmission Electron Microscope). The measurement was repeated at

arbitrary 10 pointsQn the.Qptical filmsand measured valles; were simply ayveraged (arithmetically
averaged), thereby obtaining the mean film thickness. The reason why the film thickness is measured
by specifying: fhe: nieasuresrent pokitions«s!describedlabove resides inithat, when the film thickness
of the wavelength-selective reflecting layer formed on the triangular pillar is measured, it differs

depending 8h%& p6&#ibh diftte S1bpéd Surface ttheTriafgar piiar BEafftistratéd in Eig. 25A. In Fig.
25A, nl andn2.represent. the fallowing gg%gggn%and Direction.nl: direction perpendicular to the

sloped surface of the triangular pillar formed'in the PET film Direction n2: direction perpendicular to
the principalsurtaceyofthé IRET filmy (Ley<hirection of thickness of the PET film) Fig. 25B is an

illustration to explain a method of measuring a mean film thickness of each Igyer in the multilayer film
of the wavelength-88lechivé réflectig-ayer IFREEERENTE EXAMPEEAY laver that

reflects all {100%) of the incident light regardless of the
wavelength band.
TEST EXAMPLES and EXAMPLES will be described below in
the fcollowing order.
1. Relationship of apex angle o and slope angle B versus
upward reflectance
2. Relationship of incident angle and reflection angle
versus upward reflectance
Z2-1. Calculation through simulation
2-Z. Measurement with actual samples
3. Relaticnship of slope angle versus film thickness of
wavelength-selective reflecting layer
4. Relationship of wavelength versus upward reflectance
5. Relationship of incident angle versus upward
reflectance
6. Relationship of wavelength and incident angle wversus
upward reflectance
<1. Relaticnship of apex angle o and slope angle  versus

upward reflectance>

_66_



The mean film thickness of each layer in the multilayer film of the wavelength-selective reflecting layer
in REFERENCE EXAMPLE 4 was measured as follows. First, the optical film was cut along a plane
including one of sides forming the corner cube by using an FIB to form a cross-section. Then, a film
thickness t2 of each layer in a direction n2 was measured at a midpoint of a perpendicular line with
respect to a triangle forming the corner cube by using a TEM. The measurement was repeated at
arbitrary 10 points on the optical film, and measured values were simply averaged (arithmetically
averaged), thereby obtaining the mean film thickness. Herein, the term "perpendicular line with respect
to a triangle" implies a perpendicular line that is drawn from the apex of a triangle, which forms a
pyramidal surfage efatfiangular pyramid, to a subtense (i.e., a bottom side of the triangle). The
reason why the film thickness is measured by specifying the measurement positions as described
above resides in that\when he fifmhthickness of thedwavelehgtiaselectiveireflecting layer formed on

the corner cube 'sﬁr{leasured,%ft diffe(rjs dependinczg an %pkg)sgtion n the trian I? forming the corner cube
as illustrated'in ig. 253. Fﬁeﬁg?%@, ntandhZ relpr%senfe the fo 3W1ilnsgl8ic1zec ions: Direction nl:

direction perpengdicular tathe sloped surface ofthe.gorper cube fgrmeddn the:PET film  Direction
n2: direction perpendicular to the principal surface of the PET film (i.e., direction of thickness of the
PET film) avkigl 26¥eillGstratesfim{thickivesseB €files thibkdessesiditorsthe upward sloped surface) of
the layers in the multilayer film of the wavelength-selective reflecting layer formed on the upward

sloped surface SPI(E8& Fi. £8)iheach 8 REFERENCEERAMBLESEES 4Bnd Fig. 268 illustrates

film thicknesses(film thicknessesd2,0n the downward sloped surace).of thelayers.intbe multilayer
film of the wavelength-selective reflecting layer formed on the downward sloped surface 5p2 (see Fig.

18) in eachvef<REEERENEEEXAMPLES i to4. The: fallowing peintscare lundefsteodifram Figs. 26A
and layer surface were as follcows:
Pitch: 100 pum
Apex angle o: 20 to 160°
Slope angle $: 10 to 80°
Type of reflecting laver: totally reflecting lavyer
Film thickness: film thickness dl on the upper sloped
surface and film thickness dZ on the lower sloped surface
are constant
Next, an imaginary sunlight scurce {color temperature
of 6500K and wavelengths of 380 to 1200 nm) was set as a
light source P, and an upward reflectance was determined by
causing light to be incident on the directional reflecting
surface from the direction of the incident angle (0, ¢) =
(60°%, 0°). The measurement result is plotted in Fig. 20.
The following points are understood from Fig. 20.

When the apex angle o and the slope angle [} satisfy the

following formula (1} or (2}, the upward reflectance of 803
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In REFERENCE EXAMPLES 1 and 2 in which the directional reflecting surface is formed by the
asymmetrical triangular pillars, the film thickness of the wavelength-selective reflecting layer on the
upper reflecting layer Spl or the lower reflecting layer Sp2 can be reduced. On the other hand, in
REFERENCE EXAMPLE 3 in which the directional reflecting surface is formed by the symmetrical
triangular pillars, the film thicknesses of the wavelength-selective reflecting layers on both the upper
reflecting surface and the lower reflecting surface are increased in total. Further, in REFERENCE
EXAMPLE 4 in which the directional reflecting layer is formed by the corner cubes, the film thickness
of the wavelength-selective reflecting layer is relatively large on each of three triangular surfaces
forming the.corpst-gubg., 1Thys, when the directional reflecting surface is formed by the
asymmetrical triangular pillars, the film thickness of the wavelength-selective reflecting layer can be
reduced in entiretyGassc@mpatedavith that whkh thexdife@tibnal reflecting.surface is formed by the
symmetrical trian%ulaL p'IIa{rs or the cornerrcufbes. Consequently, the optical film can be manufactured
at a lower cost. <4“Rélatiohship sfwhvefehgth Vers¥s Gpwakd reflectance (TEST EXAMPLE 5) An

upward reflectange,was determingd through.a simylation performed as. described.bglow by using the
illumination design analysis software "Light Tools" available from ORA.

satlisfy the following formula (3) or (4), the upward

reflectance of 100% can be ensured:

30 £ B £ a - 40 (70 £ a £ 80) - (3)

30 £ B2 -+ 150 (80 £ a £ 100} o (4)
<Z. Relaticnship of incident angle and reflecticn angle
versus upward reflectance>
<Z2-1. Calculation through simulation>
(TEST EXAMPLE 2)

An upward reflectance was determined through a
simulation performed as described below by using the
iliumination design analjsis software "Light Tools”
available from ORA.

First, a directional reflecting surface having the
following setting conditions was set:

Type of prism pattern: prism pattern 1

Type of reflecting laver: totally reflecting layer

Fiim thickness: film thickness dl on the upper sloped
surface and film thickness d2 on the lower sloped surface
are constant

Next, an imaginary sunlight source {color temperature

of 6500K and wavelengths of 380 to 1200 nm) was seb as a



First, a directional reflecting surface having the following setting conditions was set: Type of prism
pattern: prism pattern 1 Type of reflecting layer: totally reflecting layer Film thickness: film
thickness dl on the upper sloped surface and film thickness d2 on the lower sloped surface are
constant Next, an imaginary sunlight source (color temperature of 6500K and wavelengths of 380
to 1200 nm) was set as a light source P, and an upward reflectance was determined in the
above-mentioned range of wavelengths by causing light to be incident on the directional reflecting
surface from the direction of the incident angle (00, 0) - (60, 0). The measurement result is plotted in
Fig. 27A. (TEST EXAMPLE 6) An upward reflectance was determined in the above-mentioned

range of wavelengths in a.sipilar manner o thatin, TEST EXAMPLE B except for gdifying the setting
conditions of the directional reflecting surface as follows. The measurement result is plotted in Fig.
27A. Type ofprism pattegirprishpatteri @ent angle (65, ¢) in the range of (0°,
0°) to (90°, 0°). The measurement result is plotted in Fig.
21A.
(TEST EXAMPLE 3)
An upward reflectance was determinaed in a similar
manner to that in TEST EXAMPLE 2 except for modifving the
setting conditions of the directional reflecting surface as
fellows. The measurement result is plotted in Fig. 21B.
Type of prism pattern: prism pattern 2
Type of reflecting laver: totally reflecting laver
Film thickness: £ilm thickness dl on the upper sloped
surface and film thickness d2 on the lower sloped surface
are constant
(TEST EXAMPLE 4)
An upward reflectance was determined in a similar
manner to that in TEST EXAMPLE 2 except for modifying the
setting conditions of the directicnal reflecting surface as
follows. The measurement result is plotted in Fig. ZzZ1C.
Tvpe of prism pattern: prism pattern 3
Type of reflecting layer: totally reflecting laver
Film thickness: film thickness dl on the upper sloped
surface and film thickness d2 on the lower sloped surface
are constant

The following points are understood from Figs. Z1A to



Type of reflecting layer: totally reflecting layer Film thickness: film thickness dl on the upper sloped
surface and film thickness d2 on the lower sloped surface are constant (TEST EXAMPLE 7) An
upward reflectance was determined in the above-mentioned range of wavelengths in a similar manner
to that in TEST EXAMPLE 5 except for modifying the setting conditions of the directional reflecting
surface as follows. The measurement result is plotted in Fig. 27A. Type of prism pattern: prism pattern
3 Type of reflecting layer: totally reflecting layer Film thickness: film thickness di on the upper
sloped surface and film thickness d2 on the lower sloped surface are constant

21C.

In TEST EXAMPILES 2 to 4, the incident light is
retroreflected upward. More specifically, however, a
proportion of the retroreflection can be increased in TEST
EXAMPLES 2 and 3 where the directional reflecting surface 1is
formed by the asymmetrical triangular pillars in compariscn
with that in TEST EXAMPLE 4 where the directicnal reflecting
surface is formed by the symmetrical triangular pillars.

Thus, in TEST EXAMPLE 4 where the directicnal
reflecting surface is formed by the symmetrical triangular
pillars, a downward reflectance i1s increased in comparison
with those in TEST EXAMPLES 2 and 3 where the directicnal
reflecting surface is formed by the asymmetrical triangular
pillars.
<2-2. Measurement with actual samples>
{EXAMPLE 1)

First, an array of grooves each having & two-
dimensional shape 1in cross-section reversed to that of the
triangular pillar, illustrated in Fig. 192, was formed on a
Ni-P-made die by cutting with a byte. Next, a mixed resin
{(trade name DPHA made by NIPPON KAYAKU Co., Ltd.) of
dipentaerythritel hexaacrylate and dipentaerythritcl
pentaacrylate was coated over the Ni-P-made die, and a PET
film (A4300 made by Toyobo Co., Ltd.) having a thickness of

75 um was placed on the mixed resin. Next, the mixed resin



The following points are understood from Figs. 27A to 270. In TEST EXAMPLES 5 to 7 in which
the direction reflecting surface is formed by the triangular pillars, the upward reflectance depends on
wavelength, and it tends to increase when the wavelength exceeds about 650 nm. The increasing
tendency of the upward reflectance is significantly larger in TEST EXAMPLE 6. (TEST EXAMPLE 8)
An upward reflectance was determined in the above-mentioned range of wavelengths in a similar
manner to that in TEST EXAMPLE 5 except for causing light to be incident on the directional reflecting
surface from the direction of the incident angle (ea, 0) = (40, 00) and (600, 00).The measurement
result is plotted in Fig. 273.

was lrradiated with UV light from the side including the PET
film to cure the mixed resin.

Next, a laminate of the resin and the PET film was
peeled off from the Ni-P-made die, thereby obtaining a resin
layer (first cptical layer) having a shaped surface, on
which the plural triangular pillars, each as illustrated in
Fig. 19A, were arrayed in a one-dimensional pattern. Next,
an AlTi layer (target composition: ALl/Ti = 98.5 at%/1.5 at%),
serving as the totally reflecting laver, was formed in a
thickness of 100 nm on the shaped surface of the resin layer
by wvacuum sputtering,.

Next, the above-mentioned mixed resin was coated over
an alternating multilayer film (teotally reflecting laver)
again. Affer placing a PET film cn the mixed resin and
purging out bubbles, the mixed resin was cured by
irradiation with UV light to form a resin layer (second
optical laver) on the alterxnating multilayer film. As a
result, an objective directional reflecter in the form of an
cptical film was obtained.

{(EXAMPLE 2)

An optical film was obtained in a similar manner to
that in EXAMPLE 1 except for that an array of grooves each
having a two-dimensicnal shape in cross-section reversed to
that of the trianculaxr pillar, i1llustrated in Fig. 19B, was

formed on a Ni-P-made die by cutting with a byte,



The following points are understood from Fig. 273. The upward reflectance is lower at the incident
angle (00, 0) - (40, 0) than at the incident angle (80, 0) - (60, 0). In other words, an increase in the
upward reflectance in a longer wavelength band is reduced at a smaller incident angle 00. <5.
Relationship of incident angle versus upward reflectance> (TEST EXAMPLE 9) An upward
reflectance was determined through a simulation performed as described below by using the
illumination design analysis software "Light Tools" available from ORA. First, a directional
reflecting surface having the following setting conditions was set: Type of prism pattern: prism pattern
2

({Reflection Distribution)

A reflection distribution was measured for each of
incident angles 15°, 30°, 45°, 60° and 75° by using a
spectroscopic GONIO photometer made by Lambda Vision Inc.
The measurement results are plotted in Figs. ZZB and Z3B.
Note that Figs. 22A and 23A plot the calculation results
{calculation results in TEST EXAMPLES 2 and 3) through
simulations performed under the same setting conditions as
those for the directicnal reflecting surfaces in EXAMPLES 1
and 2.

Ag seen from Figs. 222 to 23B, the measurement results
of the upward reflectance in EXAMPLES 1 and 2 obtained by
using the actual samples have a similar tendency to the
calculation results in TEST EXAMPLES Z and 3 obtained by
performing the simulations.
<3. Relationship of slope angle versus film thickness of
wavelength-selective reflecting layer>
{REFERENCE EXAMPLE 1)

First, an array of grooves each having a two-
dimensicnal shape in cress-—-section reversed to that of the
triangular pillar, illustrated in ¥Fig. 19%A, was formed on a
Ni-P-made die by cutting with a byte. Next, a mixed resin
(trade name DPHA made by NIPPON KAYAKU Co., Ltd.) of
dipentaerythritol hexaacrylate and dipentaerythritol

pentaacrylate was ceoated over the Ni-P-made die, and a PET
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Type of reflecting layer: totally reflecting layer Film thickness: film thickness dl on the upper sloped
surface and film thickness d2 on the lower sloped surface are constant Next, an imaginary sunlight
source (color temperature of 6500K and wavelengths of 380 to 1200 nm) was set as a light source P,
and an upward reflectance was determined by causing light to be incident on the directional reflecting
surface from the direction over a range of the incident angle (00, (1)) = (0, 0) to (80, 0).The
measurement result is plotted in Fig. 28A. (TEST EXAMPLE 10) An upward reflectance was
determined in a similar manner to that in TEST EXAMPLE 9 except for modifying the type of the
reflecting layer to the wavelength-selective reflecting layer. The measurement result is plotted in Fig.

28A. film (R4300 made by Toyecbe Co., Ltd.} having a thickness of
75 um was placed on the mixed resin. Next, the mixed resin
was irradiated with UV light from the side including the PET
film to cure the mixed resin.

Next, a laminate of the resin and the PET film was
peeled off from the Ni-P-made die, thereby obtaining a resin
layver (first optical laver) having a shaped surface, on
which the plural triangular pillars, each illustrated in Fig.
198, were arrayed in a one-dimensional pattern. Next, a
multilayer £ilm made up of the following layers was formed
on the shaped surface of the resin layer by wvacuum
gsputtering. As a result, an objective directicnal reflector
in the form of an optical film was obtained.

First layer : GARZO layer

Second layer: AgNdCu laver

Third layer : GRZO layer

Fourth layer: AgNdCu laver

Fifrh layer : GAZQO layer
{REFERENCE EXAMPLE 2)

An optical film was obtained in a similar manner to
that in REFERENCE EXAMPLE 1 except for that an array of
grooves each having a two-dimensional shape in cross-section
reversed to that of the triangular pillar, illustrated in
Fig. 19B, was formed on a Ni-P-made die by cutting with a

byte.



As seen from Fig. 28A, there is a similar tendency in dependence of the upward reflectance on the
incident angle between when the reflecting layer is the wavelength-selective reflecting layer and when
the reflecting layer is the totally reflecting layer. In other words, the upward reflectance tends to partly
drop in a certain angle range about 40 regardless of which type of the reflecting layer is used. <6.
Relationship of wavelength and incident angle versus upward reflectance> (TEST EXAMPLE 11)

An upward reflectance was determined through a simulation performed as described below by using
the illumination design analysis software "Light Tools" available from ORA. First, a directional
reflecting surface having the following setting conditions was set: Type of prism pattern: prism pattern

2 {REFERENCE EXAMPLE 3)

An optical film was obtained in a similar manner to
that in REFERENCE EXAMPLE 1 except for that an array of
grooves each having a two-dimensional shape in cross-—section
reversed to that of the triangular pillar, illustrated in
Fig. 19C, was formed on a Ni-P-made die by cutting with a
byte.

{REFERENCE EXAMPLE 4)

First, an array of corner cubes, illustrated in Filgs.
248 to 24C, was formed on a Ni-P-made die by cutting with a
byte. Next, urethane acrylate {(ARONIX made by TOAGOSEI CO.,
LTD., refractive index of 1.533 after being cured) was
coated over the Ni-P-made die, and a PET £ilm (A4300 made by
Toycbe Co., Ltd.) having a thickness of 75 um was placed on
the coated resin. Next, the coated resin was ilrradiated
with UV light from the side including the PET film to cure
the coated resin.

Next, a laminate of the resin and the PET film was
peeled off from the Ni-P-made die, thereby obtaining a resin
layer (first optical layer) having a shaped surface, o©n
which many corner cubes were two-dimensicnally arraved.
Next, a multilayer film was formed on the shaped surface of
the resin layer by vacuum sputiering under the same film
forming conditions as those in REFERENCE EXAMPLE 1. As a

result, an objective directional reflecter in the form of an



Type of reflecting layer: wavelength-selective reflecting layer Film thickness: film thickness dl on
the upper sloped surface and film thickness d2 on the lower sloped surface are constant Next, an
imaginary sunlight source (color temperature of 6500K and wavelengths of 380 to 1200 nm) was set
as a light source P, and an upward reflectance was determined by causing light to be incident on the
directional reflecting surface from the direction over a range of the incident angle (00,= (0, 0) to (80,
0).The measurement result is plotted in Fig. 28B. As seen from Fig. 283, there is a peak of the
upward reflectance about the incident angle of 60 in a wavelength band of 1100 to 1200 rim. To
summarize the above-described results, the following points are understood regarding the prism

patterns 1 tg,3: ; -, Becpuge,of having, the.gsymmetrical shape, the prism pattern 1 has a large
difference in film thickness between two sloped surfaces. The upward reflectance obtained with

{(Method of Measuring Film Thickness)

Fig. Z25A is an illustration to explain a method of
measuring a mean film thickness of each laver in the
multilayer film of the wavelength-selective reflecting layer
in REFERENCE EXAMPLES 1 to 3.

The mean film thickness of each layer in the multilayer
film of the wavelength-selective reflecting layer in
RLFERENCE EXAMPLES 1 to 3 was measured as follows. First,
the optical film was cut in a direction perpendicular tc the
ridgeline of the triangular pillar by using an FIB {Focused
Icn Beam) to form a cross-section. Then, a film thickness
t2 of each layer in a direction n2 was measured at a
midpoint of each of two sides forming a triangular shape of
the cross-section by using a TEM (Transmission Electron
Microscope). The measurement was repeated at arbitrary 10
points on the optical film, and measured values were simply
averaged (arithmetically averaged), thersby obtaining the
mean film thickness. The reason why the film thickness is
measured by specifying the measuremeni positions as
described above resides in that, when the film thickness of
the wavelength-selective reflecting layver formed on the
triangular pillar is measured, it differs depending on a
positlon on the sloped surface of the triangular pillar as

illustrated in Fig. 25A. In Fig. 25A, nl and nZ represent



the prism pattern 1 tends to become smaller than that obtained with the prism pattern 2. When the
totally reflecting layer is used as the reflecting layer, the prism pattern 1 is preferably used as the type
of the prism pattern. The prism pattern 2 also has the asymmetrical shape, but it has a smaller
difference in film thickness between two sloped surfaces than that in the prism pattern 1. The upward
reflectance obtained with the prism pattern 2 can be increased to 50% or higher in the infrared range
(i.e., in the range of not shorter than about 1150 nm). Because of having the symmetrical shape,
the prism pattern 3 has no difference in film thickness between the two sloped surfaces. In the case
using the prism pattern 3, the reflection performance with the totally reflecting layer is low, and a high

upward reflectanee;is ot .abtained evenwith the wavelength-selective reflecting layer. While the
embodiments of the present technology have been described in detail above, the present technology

is not limited to thelalsove-described enodiments: apdcande varidusly meodifiedwn the basis of the
technical concept of the present technology. For example, the constructions (configurations), the

methods, tHe §haFEs, the THateriate THE HimECA VAT e edplaingdiin thé 1drRgoing
embodiments areynetely ; mentioned for llustiative pyrpose. and diffsrent copsiructions

(configurations), methods, shapes, materials, numerical values, etc. can also be used when
necessary.surAbsoe the conhstraetionsi(configurations) ire thei ahove:described embddinteats can be
selectively ggrlpb%rlel?ﬁ \)Nith each other without departing from the scope of the present technology.

Tig. 20B is an illustration to explain a method of
measuring a mean film thickness of each layer In the
multilayer f£ilm of the wavelength-selective reflasctling layer
in REFERENCE EXAMPLE 4.

The mean film thickness cof each layer in the multilayer
film of the wavelength-selective reflecting layer in
REFERENCE EXAMPLE 4 was measured as follows. First, the
optical film was cut along a plane including one of sides
forming the corner cube by using an FIB to form a cross-
section. Then, a film thickness t2 of each lavyer in a
direction n2Z was measured at a midpoint of & perpendicular
line with respect to a triangle forming the corner cube by
using a TEM. The measurement was repeated at arbitrary 10
points on the optical film, and measured values were simply
averaged (arithmetically averaged), thereby obtaining the
mean f£ilm thickness. Herein, the term "pearpendicular line
with respect Lo a triangle" implies a perpendicular line
that 1s drawn from the apex of a triangle, which forms a

pyramidal surface of a triangular pyramid, to a subtense
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While the foregoing embodiments 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 electrically operated. = 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 wall member. However, the adherend, such as the wall member, may be
constituted as the first optical layer or the second optical layer itself of the optical film. That
modification enables the adherend, such as the wall member, to have the directional reflection function
in advance.  While the foregoing embodiments have been described, by way of example, in

connection with.the gase, whete thejoptical-bedy:isthe pptical film,the shape ofitheaptical body is not
limited to a film, and the optical body may have a plate- or block-like shape. While the foregoing
embodimenits havelbeemdescrised dnpway dflexample L ihvconnectionmwiths thesgase: of applying the
present technology to the interior or exterior members, such as the wall member, the fitting, the slat of

the windowbiiid: BRAThBSSCrES ot HE réiiRy Screehd&vice “appittatiol Bxampies ot the present

technology-are not Simited:to. the illustrated pnes, and embadiments of the present technology are
further applicable to other interior and exterior members than the above-described ones.  While the

foregoing ehabbodiments have dbeemcdescribed; bymeays of edampte,dn Coanectiop withithe case of
applying the present technology to the window blind and the rolling screen device, application

examples dtthé préSent't8Bhidlogl aré not ifited o the ifustited GHEST and¥mBddiments of the
present technelogy,are fyrther Eaggljc%kgg to varioys éypg% glﬁ sqlar shading devices installed on the

indoor or outdoor side.  While the foregoing embodiments have been described, by way of example,
in connectiohavithotheceaseyotiappelyingthe :present technology to the solar shading device (e.g., the
rolling screen device) where a degree at which the solar shading member cuts off the incident light can

be adjusted by taRHa@%%?%tﬁﬁg ot H5E SO SHEERTY Arefaet™ aﬁﬁliéaﬁ)nsé%ﬁles of the present
technology are not limited 1o the Jllystrated one: For example, empodirpents of

Direction nZ: direction perpendicular to the principal
surface of the PET film {(i.e., direction of thickness cof the
PET film)

Fig. 26A illustrates film thicknesses (film thicknesses
dl con the upward sloped surface) cf the layers in the
multilayer film of the wavelength-selective refliecting laver
formed on the upward sloped surface Spl (see Fig. 18) in
each of REFERENCE EXAMPLES 1 to 4, and Fig. 26B illustrates
film thicknesses {film thicknesses d2 on the downward sloped
surface) of the layers in the multilayer film of the
wavelength-selective reflecting layer formed on the downward
sloped surface Sp2 (see Fig. 18) in each of REFERENCE
EXAMPLES 1 to 4.

The following points are understood from Figs. 26A and
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the present technology 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 example 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 adjusted 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 to a horizontal-type window blind (Venetian window blind), embodiments of the
present technology are further applicable to a vertical-type window blind. =~ The present disclosure

contains SUbje?t MAULE Felated-to %J@iﬁ.‘{i@ﬁ@ i&éﬁ%&%%ﬁi%ﬂ%‘%@%ﬁé@@@%@% JP
2010-137783 filed in the Japan Patent Office on June 16, 2010, the entire contents of which are

hereby incorpbiatedbyarefereices 1dt Shoulddbeundérstecy bythose skilled intige detthat various
modifications, combinations, sub-combinations and alterations may occur depending on design

requiremerttd ahd ther fittdrs ifisbfar ASTRES aré within tRe §L6P O 1n€ Afpendéd claims or the
equivalents thereof, ;GLAMS: 1. An aptical,ppdy comprising: @ syubstrateshaving agoncave-convex

surface;
lower reflecting laver Sp2 can be reduced.

On the other hand, in REFERENCE EXAMPLE 3 in which the
directional reflecting surface is formed by the symmetrical
triangular pillars, the film thicknesses of the wavelength-
selective reflecting lavers on both the upper reflecting
surface and the lower reflecting surface are increased in
total. Further, in REFERENCE EXAMPLE 4 in which the
directional reflecting layer is formed by the corner cubes,
the film thickness of the wavelength~selective reflecting
layer 1s relatively large on each of three triangular
surfaces forming the corner cube.

Thus, when the directicnal reflecting surface iz formed
by the asymmetrical triangular pillars, the film thickness
of the wavelength~selective reflecting laver can be reduced
in entirety as compared with that when the directioconal
reflecting surface is formed by the symmetrical triangular
pillars or the corner cubes. Consegquently, the optical film
can be manufactured at a lower cost.
<4. Relationship of wavelength versus upward reflectance>

(TEST EXAMPLE Z)

An upward reflectance was determined through a



a reflecting layer formed on the concave-convex surface; and an optical layer formed on the
reflecting layer to embed the concave-convex surface, wherein the reflecting layer directionally
reflects light, the concave-convex surface is made up of a plurality of triangular pillars arrayed in a
one-dimensional pattern,and the triangular pillar has an apex angle a and a slope angle p,the apex
angle a and the slope angle p satisfying a formula(1)or(2)given below: 30

simulation performed as described below by using the
iliumination design analysis scftware "Light Toocls"
available from ORA,

First, a directiconal reflecting surface having the
following setting conditions was set:

Type of prism pattern: prism pattern 1

Type of reflecting lavyer: totally reflecting laver

Film thickness: film thickness dl on the upper sloped
surface and film thickness d2 on the lower sloped surface
are constant

Next, an imaginary sunlight socurce (color temperature
of 6500K and wavelengths of 380 te 1200 nm) was set as a
light source P, and an upward reflectance was determined in
the above-mentioned range of wavelengths by causing light to
be incident on the directional reflecting surface from the
direction of the incident angle (6y, ¢) = (60°, 0°). The
measurement result is plotted in Fig. Z7A.

(TEST EXAMPLE &)

An upward reflectance was determined in the above-
mentioned range of wavelengths in a similar manner to that
in TEST EXAMPLE 5 except for modifying the setting
conditions of the directional reflecting surface as follows.
The measurement result is plotted in Fig. 274,

Type of prism pattern: prism pattern 2

Type of reflecting laver: tctally reflecting laver
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5 p4.5a-285 (70:5_as80) 30 p-1.5a +195 (80a100) (2) 2.

Film thickness: film thickness dl on the upper slcped
surface and f£iim thickness d2 con the lower sloped surface
are constant
(TEST EXAMPLE 7)

in upward reflectance was determined in the above-
mentioned range of wavelengths in & similar manner to that
in TEST EXAMPLE 5 except for modifyving the setting
conditions of the directional reflecting surface as follows.
The measurement result is plotted in Fig. 27A.

Type of prism pattern: prism pattern 3

Type of reflecting laver: totally reflecting lavyer

Film thickness: film thickness dl on the upper sloped
surface and film thickness dZ on the lower sloped surface
are constant

The following points are understocd from Figs. 27A to
z27C.

In TEST EXAMPLES 5 to 7 in which the direction
reflecting surface is formed by the triangular pillars, the
upwazrd reflectance depends on wavelength, and it tends to
increase when the wavelength exceeds abcut 650 nm. The
increasing tendency of the upward reflectance is
gignificantly larger in TEST EXAMPLE 6.

(TEST EXAMPLE 8)
An upward reflectance was determined in the above-

mentioned range of wavelengths in a similar manner to that



An optical body comprising: a substrate having a concave-convex surface; and a reflecting layer
formed on the concave-convex surface,  wherein the reflecting layer directionally reflects light,

in TEST EXAMPLE 5 except for causing light to be incident on
the directional reflecting surface from the direction of the
incident angle (8, 6) = (40°, 0°) and (60° 0° . The
measurement result is plotted in Fig. 27B.

The following points are understood from Filg. 27B.

The upward reflectance is lower at the incident angle
(8o, $) = (40°, 0°) than at the incident angle (0o, ¢} = (60°,
0°y. In other words, an increase 1n the upward reflectance
in a longer wavelength band is reduced at a smaller incident
angle 0.
<5. Relationship of incildent angle versus upward
reflectance>
(TEST EXAMPLE 2)

An upward reflectance was determined through a
simulation performed as described below by using the
illumination design analysis software "Light Tools”
avallakble from ORA.

First, a directional reflecting surface having the
following setting conditions was set:

Type of prism pattern: prism pattern 2

Type of reflecting layer: totally reflecting layer

Film thickness: film thickness dl on the upper sloped
surface and film thickness d2 on the lower sloped surface
are constant

Next, an imaginary sunlight scurce (color temperature



~the concave-convex surface is made up of a plurality of triangular pillars arrayed in a one-dimensional
pattern, and the triangular pillar has an apex angle a and a slope angle p, the apex angle a and the
slope angle p satisfying a formula (1) or (2) given below: 30p4.5a - 285 (70a80) (1) 30 5_ p-1.5a195
(805a5100).12) 3. The optical body according to Claim | or 2, wherein the apex angle a and the
slope angle p satisfy a formula (3) or (4) given below: 305 _p 5 a-40 (705 a80)...(3)

of 6500K and wavelengths of 380 tec 1200 nm} was set as a
light source P, and an upward reflectance was determined by
causing light to be incident on the directional reflecting
surface from the direction over a range of the incident
angle (0, ¢) = (0°, 0°) to (80°, 0°). The measurement
result is plotted in Fig. 28A4.

(TEST EXAMPLE 10)

An upward reflectance was determined in a similar
manner to that in TEST EXAMPLE 9 except for modifying the
type of the reflecting layer to the wavelength-selective
reflecting layer. The measurement result is plotted in Fig.
28A,

As seen from Fig. 28A, there is a similar tendency in
dependence of the upward reflectance on the incident angle
between when the reflecting laver is the wavelength-
selective reflecting layer and when the reflecting layer is
the totally reflecting layer. In other words, the upward
reflectance tends to partly drop in a certain angle range
about 40° regardless of which type of the reflecting layer
is used.
<6. Relationship of wavelength and incident angle versus
upward reflectance>
(TEST EXAMPLE 11)

An upward reflectance was determined through a

simulation performed as described below by using the



30 5 p-a+ 150 (80 5 al100)_(4) 4. The optical body according to Claim 1, 2 or 3, wherein the
triangular pillar has a first sloped surface and a second sloped surface on each of which the reflecting
layer is formed, and film thicknesses of the reflecting layers formed on the first sloped surface and

the second sloped surface differ from each other. 5. The optical body according to any one of the
preceding Claims, wherein the triangular pillar has a first sloped surface and a second sloped surface
on each of which the reflecting layer is formed, and film thicknesses of the reflecting layers

formed on the first sloped surface and the second sloped surface are substantially equal to each other.
6. The optical body according to any one of the preceding Claims, wherein the triangular pillars are

arrayed at & pitch 0f 5.I5.0r largerand pmm.oLsmaker,, - 41 the ppticakhedy according to any one
of the preceding Claims, wherein the reflecting layer is a metal layer.
available from ORA.

First, a directional reflecting surface having the
following setting conditions was set:

Type of prism pattern: prism pattern 2

Type of reflecting layer: wavelength-selective
reflecting laver

Film thicknesgs: film thickness dl on the upper sloped
surface and film thickness d2 on the lower sloped surface
are constant

Next, an imaginary sunlight source (color temperature
of 6500K and wavelengths of 380 to 1200 nm) was set as a
light scurce 7, and an upward reflectance was determined by
causing light to be incident on the directional reflecting
surface from the direction over a range of the incident
angle (B, ¢) = (0°, 0°) to (80°, 0°). The measurement
result is plotted in Fig. Z28B.

As seen from Flg. Z8B, there i1s a peak of the upward
reflectance about the incident angle of 60° in a wavelength
band of 1100 to 1200 nm.

To summarize the above-described results, the following
points are understood regarding the prism patterns 1 to 3.

Because of having the asymmetrical shape, the prism
pattern 1 has a large difference in film thickness between

two sloped surfaces. The upward reflectance cbtained with



8. The optical body according to any one of the preceding Claims, wherein the reflecting layer has a
reflectance of 30% or more at a wavelength of 1500 nm. 9. The optical body according to any one
of the preceding Claims, further comprising a water-repellent or hydrophilic layer on an incident
surface of the optical body. 10. The optical body according to any one of the preceding Claims,
further comprising a protective layer formed on the reflecting layer to follow the concave-convex
surface. 11. The optical body according to any one of the preceding Claims, wherein the optical
body has a belt-like or rectangular shape, and a lengthwise direction of the optical body is
orthogonal to a ridgeline direction of the triangular pillar. 12. A wall member including the optical

body according tg.any,0ne of the. preceding; Claims. conel 3rEhe wallimember according to Claim 12,
wherein the optical body is arranged such that a ridgeline direction of the triangular pillar is

substantiallytorthogenatta-a difectipnoftheightofanbdildinghen the totally
reflecting layer 1s used as the reflecting layer, the prism
pattern 1 ls preferably used as the type of the prism
pattern.

The prism pattern Z also has the asymmetrical shape,
but 1t has a smaller difference in film thickness between
two sloped surfaces than that in the prism pattern 1. “he
upward reflectance cbtained with the prism pattern 2 can be
increased to 50% or higher in the infrared range (i.e., in
the range of not shorter than about 1150 nm).

Because of having the symmetrical shape, the prism
pattern 3 has no difference in film thickness between the
two sloped surfaces. In the case using the prism pattern 3,
the reflection performance with the totally reflecting layer
is low, and a high upward reflectance is not obtained even
with the wavelength-selective reflecting lavyer.

While the embodiments of the pressant technology have
been described in detail abkove, the present technology is
not limited to the above-described embodiments and can be
variously modified on the basis of the technical concept of
the present technology.

For example, the constructions (configurations), the
methods, the shapes, tThe materials, the numerical wvalues,

etc, explained in the foregoing embodiments are merely



14. The wall member according to Claim 12 or 13, wherein the optical body is arranged such that, in

each of the triangular pillars, the slope angle is positioned above the apex angle a.

15. A fitting

including a shading portion provided with the optical body according to any one of Claims 1 to 11. 16.

A solar shading device comprising one or more solar shading members to cut off sunlight,
the solar shading member includes the optical body according to any one of Claims 1 to 11.
building including the optical body according to any one of Claims 1 to 11,

wherein
17. A

wherein the optical body

is arranged such that, in each of the triangular pillars, the slope angle is positioned above the apex

angle a.

mentioned for illustrative purpose, and different
constructions (configurations), methods, shapes, materials,
numerical wvalues, etc. can also be used when necessary.

Also, the constructicns {(configurations} in the above-
described embodiments can be selectively combined with each
other without departing from the scope ¢f the present
technology.

While the foregceing embodiments have been described, by
way of example, in connection with the case where the window
Elind and the rolling screen device are manually operated,
the window blind and the rolling screen device may be
electrically operatead.

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 wall menmber.
However, the adherend, such as the wall member, may be
constituted as the first optical layver or the second optical
laver itself of the optical £ilm. That moedification enables
the adherend, such as the wall member, to have the
directional reflection function in advance.

While the foregoling embodiments have been described, by
way of example, in connection with the case where the
optical body is the optical film, the shape of the optical
body is not limited to a film, and the coptical body may have

a plate- or block~-like shape.
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While the foregoing embodiments have been described, by
way of example, in connection with the case of applying the
present technology te the interior or exterior members, such
as the wall member, the fitting, the slat of the window
blind, and the screen of the rolling screen device,
application examples of the present technolcgy are not
limited to the illustrated ones, and embodiments of the
present technoleogy are further applicable to other interiocr
and exterior members than the above-described ones,.

While the foregoing embodiments have been described, by
way of example, 1in connection with the case of applyving 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 applicable
to various types of solar shading devices installed on the
indocr or outdoor side.

While the foregoing embodiments have been described, by
way of example, in connection with the case of applving the
present technology to the solar shading device (e.g., the
reliing screen device) where a degree at which the solar
shading member cuts off the incident light can be adijusted
by taking up or letting out the solar shading member,
application examples of the present technolegy are not

limited to the 1llustrated one. For example, embodiments of



the present technology 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 sclar shading member. Cne example
of such a solar shading device 1s a pleated screen device
where a degree at which a solar shading member cuts off the
incident light can be adjusted by folding or unfolding a
screen as the solar shading member in the form of bellows.

Wnile the foregoing embodiments have been described, by
way of example, in connection with the case of applying the
present technology to a horizontal-type window bilind
(Venetian windew blind), embodiments of the present
technology are further applicable to a vertical-type window
blind.

The present disclosure contains subject matter related
to that disclosed in Japanese Priority Patent Application JP
2010-137783 filed in the Japan Patent Office on June 16,
2010, the entire contents of which are hereby incorporated
by reference.

It should ke understood by theose skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of

the appended claims or the eguivalents thereof.
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CLAIMS:

1. An optical body comprising:

substrate having a concave-convex surface;

8t}

a reflecting layver formed cn the concave-convex
surface; and

an optical laver formed on the reflecting laver to
embed the concave-convex surface,

wherein the reflecting laver directicnally reflects

' i

1ght,

}_...J

the concave-convex surface is made up of a plurality of
triangular pillars arrayed in a one—-dimensicnal pattern, and
the triangular pillar has an apex angle ¢ and a siope
angle P, the apex angle o and the slope angle [ satisfying &
formula (1) or (Z) gilven below:
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2. An optical body comprising:
a substrate having a concave-convex surface; and
a reflecting layer formed on the concave-convex

suriace,
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wherein the reflecting laver directionally reil

light,

the concave-convexr surface 1s made up of a pluralilty of
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triangular pillars arraved in a cne~dimensional pattern, and
the trianguler pillar has an apex angle ¢ and a slope
angle B, the apex angle o and the slope angle B satisfying a
formula (1) or (Z) given below:
30 £ < 4.5 - 285 (70 £ o £ 80 (1

p
30 £ B £ -1.50 + 195 (80 £ o £ 100) (2]

3. The optical body according to Claim 1 or 2, wherein
the apex angle o and the slope angle [ satisfy a formula (3)

or (4) given below:

30 £ p £ - 40 (70 £ o £ 80) (3
30 £ B £ - + 150 (80 £ o £ 1C0) . (4
4., The optical bedy acceording to Claim 1, 2 or 3,

wherein the triangular pillar has a first sloped surface and
a second sloped surface on each of which the reflecting
fayer is formed, and

film thicknesses of the reflecting lavyers formed on the
9

first sloped surface and the second sloped surface differ

from each other.

5. The optical body according to any cne of the

he triangular pillar has a first

[

preceding Claims, wherein
sloped surface and a second sloped surface on sach of which

the reflecting layer 1s formed, and
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film thicknesses of the reflecting lavers formed on the

rat sloped surface and the second sloped surface are

i
IWJ -

substantially equal to sach other.

The optical body according to any one of the

G.
wherein the triangular pillars are arrayed

preceding Claims,
at a pitch of 5 pum or larger and 5 mm or smaller.

-

7. The optical body according to any one of the

preceding Claims, wherein the reflecting layer is a metal

laver.

The optical body according to any one cof the

8.
wherein the reflecting layer has a

preceding Claims,

30% or more at a

wavelength of 1500 nm.

reflectance of

9. The optical body according to any one of the
further comprising a water-repellent or

the optical

Lad

preceding Claims,

hydrophilic layer on an incident surface of
body.

The optical body according to any one of the

10.
further comprising a protective laver

preceding Claims,
formed on the reflecting layer to folleow the concave-convex

surface.
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11. The optical bkody according to any one of the
preceding Claims, whereinr the optical body has & belt-llke
or rectangular shape, and

2 lengthwise direction cof the optical body is
orthogonal to a ridgeline direction of the triangular

pillar.

12. A wall member including the optical body according

to any one of the preceding Claims.

13. The wall member according to Tlaim 12, wherein the
optical beody is arranged such that a ridgeline direction of
the triangular pillar is substantieally orthogonal to a
direction of height of a building.

i4. The wall member accerding te Claim 12 or 13,
wherein the optical body is arranged such that, in each of
the triangular pillars, the slope angle [ is positiocned

above the apex angle «.

15. A fitting including a shading porticn provided

with the optical body according to any one of Claims 1 to

16. A sclar shading device comprlisin
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solar shading members to cut off sunliight,
wherein the solar shading member includes the optical

pody according to any one of Claims 1 to 11.

17. A bullding including the optical body according to
any one of Claims I to 131,
wherein the optical body is arranged such that, in each

of the triangular pillars, the slope angle P is positioned

above the apex angle «.



