5P3 00049 DESCRIPTION Title of Invention ~ OPTICAL BODY, WINDOW MEMBER, FITTING,
SOLAR SHADING DEVICE, AND BUILDING S Technical Field  The present invention relates to an
optical body, a window member, a fitting, a solar shading device, and a building. More patrticularly, the
present invention relates 10 to an optical body for directionally reflecting incident light. Background Art
Recently, cases of coating a layer, which partly absorbs or reflects the sunlight, on architectural
glasses 15 for high-rise buildings and housings, vehicular window glasses, etc. have increased. Such
a trend represents one of energy-saving measuresiwith the view of preventing global warming, and it
is intended to reduce a load of cooling equipment, which is increased with optical &rxgg tacoming 20
from the sun, entering the indoor through windows, and raising the indoor temperature. The optical
energy incoming with the sunlight is primarilyptevided g visible range at wavelengths of 380 to 780
nm and in a near infrared range at wavelengths of 780 to 2100 nm. Because transmittance of 25 light
in the latteT heaeinfardchvangeithimough windows is

OPTICAL BODY, WINDOW MEMBER, FITTING, SOLAR SHADING

DEVICE, AND BUILDING

Technical Field
The present invention relates to an optical body, a
window member, a fitting, a solar shading device, and a
building. More particularly, the present invention relates
10 to an optical body for directionally reflecting incident
light.
Background Art
Recently, cases of coating a layer, which partly
absorbs or reflects the sunlight, on architectural glasses
15 for high-rise buildings and housings, vehicular window
glasses, etc. have increased. Such a trend represents one
of energy-saving measures with the wview of preventing glcbal
warming, and it is intended to reduce a load of cooling
equipment, which is increased with optical energy incoming
20 from the sun, entering the indoor through windows, and
raising the indoor temperature. The optical energy incoming
with the sunlight is primarily provided in a visible range
at wavelengths of 380 to 780 nm and in a near infrared range
at wavelengths of 780 to 2100 nm. Because transmittance of

25 light in the latter near infrared range through windows is



- 2 - SP300049 unrelated to visibility of human eyes, the transmittance of the near infrared light is an
important factor affecting the performance as a window that has high transparency and a high thermal
shielding ability. 5As methods for blocking the near infrared light while maintaining transparency in the
visible range, there are a method of providing, on a window glass, a layer having a high reflectance in
the near infrared range, and a method of providing, on a window glass, a layer having a high 10
absorbance in the near infrared range. With regards to the former method, various techniques
using, as reflecting layers, an optical multilayer film, a.metal-containing film, a transparent
electroconductive film, etc. are already disclosed (see, e.g., International 15 Publicati9op d¥a.o
05/087680). However, those reflecting layers are formed on a flat window glass, and they can just

specularly.tgflect fhe incident sunlight; { pergiorg, fhe lightdaconing from e, sky and Leflacted

specularly reaches other buildings and the ground in the outdoor where the 20 light is absorbed and
converted t;Beak ihusi refsing die amfiant temperatres Acsardingly talocat rapdmturetise occurs
in the surroundings of a building in which all windows are coated with the above-mentioned type of
reflecting lagperf Soehrrclocaktempelaies risbaaubes thel 28 proierapanan fyudad areas, a heat

island phenomenon is , _ .
high thermal shielding ability.

5 As methods for blocking the near infrared light while
maintaining transparency in the visible range, there are a
method of providing, on a window glass, a layer having a
high reflectance in the near infrared range, and a method of
providing, on a window glass, a layer having a high

10 absorbance in the near infrared range.

With regards to the former method, wvarious techniques

using, as reflecting layers, an optical multilayer film, a
metal-containing £ilm, a transparent electroconductive f£ilm,
etc. are already disclosed (see, e.g., Internatiocnal

15 Publication No. 05/087680). However, those reflecting
layers are formed on a flat window glass, and they can just
specularly reflect the incident sunlight. Therefore, the
light incoming from the sky and reflected specularly reaches
other buildings and the ground in the outdoor where the

20 light is absorbed and converted to heat, thus raising the
ambient temperature. Accordingly, a local temperature rise
occurs in the surroundings of a building in which all
windows are coated with the above-mentioned type of
reflecting layer. Such a local temperature rise causes the

25 problems that, in urban areas, a heat island phenomenon is



-3 SP300049 accelerated, and that the lawn grass does not grow only in areas irradiated with the
reflected light.  As the latter method, various techniques using organic pigment layers are disclosed
(see, e.g., Japanese Unexamined 5 Patent Application Publication No. 06-299139, No. 09-316115,
and No. 2001-89492). However, when the pigment layer is affixed to a window glass, light absorbed at
the window surface is converted to heat and part of the heat is conducted as radiant heat to the indoor.
This raises the 10 problems that the shield ability of the pigment layer is insufficient, and that the glass
may be cracked due to thermal stress. Further, theke is another problem that the pigment layer is poor
in weatherbility and is less convenient when used in high-rise buildings in which 1% feguents
replacement of the pigment layer is difficult. Disclosure of Invention Technical Problem Accordingly,

an object of the [eSE nventi n,jis 1q pi an opfi cal bod win %wm itting, a solar 20
shading dewce f;n a él”ldlnggthe%o;?ﬁlceﬂn y Selectivel gd%g(%tlson% y réffectin %&# %1 a particular

wavelength band while;aliyiea Passaoe atlight oikertbgn theyparticular wavelength band
therethrough. Technical Solution 25The inventors have conducted intensive studies with - 4 -

SP300049 Ag the latter method, various techniques using organic
pigment layers are disclosed (see, e.g., Japanese Unexamined
5 Patent Application Publication No. 06-29%913%, No. 09-316115,
and No. 2001-89492). However, when the pigment layer is
affixed to a window glass, light absorbed at the window
surface is converted to heat and part of the heat is
conducted as radiant heat to the indoor. This raises the
10 problems that the shield ability of the pigment layer is
insufficient, and that the glass may be cracked due to
thermal stress. Further, there is another problem that the
pigment layer is poor in weatherbility and is less
convenient when used in high-rise buildings in which
15 frequent replacement of the pigment layer is difficult.
Disclosure of Inventicn
Technical Problem
Accordingly, an object of the present invention is to
provide an optical body, a window member, a fitting, a solar
20 shading device, and a building, the optical body selectively
directionally reflecting light in a particular wavelength
band while allowing passage of light other than the
particular wavelength band therethrough.
Technical Solution

25 The inventors have conducted intensive studies with



intent to solve the above-described problems in the related art. As a result, the inventors have
invented an optical body in which a wavelength selective reflecting layer selectively reflecting light in a
particular wavelength band 5 is formed on a corner cube and incident light is directionally reflected by
the wavelength selective reflecting layer. The above-described optical body can retro-reflectively
reflect the incident light by reflecting the incident light 10 three times with the wavelength selective
reflecting layer. However, because the number of times of reflections is large, the wavelength selective
reflecting layer absorbs light in amount about three gimes that absorbed by a flat plate and an amount
of generated heat increases. Accordingly, when 15 the above-described optical bogly4s tsad as a film
for a window, people feel hot with air in a space near the window and an air conditioner is operated at

a higher utilization ratg, whereby 3 amount oG CO2 QMissign isAERased, Ipyiew.of fhe.gbove

problem, the inventors have 20 conducted intensive studies on an optical body, which can maintain
high upwagg-teflectianpertosmance and whick 686 reduee theiminaberef thihesptwasealength
reflections to one or two. As a result, the inventors have found a technique of arraying a plurality of
triangular pittakg, eachvhaving25varvapexanyless dadaibsserarigle aBithat datiseyra -5 SP300049
predetermined relationship, in a one-dimensional pattern to form a_concave-convex surface, and

forming the FESSlehgi Eelbeive FiREing KIRT otith dftavebdivex@iffdeength pand

5 ig formed on a corner cube and incident light is
directionally reflected by the wavelength selective
reflecting layer.

The above-described optical body can retro-reflectively
reflect the incident light by reflecting the incident light
10 three times with the wavelength selective reflecting layer.
However, because the number of times of reflections is large,
the wavelength selective reflecting layer absorbs light in
amount about three times that absorbed by a flat plate and
an amount of generated heat increases. Accordingly, when
15 the above-described optical beody is used as a film for a
window, people feel hot with air in a space near the window
and an air conditioner is operated at a higher utilization
rate, whereby an amount of CO, omission is increased.
In view of the above problem, the inventors have
20 conducted intensive studies on an optical beody, which can
maintain high upward reflection performance and which can
reduce the number of times of wavelength reflections to one
or two. As a regult, the inventcrs have found a technique
of arraying a plurality of triangular pillars, each having

25 an apex angle o and a base angle P that satisfy a



The present invention has been made on the basis of the 5 above-described studies. To solve the

above-described problems, a first invention provides an optical body comprising:

a first optical layer

having a concave-convex surface; a wavelength selective reflecting layer formed on the 10
concave-convex surface; and a second optical layer formed on the wavelength selective reflecting
layer and embedding the concave-convex surface, wherein the wavelength selective reflecting layer
15 selectively directionally reflects light in a particular wavelength band while transmitting light other
than the particular wavelength band therethrough, 5 _the concave-convex surface is made up of a
plurality of triangular pillars arrayed in a one-dimensional pattern, and 20the triangulat pilleg Hias 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 %‘?M&éﬁnﬁé@ép?@ 183330 éh3 30P-a+ 170402400 224nspernd R veifiongyovides an

optical body comprising:

form a concave-convex surface, and forming the wavelength

selective reflecting layer on the concave-convex surface.

The present invention has been made on the basis of the

5 above-described studies.
To solve the above-described problems, a first

invention provides an optical body comprising:

a first optical layer having a concave-convex surface;

a wavelength selective reflecting layer formed on the

10 concave-convex surface; and

a second optical layer formed on the wavelength

gelective reflecting layer and embedding the concave-convex

surface,

wherein the wavelength selective reflecting layer

15 selectively directionally reflects light in a particular

wavelength band while transmitting light other than the

particular wavelength band therethrough,

the concave-convex surface is made up of a plurality of

triangular pillars arrayed in a one-dimensional pattfern, and

20 the triangular pillar has an apex angle oo and a slope

angle B, the apex angle o and the slope angle p satisfying a

formuia (1) or (2) given below:
-3.60 + 396 < B £ 80 (85 £ o < 90) A1)

o - 30 £ B £ -a + 170 (90 £ a £ 100) . {(2)

25 A second invention provides an coptical body comprising:



- 6 - SP300049 a first optical layer having a concave-convex surface; a wavelength selective
reflecting layer formed on the concave-convex surface; and a second optical layer formed on the
wavelength 5 selective reflecting layer and embedding the concave-convex surface, wherein the
wavelength selective reflecting layer selectively directionally reflects light in a particular wavelength
band while transmitting light other than the 10 particular wavelength band therethrough, 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 15 formula (3) or (4) given below: 300a - 50 (80a90)...(3):20Rrgqtk 430

(90a100) In the optical body of the present invention, the concave-convex surface is formed by
arraying asymme%rlq_allz trl gglggglllﬁg @rag &L rgegagggl %ergbaﬂ/dega eyavel gth selective
reflecting layer is forme e concave-tonvex surface. Accor en the optlca ody of the

present inventiordsm@é@@ﬁ@@n achiesend such-ay avipdewy merber, fteanckeflest thedight in the
particular
concave-convex surface; and
a second optical layer formed on the wavelength
5 sgelective reflecting layer and embedding the concave-convex
surface,
wherein the wavelength selective reflecting layer
selectively directionally reflects light in a particular
wavelength band while transmitting light other than the
10 particular wavelength band therethrough,
the concave-convex surface is made up of a plurality of
triangular pillars arrayed in a cne-dimensional pattern, and
the triangular pillar has an apex angle o and a slope
angle B, the apex angle a and the slope angle B satisfying a
15 formula (3) or (4) given below:
30 < B <£a - 50 (80 < a < 90) - (3)
30 £ B £ - + 130 (90 £ a € 100) l4)
In the optical body of the present invention, the
concave-convex surface is formed by arraying asymmetrical
20 triangular pillars in a one-dimensional pattern, and the
wavelength selective reflecting layer is formed on the
concave-convex surface. Accordingly, when the optical bedy
of the present invention is applied to an adherend such as a

window member, it can reflect the 1light in the particular

25 wavelength band upward while transmitting light other than



25 wavelength band upward while transmitting light other than - 7 - SP300049 the particular
wavelength band therethrough. Also, when the optical body of the present invention is applied to, e.g.,
a window member of a building, it can directionally reflect the light in the particular wavelength band to
be kept from 5 entering a predetermined space inside the building, for example, while allowing the light
other than the particular wavelength band to be taken into the predetermined space.  Further, with
the optical body of the present invention, since the apex angle a and the slope angle i of the 10
triangular pillar satisfy the predetermined relationship,.a high upward reflectance can be obtained
when the optical body of the present invention is applied to an adherend such as adwinigdewumember.
Advantageous Effects 15According to the present invention, as described above, in the optical body

capable ofrgflectingthe ligbtin, ihe nartigular wavslengih hand while, rangmitgng jhe fight.ather than

the particular wavelength band therethrough, an improvement in safety and energy saving can be
realized byoptical body of the present invention is applied to, e.g., a

window member of a building, it can directionalily reflect
the light in the particular wavelength band to be kept from
5 entering a predetermined space inside the building, for
example, while allowing the light other than the particular
wavelength band to be taken into the predetermined gpace.
Further, with the optical body of the present invention,
since the apex angle o and the slope angle B of the
1¢ triangular pillar satisfy the predetermined relationship, a
high upward reflectance can be obtained when the optical
body of the present invention is applied to an adherend such
as a window member.
Advantageous Effects
15 According to the present invention, as described above,
in the optical body capable of reflecting the light in the
particular wavelength band while transmitting the light
other than the particular wavelength band therethrough, an
improvement in safety and energy saving can be realized by
20 reducing heat generation attributable to absorption of the
light. Further, a high upward reflectance can be obtained.
Brief Description of Drawings
Fig. 1A is a sectional view illustrating one example of
construction of an optical film according to a first

25 embodiment. Fig. 1B is a sectional wview illustrating an



20 reducing heat generation attributable to absorption of the light. Further, a high upward reflectance
can be obtained. Brief Description of Drawings Fig. IA is a sectional view illustrating one example
of construction of an optical film according to a first 25 embodiment. Fig. 1B is a sectional view
illustrating an SP300049 example in which the optical film according to the first embodiment is affixed
to an adherend. Fig. 2 is a perspective view illustrating the relationship between incident light that
is incident on the 5 optical film and reflected light that is reflected by the optical film. Fig. 3A is a
perspective view illustrating an example of shape oftriangular pillars formed in a first optical layer. Fig.
3B is a sectional view illustrating an example 10 of construction of the optical film iagludingdbe first
optical layer in which the triangular pillars illustrated in Fig. 3A are formed. Fig. 4A is an enlarged

sectional V&%MH'{H%&H@W'&%&?@%% scales apartahthe oplicalimdllysirated i%?f@- 3B. Fig. 4B is
an enlarged sectional view illustrating, in"enlarged scale, a wavelength selective reflecting layer
illustrated iefea3Bent FH0S HA aRd SB-atecatiha seetipnal view to explain one example of

function of the optical film according to the 20 first embodiment.

Fig. 2 is a perspective view illustrating the

relationship between incident light that is incident on the
5 optical film and reflected light that is reflected by the
optical f£ilm.

FPig. 3A is a perspective view illustrating an example
of shape of triangular pillargs formed in a first optical
layer. Fig. 3B is a sectional view illustrating an example

10 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 wview illustrating, in

enlarged scale, a part of the optical £iim illustrated in

15 Fig. 3B. Fig. 4B is an enlarged sectional view illustrating,
in enlarged scale, a wavelength gselective reflecting layer
illustrated in Fig. 3B.

Figs. 5A and 5B are each a sectional view to explain
one example of function of the optical film according to the

20 first embodiment.

Fig. 6A is a sectional view to explain one example of
function of the optical f£iim according to the first
embodiment. Fig. 6B is a plan view to explain one example
of function of the optical film according to the first

25 embodiment .



Fig. 6A is a sectional view to explain one example of function of the optical film according to the first
embodiment. Fig. 6B is a plan view to explain one example of function of the optical film according to
the first 25 embodiment. - 9 - SP300049 Fig. 7 is a schematic view illustrating one example of
construction of a manufacturing apparatus for manufacturing the optical film according to the first
embodiment. Figs. 8A to 8C illustrate steps to explain one example 5 of a method of manufacturing the
optical film according to the first embodiment. Figs. 9A to 9C illustrate steps to explain one
example of the method of manufacturing the opticakfilm according to the first embodiment. 10Figs.
10A to 10C illustrate steps to explain one example of the method of manufacturingdbg @pgeal film
according to the first embodiment. Fig. 11A is a sectional view illustrating a first modification of the

frst embodiment fig. 148345 215 secionel vey, lystating a seqandmadiicaan of e s
Fi p

embodiment. . 12A Is a perspective view illustrating a first example of construction of an optical
film accordig xaseeqrsh eRwogdimant Fig J25ilaq Reispedveiew 2 Chllustraling a-seepnd

example of construction of the optical film according to the second embodiment. Fig. 12C Iis a
perspectivé hievwiflustrafing a third.exampieigf to the first embodiment.

Figs. 8A to 8C illustrate steps to explain one example

5 of a method of manufacturing the optical film according to
the first embodiment.

Figs. 9A to 9C illustrate steps to explain one example
of the method of manufacturing the optical film according to
the first embodiment.

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

Fig. 11A is a sectional wview i1llustrating a first
modification of the first embodiment. Fig. 11B is a

15 sectional view illustrating a second modification of the
first embodiment.

Fig. 12A is a perspective view illustrating a first
example of construction of an optical film according to a
second embodiment. Fig. 12B is a perspective view

20 illustrating a second example of construction of the optical
film according to the second embodiment. Fig. 12C isg a
perspective view illustrating a third example of
construction of the optical film according to the second

embodiment .

25 Fig. 13 is a sectional view illustrating one example of



construction of the optical film according to the second embodiment. 25Fig. 13 is a sectional view
illustrating one example of - 10 - SP300049 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
according to a fourth 5 embodiment. Fig. 15A is a sectional view illustrating a first example of
construction of a slat. Fig. 15B is a sectional view illustrating a second example of construction of the
slat. 10Fig. 16A is a perspective view illustrating one example of construction of a rolling screen device
according to a seventh embodiment. Fig. 163 is_a ggctional view illustrating one example of
construction of a screen. Fig. 17A is a perspective view illustrating one example 1% pt g@msiruction of a
fitting according to an eighth embodiment. Fig. 173 is a sectional view illustrating one example of

consiruction, o an apticalogl. o, Fig 1215 2 lraion ioexplaingh dafiign of upward
reflectance. ?:lgs. 19Ato 19C are ﬁr%stratlons to explain setting
embodiment.

Fig. 14 is a perspective view illustrating one example

of construction of a window blind according to a fourth
5 embodiment.

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

10 Fig. 16A is a perspective view illustrating one example
of construction of a rolling screen device according to a
seventh embodiment. Fig. 16B is a secticnal view
illustrating one example of construction of a screen.

Fig. 17A is a perspective view illustrating one example

15 of construction of a fitting according to an eighth
embodiment. Fig. 17B is a sectional wview illustrating cne
example of construction of an cptical body.

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

20 Figs. 19A to 19C are illustrations to explain setting
conditions for simulation.

Fig. 20 is a plot illustrating the calculation result
of upward reflectance with simulation in TEST EXAMPLE 1.

Fig. 21A is a graph illustrating the calculation result

25 of upward reflectance with simulation in TEST EXAMPLE 2.



conditions for simulation. Fig. 20 is a plot illustrating the calculation result of upward reflectance with
simulation in TEST EXAMPLE 1. Fig. 21A is a graph illustrating the calculation result 25 of upward
reflectance with simulation in TEST EXAMPLE 2. _ 11 SP300049 Fig. 213 is a graph illustrating the
calculation result of upward reflectance with simulation in TEST EXAMPLE 2. Fig. 210 is a graph
illustrating the calculation result of upward reflectance with simulation in TEST EXAMPLE 2. 5Fig. 22A
is a plot illustrating the calculation result of reflectance with simulation in TEST EXAMPLE 5. Fig. 223
is a plot illustrating the calculation result of reflectapge with simulation in TEST EXAMPLE 6. Fig. 220
is a plot illustrating the calculation result of reflectance with 10 simulation in TEST EXAMBLE 7.

Fig. 23A is a plot illustrating the calculation result of reflectance with simulation in TEST EXAMPLE 5.

[ A e s e o el I MRS
6. Fig. 243pwplat Hustratingstheanaasyesient rasultef refleatanee skanopiical film-eHEXAMPLE 2.
21C is a graph illustrating the calculation result of upward

reflectance with simulation in TEST EXAMPLE 2.

5 Fig. 22A is a plot illustrating the calculation result
of reflectance with simulation in TEST EXAMPLE 5. Fig. 22B
is a plot illustrating the calculation result of reflectance
with simulation in TEST EXAMPLE 6. Fig. 22C is a plot
illustrating the calculation result of reflectance with

10 simulation in TEST EXAMPLE 7.

Fig. 23A is a plot illustrating the calculation result
of reflectance with simulation in TEST EXAMPLE 5. Fig. 23B
is a plot illustrating the measurement result of reflectance
of an optical film of EXAMPLE 1.

15 Fig. 24A is a plot illustrating the calculation result
of reflectance with simulation in TEST EXAMPLE 6. Fig. 24B
is a plot illustrating the measurement result of reflectance
cf an optical film of EXAMPLE 2.

Fig. 25A is a plan view illustrating a corner cube

20 shape of a master that is used to fabricate an optical film
of COMPARATIVE EXAMPLE 2. Figs. 25B and 25C are each a side
view illustrating the corner cube shape of the master that
is used to fabricate the optical £ilm of COMPARATIVE EXAMPLE

2.

25 Fig. 26A is an illustration to explain a method of



Fig. 25A is a plan view illustrating a corner cube 20 shape of a master that is used to fabricate an
optical film of COMPARATIVE EXAMPLE 2. Figs. 253 and 25C 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. 25Fig. 26A is an illustration to explain a method of - 12 - SP300049 measuring a mean film
thickness of each layer in a wavelength selective reflecting layer in EXAMPLES 3 and 4 and
COMPARATIVE EXAMPLE 1. Fig. 26B is an illustration to explain a method of measuring a mean film
thickness of each 5 layer in a wavelength selective, teflecting layer in COMPARATIVE EXAMPLE 2.
Fig. 27A illustrates mean film thicknesses of the layers in the wavelength selectivedgflgetiglayer
formed on an upward surface in each of EXAMPLES 3 and 4 and 10 COMPARATIVE EXAMPLES 1

and 2. Fig.m Zé%ﬂlgsgateg mean filrrgipﬂiclé%escs}%%?pf th@ﬁj{yers E‘ qawe vg@fvelen th selective reflecting
layer formed on & dovinward surface ih eatho RMPLES 3 and#’and COMPARATIVE EXAMPLES
1 and 2. Figa¢8Ads garaph illstrating the: ealculatign il fesulis, obupwaideeligciange yvith
simulations in TEST EXAMPLES 8 to 10. Fig. 28B is a graph illustrating the calculation result of
upward refiecfaricRitRATMURLBHAMPES TIEXAMBLEZAR Figs 294 i$ Blgraphathistrating the
calculation
explain a method of measuring a mean film thickness of each
5 layer in a wavelength selective reflecting layer in
COMPARATIVE EXAMPLE 2.
Fig. 27A illustrateg mean film thicknesses of the
layers in the wavelength selective reflecting layer formed
on an upward surface in each of EXAMPLES 3 and 4 and
10 COMPARATIVE EXAMPLES 1 and 2. Fig. 27B illustrates mean
film thicknesses of the layers in the wavelength selective
reflecting layer formed con a downward surface in each of
EXAMPLES 3 and 4 and COMPARATIVE EXAMPLES 1 and 2.
Fig. 28A is a graph illustrating the calculation
15  results of upward reflectance with simulations in TEST
EXAMPLES 8 to 10. Fig. 28B is a graph illustrating the
calculation result of upward reflectance with simulation in
TEST EXAMPLE 11.
Fig. 29A is a graph illustrating the calculation
20 results of upward reflectance with simulations in TEST
EXAMPLES 12 and 13. Fig. 29B is a graph illustrating the
calculation result of upward reflectance with simulation in
TEST EXAMPLE 14.

Fig. 30 is a perspective view illustrating one example

25 of an entire shape of the optical £ilm according to the



20 results of upward reflectance with simulations in TEST EXAMPLES 12 and 13. Fig. 29B is a graph
illustrating the calculation result of upward reflectance with simulation in TEST EXAMPLE 14.

Fig. 30 is a perspective view illustrating one example 25 of an entire shape of the optical film according
to the - 13 - 5P3 00049 first embodiment.  Figs. 31A and 31B are illustrations to explain one
example of manner of affixing the optical film according to the first embodiment of the present
invention. 5Figs. 32A and 32B are illustrations to explain the difference in reflection function of the
optical film depending on the affixing direction th_erﬁgf. Best Modes for Carrying Out the Invention
Embodiments of the present invention will be described 10 below in the following asdgr\with seference
to the drawings. 1. First embodiment (representing an example of an optical film in which
asymmetri%%l gg%n%%{%g Ei{larsn%re arrayed in a one-dimensional pattern) 2. Second embodiment
(representing an example oran optical 15 film, which further includes light scatterers) 3. Third

Fmbodiment (repgelsaegnj[inglqij g)fﬁfn@Igg)fégjpeom@gllgl@avmiggéurg@ré%ggg%a&@g-cleaning effect
wer example of manner of affixing the optical film according to
the first embodiment of the present invention.

5 Figs. 32A and 32B are illustrations to explain the
difference in reflection function of the optical film
depending on the affixing direction thereof.

Best Modes for Carrying Out the Invention
Embodiments of the present invention will be described
10 below in the following order with reference to the drawings.
1. First embodiment (representing an example of an optical
film in which asymmetrical triangular pillars are arrayed in
a one-dimensional pattern)
2. Second embodiment (repregenting an example of an optical
15 film, which further includes light scatterers)
3. Third embodiment (representing an example of an optical
£ilm, which further includes a self-cleaning effect layer)
4. Fourth embodiment (representing an example in which the
optical film is applied to a window blind)
20 5. Fifth embodiment (representing an example in which the
optical film is applied to a rolling screen device)
6. Sixth embodiment (represgsenting an example in which the
optical film is applied to a fitting)
<1. First Embodiment:>

25 [Construction of Optical Film]



4. Fourth embodiment (representing an example in which the optical film is applied to a window blind)
205. Fifth embodiment (representing an example in which the optical film is applied to a rolling screen
device) 6. Sixth embodiment (representing an example in which the optical film is applied to a fitting)
<1. First Embodiment> 25[Construction of Optical Film] - 14 - SP300049  Fig. A is a sectional view
illustrating one example of construction of an optical film according to a first embodiment. Fig. 1B is a
sectional view illustrating an example in which the optical film according to the first 5 embodiment is
affixed to an adherend. An optical film 1 as an optiggl hody is an optical film having the so-called
directional reflection property. As illustrated in Fig. 1A, the optical film 1 includes ar ppealdayer 2
having an interface formed therein in a concave-convex shape, and a 10 wavelength selective

reflecting layer Bf%g?suqfﬁt tlhg mtegéagg llgll;g%ogti %Iaiyleigggpgto& al Iﬁge %Lidﬁe %fII‘St optical

layer 4 having a rface In a concave-convex s ape, and a secon optlcal ayerb
second sUHaeR: ra EONEAVe-E0RVEXH e, Theinigriacedrding to a first

embodiment. Fig. 1B is a sectional wview illustrating an

aving a

10

15

20

25

example in which the optical film according to the first
embodiment is affixed to an adherend. An optical film 1 as
an optical body is an optical film having the so-called
directional reflection 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
wavelength selective reflecting layer 3 formed at the
interface in the optical layer 2. The optical layer 2
includes a first optical layer 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 interface in
the optical layer ig formed by the first surface and the
second surface each having the concave-convex shape, which
are arranged to face each other. More specifically, the
optical film 1 includes the first optical layer 4 having a
concave-convex surface, the wavelength selective reflecting
layver 3 formed on the concave-convex surface of the first
optical layer 4, and the second optical layer 5 formed on
the wavelength selective reflecting layer 2 so as to embed
the concave-convex surface on which the wavelength selective
reflecting layer 3 is formed. The optical film 1 has an

incident surface S1 on which light, such as the sunlight, is



15 the optical layer is formed by the first surface and the second surface each having the
concave-convex shape, which are arranged to face each other. More specifically, the optical film 1
includes the first optical layer 4 having a concave-convex surface, the wavelength selective reflecting
20 layer 3 formed on the concave-convex surface of the first optical layer 4, and the second optical
layer 5 formed on the wavelength selective reflecting layer 3 so as to embed the concave-convex
surface on which the wavelength selective reflecting layer 3 is formed. The optical film 1 has an 25
incident surface 51 on which light, such as the sunlight,.is - 15 - 5P3 00049 incident, and an emergent
surface S2 from which part of the light incident on the incident surface Si emerges,dbefggilaaving
passed through the optical film 1. The optical film 1 is suitably applied to inner wall members, outer

well 5 memhetsuindovmerhere,uall iateralsand so oneC e 1,0pical ip L sultably
att%so ing membe

appliedtoas ar sha of a window blind and a screen (solar shading member) of a
rolling screpnggavicer Maregvebihe ppticaldiimenis ssitably @mployeeasseopticakbedy-that 10 is
disposed in a lighting portion of a fitting (i.e., an interior member or an exterior member), such as a
shoji (i.e., apapegntiesact/ohylkgsittetsslidipgidool). Themogtical filre 1anty figdhefddsiude a first
base 4a, when necessary, on the emergent surface 52 of the optical 15 layer 2. Also, the optical film 1

may furthet incude'a 52Pdid BEBE 530 whan HeReLs iy, on B hRident Stifsde B2 11

5 members, window members, wall materials, and sc on. Further,
the optical film 1 is suitably applied to a slat (solar
gshading member) of a window blind and a screen (golar
shading member) of a rolling screen device. Moreover, the
optical film 1 is suitably employed as an optical body that

10 is disposed in a lighting portion of a fitting (i.e., an
interior member or an extericr member), such asg a shoji
(i.e., a paper-made and/or glass-fitted sliding door).

The optical f£ilm 1 may further include a first base 4a,
when necessary, on the emergent surface $2 of the optical

15 layer 2. Also, the optical film 1 may further include a
second base 5a, when necessary, on the incident surface S1
of the optical layer 2. It is to be noted that, when the
optical film 1 includes the first base 4a and/or the second
base 5a, later-described optical characteristics, such as

20 transparence and transmission color, are preferably
satisfied in the state where the optical film 1 includes the
first base 4a and/or the second base 5a.

The optical film 1 may further include an affixing
layer 6, when necessary. The affixing layer 6 is formed on

25 one of the incident surface S1 and the emergent surface 52



of the optical layer 2. It is to be noted that, when the optical film 1 includes the first base 4a and/or the
second base 5a, later-described optical characteristics, such as 20 transparence and transmission
color, are preferably satisfied in the state where the optical film 1 includes the first base 4a and/or the
second base 5a. The optical film 1 may further include an affixing layer 6, when necessary. The
affixing layer 6 is formed on 25 one of the incident surface Si and the emergent surface S2 - 16 -
SP300049 of the optical film 1, which one is to be affixed to a window member 10. The optical film 1 is
affixed to the indoor side or the outdoor side of thejwindow member 10, i.e., the adherend, with the
affixing layer 6 interposed 5 therebetween. The affixing layer 6 can be formed, for exarpple4 as a
bonding layer containing a bond (e.g., a UV-cured resin or a two-liquid mixed resin) as a main

component, or aganadnesive laygy contaipjag an gohesiveds.g,.a Pressurg Sepsiiive Adhesive
(PSA)) as a main component. 10 When the affixing layer 6 is the adhesive layer, a peel-off layer 7 is
preferably furthesdormeagen the affixing layer Hc SUCh Enariangergtienablassthereptical film 1 to be
easily affixed, just by peeling off the peel-off layer 7, to the adherend, e.g., the window member 10,
with the affixidg 35 |8yl terpbeediisiebetwsate OFf Figra thid Ridowp olistrabeicrédsing adhesion
between the second base 5a and the affixing layer 6 and/or the second optical layer 5, the optical film

1 may furtierSnclud&a @%@F%ﬁ}gr (ot Sholh$ b@&féé’fﬁﬂ%% 5@%75% baseBEARPHRED0 affixing layer
e NS VRS S I e e e e
addition todernipgdhe REmertayeli hge kaown physical pratigagmestiaclugdes,. , 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
Preggure Sensitive Adhesive (PSA)) as a main component.
10 When the affixing layer 6 is the adhesive layer, a peel-off
layer 7 is preferably further formed on the affixing layer 6.
Such an arrangement enables the optical film 1 to be easily
affixed, just by peeling off the peel-off layer 7, to the
adherend, e.g., the window member 10, with the affixing
15 layer 6 interposed therebetween.

From the viewpcint of increasing adhesion between the
second base 5a and the affixing layer 6 and/or the second
optical layer 5, the optical f£ilm 1 may further inciude a
primer layer (not shown) between the second base 5a and the

20 affixing layer 6 and/or the second optical layer 5. Also,
from the viewpoint of increasing the adhesion at the above-
mentioned location(g), it is preferable to carry out known
physical pretreatment instead of or in addition to forming
the primer layer. The known physical pretreatment includes,

25 e.g., plasma treatment or corona treatment.



25 e.g., plasma treatment or corona treatment. - 17 - SP300049  The optical film 1 may further
include a barrier layer (not shown) on one of the incident surface Si and the emergent surface S2 at
which the optical film 1 is affixed to the adherend, e.g., the window member 10, or between that 5 one
surface and the wavelength selective reflecting layer 3. With the presence of the barrier layer, it is
possible to reduce diffusion of moisture toward the wavelength selective reflecting layer 3 from the
incident surface S1 or the emergent surface S2 and to suppress deterioration of a metal, 10 etc.
contained in the wavelength selective reflecting layef 3. Accordingly, durability of the optical film 1 can
be improved.  The optical film 1 may further include a hard coat layer 8 from theaseigp@intof giving
the surface of the 15 optical film 1 with resistance against scratching, etc. The hard coat layer 8 is

preferably forme%ﬂg oge.af the irg:ii%ptlsqﬁ%geml%@eﬁ{g@w@t suface.52 of it;ﬁ,ggtical film 1,

which one is positioned on the opposite side to the surface affixed to the adherend, e.d., the window

20 member A8t Adyaietriepallepher Bydrophilicdayvieianay be further fanmag@ndhe incident surface 51
or the emergent surface 32 of the optical film 1 from the viewpoint of providing an antifouling property,
etc. The lageehagndg sach Bfanctich maywe formelefarexample, Hirketly ohthe £6ioptidal layer 2 or

on one of various functional layers such ,
to the adherend, e.g., the window member 10, or between that

5 one surface and the wavelength selective reflecting layer 3.
With the presence of the barrier layer, it is possible to
reduce diffusion of moisture toward the wavelength selective
reflecting layer 3 from the incident surface S1 or the
emergent surface S2 and to suppress deterioration of a metal,

10 etc. contained in the wavelength selective reflecting layer
3. Accordingly, 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

15 optical film 1 with resistance against scratching, etc. The
hard coat layer 8 is preferably formed on one of the
incident surface 51 and the emergent surface S2 of the
optical film 1, which one is positioned on the opposite side
to the surface affixed to the adherend, e.g., the window

20 member 10. A water-repellent or hydrophilic layer may be
further formed on the incident surface 81 or the emergent
surface 82 of the optical film 1 from the viewpoint of
providing an antifouling property, ete. The layer having
such a function may be formed, for example, directly on the

25 optical layer 2 or on one of various functional layers such



- 18 - SP300049 as the hard coat layer 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 window member
10. Herein, 5 the film is to be construed as including a sheet. In other words, the optical film 1 includes
an optical sheet as well.  The optical film 1 preferably has transparency. The transparency
preferably falls within a later-described range of transmission image clarity. The difference in refractive
10 index between the first optical layer 4 and the second optical layer 5 is preferably 0.010 or less,
more preferably 0.008 or less, and even more prefegahly 0.005 or less. When the difference in
refractive index exceeds 0.010, a transmission image tends to blur in appearance.d¥ben ghe 15
difference in refractive index is in the range of more than 0.008 and not more than 0.010, there are no

problems iggaélﬁéifqlgp&lggﬁtpefg'&r;@ro% outdoor brightness. When the difference in refractive index
is more than 0.005 and not more than 0.008, the outdoor sight can be clearly viewed 20 although only

a very bright objerfesusghras-a lighiti Saurce peaisesadigpleasing ditirastion patte€tronVier the
difference in refractive index is 0.005 or less, the diffraction pattern is hardly displeasing. One of the
first opticaViages Bt thé seveid bpticdlligyens; idiich 6ad 15 25 E®bEposidhéd on the side affixed
to’eg”th%¥@y¥gé_£§-fhe adherend, e.g., the window member 10. Herein,
5 the film is to be construed as including a sheet. In other
words, the optical film 1 includes an optical sheet as well.
The optical fiim 1 preferably has transparency. The
transparency preferably falls within a later-described range
of transmission image clarity. The difference in refractive
10 index between the first optical layer 4 and the second
optical layer 5 is preferably 0.010 or less, more preferably
0.008 or less, and even more preferably 0.005 or less. When
the difference in refractive index exceeds 0.010, a
transmission image tends to blur in appearance. When the
15 difference in refractive index is in the range of more than
0.008 and not more than 0.010, there are no problems in
daily 1ife though depending on outdoor brightness. When the
difference in refractive index is more than 0.005 and not
more than 0.008, the outdoor sight can be clearly viewed
20 although only a very bright object, such as a light source,
causes a displeasing diffraction pattern. When the
difference in refractive index is 0.005 or less, the
diffraction pattern is hardly displeasing. One of the first

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

25 to be positioned on the side affixed to, e.g., the window



SP300049 member 10, may contain an adhesive as a main component. Such a feature enables the
optical film 1 to be affixed to, e.g., the window member 10 with the first optical layer 4 or the second
optical layer 5, which contains the adhesive as a 5 main component. In that case, the difference in
refractive index with respect to the adhesive preferably falls within the above-described range.  The
first optical layer 4 and the second optical layer 5 preferably have the same optical characteristics,
such as 10 the refractive index. More specifically, the first optical layer 4 and the second optical layer 5
are preferably made of the same material, e.g., the same resin material, having transparency in the
visible range. By using the same material to form the first optical layer 4 and the segengokm eptical
layer 5, the refractive indexes of both the optical layers are equal to each other, and hence

transparengy io visiblg lightcan.Be improved: Howeyercare is,qhe Raidasush A point that, even

when the starting material is'the same, the refractive indexes of finally formed layers may 20 differ
from each othei depesdingen, enghtudng kenditensd1a film forming precesst Oretbietasher hand,
when the first optical layer 4 and the second optical layer 5 are made of different materials, a
transmissién fmagé tendsitodshwr foetieieabdnwhablighss iefragtedPattheds wavélendthcselective

reflecting Ia¥fr 3, which provides a - 20 - SP300049 boundary, due to the difference in refractive index
between botHEthETRA! RPEAC T paAERar thef R i&fdehgy s the adhesive as a

5 main component. In that case, the difference in refractive
index with respect to the adhesive preferably falls within
the above-described range.

The first optical layer 4 and the second optical layer

5 preferably have the same optical characteristics, such as

10 the refractive index. More specifically, the first optical
layer 4 and the second optical layer 5 are preferably made
of the same material, e.g., the same resin material, having
transparency in the visible range. By using the same
material to form the first optical layer 4 and the second

15 optical layer 5, the refractive indexes of both the optical
layers are egual to each other, and hence transparency to
visible light can be improved. However, care is to be paid
to such a point that, even when the starting material is the
same, the refractive indexes of finally formed layers may

20 differ from each other depending on, e.g., curing conditions
in a film forming process. On the other hand, when the
first optical layer 4 and the second optical layer 5 are
made of different materials, a transmission image tends to
pilur for the reason that light is refracted at the

25 wavelength selective reflecting layer 3, which provides a



that when observing an object analogous to a point light source, such as a lamp at a far distance, a
diffraction 5 pattern is conspicuously observed. Note that, in order to adjust a value of the refractive
index, an additive may be mixed in the first optical layer 4 and/or the second optical layer 5. The first
optical layer 4 and the second optical layer 10 5 preferably have transparency in the visible range.
Herein, the transparency is defined as having two meanings, i.e., as not absorbing light and not
scattering light. When the term "transparency" is generally used, it often implies the former meaning
alone. However, the optical film 1 according 15 to the first embodiment preferably has the
transparency in both the meanings. A currently employed retroreflector is intendeddg yvisyally confirm
light reflected from road signs, clothes for night workers, etc. and to provide a noticeable indication.
Therefqre,l__()e(\jlelq aLq:en thguree_tr%ef;%:tor cﬁaff go e.d. aisrgzattgr'r]}% ggci;%reétyilllggt r flggted fI[lom an
underlying reflector ¢dn be visually Observed if the retroreflector is I close contact with the underlying
reflector. Syghia I%'?z%“%%%&%ﬁ hasgdan the sameprinGiple 25 thalanimage car hg

isually
confirmed, for example, 25 even when antiglare treatment providing a scattering - 21 - 5P3 00049

property istapptiedghen fodrdsarfang okandhgetdispiay dguice farthe purpose afigparting an
antiglare property. However, the optical film 1 according to the first embodiment preferably does not
scatter lighBfOFLRE re&36H5 Aattheé Hptcaltiilfh £rrfeatieantitandmiddd FgiRtcRer than the
d"eC“Q“au¥£§@3¥§dyghkgﬂﬁﬁgggﬂghszy observed. Note that, in order to

adjust a value of the refractive index, an additive may be

mixed in the first optical layer 4 and/or the second optical

layer 5.

The first optical layer 4 and the second optical layer

10 5 preferably have transparency in the wvisible range. Herein,
the transparency is defined as having two meanings, i.e., as
not absorbing iight and not scattering light. When the term
"transparency" is generally used, it often implies the
former meaning alone. However, the optical film 1 according

15 to the first embodiment preferably has the transparency in
both the meanings. A currently employed retroreflector is
intended to visually confirm light reflected from road signs,
clothes for night workers, etc. and to provide a noticeable
indication. Therefore, even when the retroreflector has,

20 e.g., a scattering property, light reflected from an
underlying reflector can be visually observed if the
retroreflector is in close contact with the underliying
reflector. Such a phenomenon is based on the same principle

as that an image can be visually confirmed, for example,

25 even when antiglare treatment providing a scattering



wavelengths, and that the optical film 1 is affixed to a transmissive member transmitting light primarily
at transmission wavelengths, thus allowing the transmitted 10 light to be observed. Note that,
depending on usage, the second optical layer 5 may be intentionally provided with the scattering
property.  The optical film 1 is preferably used in such a way that it is affixed to a rigid member, e.g.,
the window 15 member 10, which has transmissivity primarily to the transmitted light other than the
particular wavelengths, with, e.g., an adhesive interposed therebetween. Examples of the window
member 10 include architectural window members-for high-rise buildings, housings, etc. and window
members 20 for vehicles. When the optical film 1 is applied to the architectural winggwymgawers, it is
preferably applied to the window member 10 that is oriented to face in some direction within a range,

in particular, fr tt%sgg%hﬁn ui_[tctle% t%weg{t(%l g f%velltg%n é %% ﬁggsouég\%% 25
2 -

southwest). T s is Hecause yappylngt eoptlcal 5 the member 10

oriented agimentioned abene, beatsays car benpaie-effectivelyrefiected Zhe ppgiealfijm 1 can be

applied to not only a single-layer window glass, but also a special glass, such as a multilayer glass.
Further, 5 thewinelow trizenlgrtlOcis Inof ilnited te acglads-nmdeomehibef iammtit may be a member
made of a high polymeric material having transparency. The optical layer 2 preferably has

transpare HeGR DI FE g Pk a6 i Piat, Wit tHeroptitahayEP? Habifgr&ffarency in the
visiblgrange, 10 when e optical fim, 1 15 affixed to the windgw,membet 10: ng 1:ignt
other than the directionally reflected light of particular
wavelengths, and that the optical film 1 is affixed to a
transmissive member transmitting light primarily at
transmission wavelengths, thus allowing the transmitted
10 light to be observed. Note that, depending on usage, the
second optical layer 5 may be intentionally provided with
the scattering property.
The optical film 1 is preferably used in such a way
that it is affixed to a rigid member, e.g., the window
15 member 10, which has transmissivity primarily to the
transmitted light other than the particular wavelengths,
with, e.g., an adhesive interposed therebetween. Examples
of the window member 10 include architectural window members
for high-rise builldings, housings, etc. and window members
20 for vehicles. When the optical film 1 is applied to the
architectural window members, it is preferably applied to
the window member 10 that is oriented toc face in some
direction within a range, in particular, from east to south
and further to west (e.g., within a range from scutheast to

25 southwest). This is because, by applying the optical film 1



e.g., the window glass, visible light is allowed to pass through the optical film 1 and lighting with the
sunlight can be ensured. The optical film 1 may be affixed to not only an inner surface of a glass, but
also an outer surface 15 thereof. 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 20 or innermost 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 o_n% r more of those functional layers are used in a
combined manner, the functional 25 layer(s) is preferably disposed at the interfaceetyegndhe - 23 -
SP300049 optical film 1 and air. However, the ultraviolet cutoff layer is to be disposed on the side
closer to the sun than the optical film 1. Thus, %?rticué?é%/ when the optical film 1 isggixgd to an

indoor-side-Surfde SPRSWINIETASGlass, RE AT CutbF iy e 1s Ae3RTBIS didlted between the
indoor-sid, surface.of tgg wiadaw.class and ihe,onlica lm 1oln that casg. an yiravioll absorber may

be added to an affixing layer between the indoor-side surface of the window glass and the optical film
1. 10Also, depenrgingopithedisegeras theaptcal fitmly the- optieat film Adoay becoigrerhia have a

visually attractive design. When the visually attractive design is given to the
also a special glass, such as a multilayer glass. Further,
5 the window member 10 ig not limited to a glass-made member,
and it may be a member made of a high polymeric material
having transparency. The optical layer 2 preferably has
transparency in the visible range. The reason is that, with
the optical layer 2 having transparency in the wvisible range,
10 when the optical film 1 is affixed to the window member 10,
e.g., the window glass, visible light is allowed to pass
through the optical film 1 and lighting with the sunlight
can be ensured. The optical film 1 may be affixed to not
only an inner surface of a glass, but also an outer surface
15 thereof.
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
20 or innermost 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

25 layer(s) is preferably disposed at the interface between the



optical film 1, it is preferable that at least one of the first optical layer 4 and the second optical layer 5
absorbs 15 primarily light in a particular wavelength band within the visible range to such an extent as
not reducing transparency.  Fig. 2 is a perspective view illustrating the relationship between incident
light that is incident on the optical film 1 and reflected light that is reflected by the 20 optical film 1. The
optical film 1 has the incident surface 51 on which light L is incident. It is preferable that the optical film
1 selectively directionally reflects, of the light L entering the incident surface Si at an incident angle (0,
(1)), light L1 in the particular wavelength band in_a 25 direction other than a specular reflection direction
(-0, 4) - 24 - SP300049 + 1800), while the optical film 1 transmits light L2 other thaiptheqearticular
wavelength band therethrough. Further, preferably, the optical film 1 has transparency to the light

other than the particulay yavelength band an the 5 transpareney falls within the, laterydescribed range

of transmission image clarity. Note that O is an angle formed by a perpendicular line 11 with respect to
the incident syiaca Si apdibe dcigenidighbh of heflecies lightdsle Alse Gisansanglefarmed by a
particular linear line 12 in 10 the incident surface 51 and a component resulting from projecting the
incident lighte opitie reflecfed fighit LI tBlthe indidentisurfaes b . ¥eesintthe partic@adlinear line 12 in
the incident surface implies an axis in which the reflection intensity in the direction is maximized when

15 the optiaim™1 fSrotE %R ut Gn2Ris BHEURIET By e SErHEFG cRbr FRE 1Y WMPspect to the
gt g8 5 UL oL e 0,01 ek e e - . e
between the indoor-side surface of the window glass and the
optical film 1. In that case, an ultraviolet absorber may
be added to an affixing layer between the indoor-side
surface of the window glass and the optical £ilm 1.

10 Also, 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 at least one of the
first optical layer 4 and the second optical layer 5 absorbs

15 primarily light in a particular wavelength band within the
visible range to such an extent as not reducing transparency.

Fig. 2 18 a perspective view illustrating the
relationship between incident light that is incident on the
optical film 1 and reflected light that is reflected by the

20 optical film 1. The optical film 1 has the incident surface
81 on which light L is incident. It is preferable that the
optical film 1 selectively directionally reflects, of the
light L entering the incident surface Si1 at an incident
angle (B, ¢), light L, in the particular wavelength band in a

25 direction other than a specular reflection direction (-0, ¢



20 one of those axes is selected as the linear line 12. Further, an angle 0 rotated clockwise from the
perpendicular line 11 as a reference is defined as "+0", and an angle 0 rotated counterclockwise from
the perpendicular line 11 is defined as "-0". An angle rotated clockwise from the linear line 25 12 as a
reference is defined as "+0", and an angle O rotated - 25 - SP300049 counterclockwise from the linear
line 12 is defined as The light in the particular wavelength band, which is to be selectively directionally
reflected, and the particular light to be transmitted are set differently 5 depending on the usage of the
optical film 1. For example, when the optical film 1 4s,applied to the window member 10, it is preferable
that the light in the particular wavelength band, which is to be selectively directionadlyygfecied, is near
infrared light and the transmitted light other than the 10 particular wavelength band is visible light. In

more detail, ttjg Hg_igt in v}ﬁ@ P%rtt%%r&'éaro%@%?ﬂgtf’i%'dl W@{C%ﬁi,g‘ﬁg pg s]fei%{ye% diregtionally reflected,

is preferabTLy near infrared lig imarfly falling in a wavelength range of 780 nmo 2100 nm. By
reflecting the Hear indrasad-Hgbt; 8215 temparatiyerisednside adidldingcambe suppressed when the
optical body is affixed to the window member such as the window glass. Accordingly, a cooling load
can be redoced andtehergy bavingcandde ddhieved. iereiny drestermeniingctiondl efleictioht implies
that light is reflected in 20 a particular direction other than the specular reflection direction and the

intensity oftFBFEf&dtaR ligheisRtmfdemhPStrofges thRT e Ruitg Bt lighSdiffusely reflected with no
drectgnalip Alsg. e expression, elect imelis that e 'sllseprgen aagieuly 2 wavelengtr

transmission image clarity. Note that 0 is an angle formed
by a perpendicular line 1l; with respect to the incident
surface S1 and the incident light L. or reflected light L,.
Also, ¢ is an angle formed by a particular linear line 1, in

10 the incident surface S1 and a component resulting from
projecting the incident light L or the reflected light L; to
the incident surface S1. Herein, the particular linear line
1, in the incident surface implies an axis in which the
reflection intensity in the direction ¢ is maximized when

15 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 (0, ¢) is
held fixed {(see Fig. 3). When there are plural axes
(directions) in which the reflection intensity is maximized,

20 one of those axes is selected as the linear line 1,. Further,
an angle 6 rotated clockwise from the perpendicular line 1,
as a reference is defined as "+6", and an angle 0 rotated
counterclockwise from the perpendicular line 1, is defined
ags "-8". An angle ¢ rotated clockwise from the linear line

25 1, as a reference is defined as "+6", and an angle ¢ rotated



- 26 - SP300049 preferably 30% or more, more preferably 50% or more, and even more preferably
80% or more. Further, the expression "transmit" implies that the transmittance in a particular
wavelength band, e.g., in the visible light range, is 5 preferably 30% or more, more preferably 50% or
more, and even more preferably 70% or more. In the optical film 1, a direction $o in which the incident
light is directionally reflected is preferably in the range of -90 or more to 90 or less. The reason is 10
that, on such a condition, when the optical film 1 is affixed to the window member 10, it can return, of
the light incoming from the sky, the light in the partigyilar wavelength band toward the sky. When there
are no high-rise buildings in the surroundings, the optical film 1 15 directionally reflegting thesincident
light in the above-mentioned range is usefully employed. Further, the direction of the directional

reflection i preferably nghe vicinipy.of (4. 12)-1 NG.xpressian Tvicinitys Ippligsithat adeyiation in the

direction of the directional reflection 20 is preferably within 5 degrees more preferably within 3

degrees, and evernmaore praferably withis2 gegieeswidh kespestitonObadi TheHeason is that, by
setting the direction of the directional reflection as described above, when the optical film 1 is affixed to
the windovi mersbereilE O5iiveary efficiatlyiendh Lof theflighrmedmingfrofifthe

particular light to be transmitted are set differently
5 depending on the usage of the optical film 1. For example,

when the optical film 1 is applied to the window member 10,
it is preferable that the light in the particular wavelength
band, which is to be selectively directionally reflected, is
near infrared light and the transmitted light other than the

10 particular wavelength band is vigible light. In more detail,
the light in the particular wavelength band, which is to be
selectively directionally reflected, is preferably near
infrared light primarily falling in a wavelength range of
780 nm to 2100 nm. By reflecting the near infrared light, a

15 temperature rise inside a building can be suppressed when
the optical body is affixed to the window member such as the
window glass. Accordingly, a cooling lcad can be reduced
and energy saving can be achieved. Herein, the term
"directional reflection" implies that light is reflected in

20 a particular direction other than the gpecular reflection
direction and the intensity of the reflected light is
sufficiently stronger than the intensity of light diffusely
reflected with no directionality. Also, the expression
"reflect” implies that the reflectance in a particular

25 wavelength band, e.g., in the near infrared range, is



- 27 - SP300049 sky above buildings standing side by side at substantially the same height, the light in
the particular wavelength band toward the sky above the other buildings. In order to realize such
directional reflection, the concave-convex 5 surface of the first optical layer 4 or the second optical
layer 5 is preferably formed by arraying pillars, extending in one direction, in a one-dimensional
pattern. The light incoming in the direction (0, S) reflected in a direction (00, -S) 10 accordance with a
slope angle of the pillar. In the optical film 1, the light in the particular wavelength range is
preferably directionally reflected in a direction in.thggicinity of the direction of retroreflection. In other
words, the direction of the 15 reflection of the light in the particular wavelength range;efdhe dight
incident on the incident surface S1 at the incident angle (0, S), is preferably in the vicinity of (0, 4). On

that condion. e, G opfisalfimdsffyed Lo he windowmember 49, ap rewpy of the ligh

incoming 20 from the sky, the light in the particular wavelength’band toward the Sky. Herein, the
expressioneiiginiis te@plies that acdeyiation srthastiectiomeof thesdirectionab reflestion éspreferably
within 5 degrees, more preferably within 3 degrees, and even more preferably within 2 degrees. 25
The reasor! isrivagisycdatishpdd sacit haangbewheatisen 1 28ar8R300040 particular

wavelength band, e.g., in the visible light range, is
5 preferably 30% or more, more preferably 50% or more, and
even more preferably 70% or more.

In the optical film 1, a direction ¢, in which the
incident light is directionally reflected is preferably in
the range of -90° or more to 90° or less. The reason is

10 that, on such a condition, when the optical film 1 is
affixed to the window member 10, it can return, of the light
inceming from the sky, the light in the particular
wavelength band toward the sky. When there are no high-rise
buildings in the surroundings, the optical film 1

15 directionally refliecting the incident light in the above-
mentioned range is usefully employed. Further, the
direction of the directional reflection is preferably in the
vicinity of (8, -¢). The expression "vicinity" implies that
a deviation in the direction of the directional reflection

20 is preferably within 5 degrees, more preferably within 3
degrees, and even more preferably within 2 degrees with
respect to (B, -¢). The reason is that, by setting the
direction of the directional reflection as described above,
when the optical £ilm 1 is affixed to the window member 10,

25 it can efficiently return, of the light incoming from the



optical film 1 is affixed to the window member 10, it can efficiently return, of the light incoming from the
sky, the light in the particular wavelength band toward the sky. Moreover, in the case of, e.g., an
infrared sensor or an 5 infrared image pickup device where an infrared light emitting unit and a light
receiving unit are adjacent to each other, the direction of retroreflection is to be set aligned with the
incident direction. However, when sensing in a particular direction is not performed as in the present
10 invention, the direction of retroreflection and the incident direction are not required to be exactly
aligned with each other. In the optical film 1, a valug,of_the transmission image clarity in the
wavelength band where the optical film 15 1 has transmissivity is preferably 50 or lgggeys pyose
preferably 60 or larger, and even more preferably 75 or larger when an optical comb of 0.5 mm is

used. Wheg the valye of th QQ r@%?egtcﬁrgg ?nglie{ethg[% Sngé%ma?[%E}t image tends

to blur in appéarance. W en t ue 0 ransmission image clarity is not sm han 50 and
smaller thaJhQO,sTé'lﬁée ﬁ@l@@l@cobi@lr@smgﬁﬂy life thpwob depending wneutdoerbrightpess: When the

value of the transmission image clarity is not smaller than 60 and smaller than 75, the outdoor sight
can be clearyaiedvethzs althowdrourly theery Bright objett] sugh as dtightrsmurceéo- 29 - SP300049
realize such directiocnal reflection, the concave-convex
5 surface of the first optical layer 4 or the second optical
layer 5 is preferably formed by arraying pillars, extending
in one direction, in a one-dimensional pattern. The light
incoming in the direction (6, ¢} (-90° < ¢ < 90°) can be
reflected in a direction (B,, -¢) (0° < B, < 90°) in
10 accordance with a slope angle of the pillar.

In the optical film 1, the light in the particular
wavelength range is preferably directiocnally reflected in a
direction in the vicinity of the direction of
retroreflection. In other words, the direction of the

15 reflection of the light in the particular wavelength range,
of the light incident on the incident surface 31 at the
incident angle (8, ¢), is preferably in the vicinity of (0,
¢} . On that condition, when the optical film 1 is affixed to
the window member 10, it can return, of the light incoming

20 from the sky, the i1ight in the particular wavelength band
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.

25 The reason is that, by satisfying such a range, when the



causes a displeasing diffraction pattern. When the value of the transmission image clarity is not
smaller than 75, a diffraction pattern is hardly displeasing. Further, a total of values of the transmission
image clarity measured using 5 optical combs of 0.125 mm, 0.5 mm, 1.0 mm and 2.0 mm is preferably
230 or larger, more preferably 270 or larger, and even more preferably 350 or larger. When the total
value of the transmission image clarity is smaller than 230, a transmission image tends to blur in
appearance. When the 10 total value of the transmission image clarity is not smaller than 230 and
smaller than 270, there are no problems in daily.lifeghaugh depending on outdoor brightness. When
the total value of the transmission image clarity is not smaller than 270 and smalleg tham 3@, the
outdoor sight can be 15 clearly viewed although only a very bright object, such as a light source,

causes a displeasing diffraction pattern; When the fofal,yalie of the fransmission image, clarity is not

smaller than 350, the diffraction pattern is hardly displeasing. Herein, the value of the transmission
image 20 ¢lantyds sagaspred tueenformity with IHgHE7 i0k-by usingd S 1THaade Py Sitga Test
Instruments Co., Ltd. Note that when the wavelength to be transmitted differs from that of the D65 light
source, the ke utemeheisipresferably perforviediter cakeadorn awmg filker [fting the 25
wavelength to be transmitted. - 30 - SP300049 In the aptical film 1, haze occurred in the

wavelengtHBERTYfere the OREcQFRT Phas Fafsmiddivityid PREErLly B8988r REsMore preferably
4% ordess, god even more prefarably 2% avjess. e /eason isthat Jihe hazg.

emitting unit and a light receiving unit are adjacent to
each other, the direction of retroreflection is to be set
aligned with the incident direction. However, when sensing
in a particular direction is not performed as in the present
10 invention, the direction of retroreflection and the incident
direction are not required to be exactly aligned with each
other.
In the optical film 1, a value of the transmission
image clarity in the wavelength band where the optical film
15 1 has transmissivity is preferably 50 or larger, more
preferably 60 or larger, and even more preferably 75 or
larger when an optical comb of 0.5 mm is used. When the
value of the transmission image clarity is smaller than 50,
a transmission image tends to blur in appearance. When the
20 wvalue of the transmission image clarity is not smaller than
50 and smaller than 60, there are no problems in daily life
though depending on outdoor brightness. When the value of
the transmission image clarity is not smaller than 60 and
smaller than 75, the outdoor sight can be clearly viewed

25 although only a very bright object, such as a light source,



5 exceeds 6%, the transmitted light is scattered and a view is obscured. Herein, the haze is measured
in accordance with the measurement method stipulated in JIS K7136 by using HM- 150 made by
Murakami Color Research Laboratory Co., Ltd. Note that when the wavelength to be transmitted
differs from 10 that of the D65 light source, the measurement is preferably performed after calibration
using a filter having the wavelength to be transmitted. The incident surface Si, preferably both the
incident surface Si and the emergent surface 52, of the optical film 1 have smoothness at such a 15
level as not degrading the transmission image clarity. More specifically, arithmetic mean roughness Ra
of the incident surface Si and the emergent surface S2 is preferably 0.08 pm or less; 3nare4qreferably
0.06 pm or less, and even more preferably 0.04 pm or less. Note that the arithmetic mean 20

roughness-Ba ds gbiainad,as adougBnessriarametenby measvrng the sHriase reughness of the
incident surface and deriving a roughness curve from a two-dimensional profile curve. Measurement

conditionstate setimeatifermitywithalds BOGO#R 20011 A measurirzgl apparatusianid measurement 25
conditions are as follows; - 31 - SP300049 measuring apparatus: full-automated fine shape measuring

machine SURECOTERTE RAIODR Indde Bf KosHka 1 aBoRAGYIId.), WS 1fh, edaliliiéh length: 4

anCuKﬁ%§5b%T%ggu%%a@BQK{¥g%¥%Egg%BgLimage clarity measured using

5 optical combs of 0.125 mm, 0.5 mm, 1.0 mm and 2.0 mm is
preferably 230 or larger, more preferably 270 or larger, and
even more preferably 350 or larger. When the total value of
the transmission image clarity is smaller than 230, a
transmission image tends to blur in appearance. When the

10 total value of the transmission image clarity is not smaller
than 230 and smaller than 270, there are no problems in
daily life though depending on outdoor brightness. When the
total value of the transmission image clarity is not smaller
than 270 and smaller than 350, the outdoor sight can be

15 clearly viewed although only a very bright object, such as a
light source, causes a displeasing diffraction pattern.

When the total value of the transmigsion image clarity is
not smaller than 350, the diffraction pattern is hardly
displeasing. Herein, the value of the transmission image

20 clarity is measured in conformity with JIS K7105 by using
ICM-1T made by Suga Test Instruments Co., Ltd. Note that
when the wavelength to be transmitted differs from that of
the D65 light source, the measurement is preferably
performed after calibration using a filter having the

25 wavelength to be transmitted.



5The light transmitted through the optical film 1 is preferably as close as possible to neutral in color.
Even when the transmitted light is colored, the color preferably has a pale tone in, e.g., blue,
blue-green or green that provides a cool feeling. From the viewpoint of obtaining 10 such a color tone,
it is desired that chromaticity coordinates x and y of the transmitted light and the reflected light, the
transmitted light being output from the emergent surface S2 after entering the incident surface Si and
passing through the optical layer 2 and the wavelength 15 selective reflecting layer 3, satisfy
respective ranges of preferably 0.20 < x < 0.35 and §.20 <y < 0.40, more preferably 0.25 < x <0.32
and 0.25 <y < 0.37, and even more preferably 0.30 < x < 0.32 and 0.30 <y < 0.35 wienothe
measurement is conducted for irradiation using the D65 20 light source, for example. Further, from the

viewpoint of avoiding:the colartene from hegoming reddishyitisdesired-that the ehrematicity

coordinates x and y satisfy the relationship of preferably y > x - 0.02 and more preferably y > x. In

addition, change wheoler tdne afiihe seflected 25 light depernding dndhe incjdeint angle is undesired

because, - 32 - SP300049 when the optical film is applied to, e.g., building windows, the color tone is

different d&FETRAGBAYA FiBWATY pREE anirPapielfitpdolor i thakged Bpon anikifgeFrom the

viewpoint of su pres% above-men{cioned cha%rll e in the 5 color tone of th]_g reflected light, each of
i

an absolut8Vatud 6 %%ftaeqﬁ KetwEn chfShaticity co6Taiates % ahdHn abisol(taSaiie 5t difference
betwegen chrgmatigity coordipates,y. althedight whigh is ingidept, en the incident sugfage, Sior the
emergent surface 2 at the 10 incident angle O of 5 or larger and 60 or smaller and which is specularly
reflected byibe optieal filnetsprefenablyHL5 oesmalen: maie prefesaidy @03-er simatter, and even
more preferably 0.01 or smaller at each of both the principal surfaces of the optical film 1. The above-
the measurement method stipulated in JIS K7136 by using HM-
150 made by Murakami Color Research Laboratory Co., Ltd.
Note that when the wavelength to be transmitted differs from
10 that of the D65 light source, the measurement is preferably
performed after calibration using a filter having the
wavelength to be trangsmitted. The incident surface 81,
preferably beoth the incident surface 81 and the emergent
surface 82, of the optical f£ilm 1 have smoothness at such a
15 ilevel as not degrading the transmission image clarity. More
gspecifically, arithmetic mean roughness Ra of the incident
surface 51 and the emergent surface S2 is preferably 0.08 um
or less, more preferably 0.06 um or less, and even more
preferably 0.04 um or less. Note that the arithmetic mean
20 roughness Ra is obtained as a roughness parameter by
measuring the surface roughness of the incident surface and
deriving a roughness curve from a two-dimensional profile
curve. Measurement conditions are set in conformity with

JIS BO601:2001. A measuring apparatus and measurement

25 conditions are as follows;



15 described limitations on numerical ranges regarding the chromaticity coordinates x and y of the
reflected light are desirably satisfied for both the incident surface 1 and the emergent surface 2.

In order to suppress the color change in the vicinity 20 of the specular reflection, it is preferable that
the optical film 1 does not include a plane having an inclination angle of preferably 5 or smaller and
more preferably 10 or smaller. Further, when the wavelength selective reflecting layer 3 is covered
with a resin, the 25 incident light is refracted upon entering the resin from air, - 33 - SP300049 and
hence the change of the color tone in the vicinity of the-specularly reflected light can be suppressed
over a wider range of incident angle. Additionally, when the color of light reflected mrsaroe dérection
other than the specular 5 reflection causes a problem, the optical film 1 is preferably arranged such
that it does ngt disgctiopally seflectthe light in the directien-eausing the piobleraa suF hadirst optical
layer 4, the second optical layer 5, and the wavelength selective reflecting layer 3, which 10 constitute
the opticaldidnarli mell beresonbed BTamzn Helove dEirsyOptcal kaybsbnd Second Wptical Layer) The
first optical layer 4 serves to, for example,

10

15

20

25

Ac = 0.8 mm, evaluation length: 4 mm, cutoff: x5, and
data sampling interval: 0.5 um.

The light transmitted through the optical film 1 is
preferably as close as possible to neutral in color. Even
when the transmitted light is colored, the color preferably
has a pale tone in, e.g., blue, blue-green or green that
provides a cool feeling. From the viewpoint of obtaining
such a color tone, it is desired that chromaticity
coordinates x and y of the transmitted light and the
reflected light, the transmitted light being output from the
emergent surface 852 after entering the incident surface 81
and passing through the optical layer 2 and the wavelength
selective reflecting layer 3, satisfy respective ranges of
preferably 0.20 « X « 0.35 and 0.20 < v < 0.40, more
preferably 0.25 < X < 0.32 and 0.25 < y < 0.37, and even
more preferably 0.30 <« x < 6.32 and 0.30 < y < 0.35, when
the measurement is conducted for irradiation using the D65
light source, for example. Further, from the viewpoint of
avoiding the color tone from becoming reddish, it is desired
that the chromaticity coordinates x and y satisfy the
relationship of preferably v > x - 0.02 and more preferably
y » x. In addition, change in color tone of the reflected

light depending on the incident angle is undesired because,



support and protect the wavelength selective reflecting 15 layer 3. The first optical layer 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 is a 20 concave-convex surface (first surface). The wavelength selective reflecting layer 3 is
formed on that concave-convex surface. The second optical layer 5 serves to protect the wavelength
selective reflecting layer 3 by embedding the 25 first surface (concave-convex surface) of the first
optical - 34 - SP300049 layer 4 on which the wavejength selective reflecting layer 3 is formed. The
second optical layer 5 is made of a layer containing, e.g., a resin as a main compogentsfs@mdhe
viewpoint of giving the optical film 1 with flexibility. 5 For example, one of two principal surfaces of the

second opfi¢allayers isgsmeethsyriaceand ifiesifer is a gopcavesconvgxyrges dsgrond
surface). The concave-convex surface of the first optical layer 4 and the concave-convex surface of
the second:bjpticablayer bare reverdcdiesach lde-pgibativcancayevdawendgelalioane and

an appearing color is changed upon walking. From the

viewpoint of suppressing the above-mentioned change in the

5 color tone of the reflected light, each of an absolute value

of difference between chromaticity coordinates x and an

absolute value of difference between chromaticity

coordinates y of the light, which is incident on the

incident surface 81 or the emergent surface S2 at the

10 incident angle 6 of 5° or larger and 60° or smaller and
which is specularly reflected by the optical film 1, is
preferably 0.05 or smaller, more preferably 0.03 or smaller,
and even more preferably 0.01 or smaller at each of both the
principal surfaces of the optical film 1. The above-

15 described limitations on numerical ranges regarding the
chromaticity coordinates x and y of the reflected light are
desirably satisfied for both the incident surface S1 and the
emergent surface 52.

In order to suppress the color change in the vicinity

20 of the specular reflection, it is preferable that the
cptical film 1 does not include a plane having an
inclination angle of preferably 5° or smaller and more
preferably 10° or smaller. Further, when the wavelength
selective reflecting layer 3 is covered with a resin, the

25 incident light is refracted upon entering the resin from air,



The concave-convex surface of the first optical layer 4 is formed, for example, by a plurality of
asymmetrical triangular pillars 4c that are arrayed in a one-dimensional pattern. The concave-convex
surface of the second optical 15 layer 5 is formed, for example, by a plurality of asymmetrical
triangular pillars Sc that are arrayed in a one-dimensional pattern. Because the triangular pillars 4c of
the first optical layer 4 and the triangular pillars Sc of the second optical layer 5 differ only in that the
20 concave-convex relation is reversed to each other, the following description is made just about the
triangular pillars 4c of the first optical layer 4.  _ Ipthe_optical film 1, a pitch P of the triangular pillars
4c is preferably not smaller than 5 km and not 25 larger than 5 mm, more preferablypgigl sgaaller than 5
km and - 35 - SP300049 smaller than 250 p.m, and even more preferably not smaller than 20 pm and

not Iargerg Zﬁ kIIl ﬁ ftheftrrgﬂ ulgr |IIarsC4%|s slmaI{e,r thg S:pm £ is %enerally
iffi ormt etrrangu ar pillars

difficult to Ut in the esire shape Further ecause there is generally a

difficulty inynaking steepa wavelenoth selection ghaaeteristic offha-warelgngih-selgctive reflecting
layer 3, the wavelength selective reflecting layer 3 may reflect light in part of transmission

wavelengths. desucharefiectidn dccurdeh@ diffrgétion istdeneratenednd/hightender heflectids are also
of light reflected in some direction other than the specular
5 reflection causes a problem, the optical film 1 is
preferably arranged such that it does not directionally
reflect the light in the direction causing the problem.
The first optical layer 4, the second optical layer 5,
and the wavelength selective reflecting layer 3, which
10 constitute the optical film 1, will be described in order
below.
(Firet Optical Layer and Second Optical Layer)
The first optical layer 4 serves to, for example,
support and protect the wavelength selective reflecting
15 layer 3. The first optical layer 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 layef 4 is a smooth surface and the other is a
20 concave-convex surface (first surface). The wavelength
selective reflecting layer 3 1is formed on that concave-
convex surface.
The second optical layer 5 serves to protect the
wavelength selective reflecting layer 3 by embedding the

25 first surface (concave-convex surface) of the first optical



visually observed, whereby transparency tends to be felt poor. On the other hand, if the pitch of the
triangular pillars 4c exceeds 5 mm, a necessary film thickness is increased and flexibility is lost from
the optical film 1, 15 taking into consideration the shape of the triangular pillars 4c required for the
directional reflection. The loss of flexibility causes a difficulty in affixing the optical film 1 to a rigid body,
such as the window member 10. Also, by setting the pitch of the triangular pillars 4c to 20 be smaller
than 250 pm, flexibility is further increased to such an extent that the optical film 1 can be easily
manufactured in a roll-to-roll manner and batch pradyction is not necessary. When the optical element
according to the present invention is applied to building components such as 25 wiggowsg e optical
element is required to have a length of - 36 - SP300049 about several meters and roll-to-roll

production,js mare suifablg han the atgh rodugtion. Mereover, whenghe itchds sgt tobe not

smaller than 20 mm and not larger than 200 mm, productivity can be further increased. 5In addition,
the shape okthectiasgularmiliars dedammeg i thelsurfaeerofshe drsiopdicaldayer4isaiot limited to
one type, and the triangular pillars 4c may be formed in plural types of shapes in the surface of the first
optical laysrotwheaige triargulardillees 4e lrevigg Bel10 gliraapses of sitabeshdre formed in the
surface of the first gptical layer 4, a predetermined pattern including the riangéJlar,pillars 4c having the

plural type¥ bR ERIFES nialy 5B ally fepted niterhatively, The Biurafspee bf fangular pillars 4c
may be formed atrandom (N9 1§§VE@@|%{}9SB§? Ing gn,the desireq chgractenistics.  Fig. 3Aisa

perspective view illustrating an example of shape of the triangular pillars formed in the first optical
layer. Fig. 3Bds @ssectignahview illisiragingamexample-ef construction-afithe opgical film including the

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

10 other in a concave-convex relation.

The concave-convex surface of the first optical layer 4

ig formed, for example, by a plurality of asymmetrical
triangular pillars 4c that are arrayed in a one-dimensional
pattern. The concave-convex surface of the second optical

15 layer 5 is formed, for example, by a plurality of
asymmetrical triangular pillarg Bc 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

20 concave-convex relation is reversed to each other, the
following description is made just about the triangular
pillars 4c of the first optical layer 4.

In the optical film 1, a pitch P of the triangular

piilars 4c is preferably not smaller than 5 pum and not

25 larger than 5 mm, more preferably not smaller than 5 um and



20 first optical layer in which the triangular pillars illustrated in Fig. 3A are formed. The triangular pillars
4c are in the form of asymmetrical triangular pillars extending in one direction, and those triangular
pillars 4c are arrayed side by side in one direction, i.e., in a one- 25 dimensional pattern. With the
triangular pillar 4c having - 37 - SP300049 such a shape, the incident light can be returned toward the
sky after being reflected once or twice. Accordingly, in comparison with the case using corner cubes
where the incident light is returned to the sky after being reflected 5 three times, the amount of light
absorbed by the wavelength selective reflecting-layer 3 can be reduced and heat generation can be
suppressed. Since the wavelength selective reflecting layer 3 is formed on the triapgualan pidlars 4c, the
wavelength selective reflecting layer 3 has 10 the same shape as the surface shape of the triangular

pillars 4c. g Aiilystiated iBEig. 34, theyianduanpiiars 4eare £260 2 Hapgulas pilar having an
asymmetrical shape with respect to a perpendicular line 11 that is 15 perpendicular to the incident
surface Siortle emaigerirgluriace S2ofhthe aptical filoo 140 .sucfacasepd prihcipal atis 1, of the
triangular pillar 4c is inclined from the perpendicular line 11 as a reference in an array direction a of the
triangular illdsnas Heteln! i 26 phificibal %8 1l oF tidwRnJuldR pillaF 48 SmPRES AiheHr line
passing a midnoint gf.a P19, Sids gL C1ass:seqton of 1hg Mangylar plllarand,an apex of the
5 shape. Further, because there is generally a difficulty in
making steep a wavelength selection characteristic of the
wavelength selective reflecting layer 3, the wavelength
selective reflecting laver 3 may reflect light in part of
transmission wavelengths. If such reflection occurs,
10 diffraction 1s generated and high-order reflections are also
visually observed, whereby transparency tends to be felt
poor. On the other hand, if the pitch of the triangular
pillars 4c exceeds 5 mm, a necessary film thickness is
increased and flexibility is lost from the optical film 1,
15 taking into consideration the shape of the triangular
pillars 4c¢ required for the directional reflection. The
loss of flexibility causes a difficulty in affixing the
optical film 1 to a rigid body, such as the window member 10.
Also, by setting the pitch of the triangular pillars 4c¢ to
20 Dbe smaller than 250 pm, flexibility is further increased to
such an extent that the optical £ilm 1 can be easily
manufactured in a roll-to-roll manner and batch production
is not necessary. When the optical element according to the

present invention is applied to building components such as

25 windows, the optical element is reguired to have a length of



triangular pillar. When the optical film 1 is affixed to the window member 10 arranged substantially
vertically to 25 the ground, the principal axis 1, of the triangular pillar - 38 - SP300049 4c is inclined to
the upper side (sky side) or the lower side (ground side) of the window member 10 from the
perpendicular line 11 as a reference. In the example illustrated in Fig. 3B, the principal axis 1, of the 5
triangular pillar 4c is inclined to the lower side (ground side) of the window member 10 from the
perpendicular line 11 as a reference. Fig. 4A is an enlarged sectional view illustrating, in enlarged
scale, a part of the optical film illustrated in 10 Fig.33B.-Fig. 4B is an enlarged sectional view
illustrating, in enlarged scale, the wavelength selective reflecting layer illustrated irsBigo 384 he
triangular pillar 4c has a first sloped surface Spl and a second sloped surface Sp2 each providing a

triangular pilafsurfasee 181 anlilikds fopmedsufage.- 9o whigh-ibawvavelenatl selacdive reflecting
layer 3 is formed. The first sloped surface Spl becomes a surface positioned on the upper side (sky
side) whersthieteitical filnad is aHixedtoitheadiersnihe . g., therwimdew, mehsber e and the second
sloped surface Sp2 becomes a 20 surface positioned on the lower side (ground side) when the optical
film 1 is affXdertd the &fferéfd Reghate Wittdov?indmiBer B Ithe ottty déxdp¥ion, film
thicknesses. of th velength selective reflecting layer 3 formed on the first sloped surface Spl and
the seconot %%e st(grflé%é %p %%elgéleféa a ’ﬁgst im fhllglgrl?eeslé diEhd & gg‘édnd film

5 In addition, the shape of the triangular pillars 4c
formed in the surface of the first optical layer 4 is not
limited to one type, and the triangular pillars 4c may be
formed in plural types of shapes in the surface of the first
optical layer 4. When the triangular pillars 4c having the

10  plural types of shapes are formed in the surface of the
first optical layer 4, a predetermined pattern including the
triangular pillars 4c having the plural types of shapes may
be cyclically repeated. Alternatively, the plural types of
triangular pillars 4c¢ may be formed at random (non-

15 c¢yclically) depending on the desired characteristics.

Fig. 3A is a pergpective view illustrating an example
of shape of the triangular pillars formed in the first
optical layer. Fig. 3B is a sectional view illustrating an
example of construction of the optical film including the

20 first optical layer in which the triangular pillars
illustrated in Fig. 3A are formed. The triangular pillars
4c are in the form of asymmetrical triangular pillars
extending in one direction, and those triangular pillars 4c
are arrayed side by side in one direction, i.e., in a one-

25 dimensional pattern. With the triangular pillar 4c having



- 39 - SP300049 thickness d2 of the wavelength selective reflecting layer 3, respectively. The
triangular pillar 4c has an apex angle a that is formed by the first sloped surface Spl and the second
sloped 5 surface Sp2, and a slope angle p of the first sloped surface Spl with respect to the incident
surface 51 or the emergent surface 52. The slope angle p provides a slope angle positioned on the
upper side (sky side) when the optical film 1 is affixed to the adherend, e.g., the window member 10
10. The optical film 1 is affixed to the adherend, e.g., the window member 10 or a building, in such a
state that the slope angle p of the triangular pillar 4¢;is_positioned upward of the apex angle a thereof.
The apex of the triangular pillar 4c may be rounded to have a curvature 15 radius BpWjanthe apex of
the triangular pillar 4c is rounded to have a curvature radius R as mentioned above, the apex angle R

is defined ag,an %Dem%@qglsﬁerr@ﬁ%mwe sidesof theapeX at aRasifion kefors-therapex is curved
us K.

at the curvature radi 20The apex angle a and the slope angle p satisfy any one of the following
formula (1)stoy(43.fERra réasongs tadt] by satisfyingeamyronavatinosefotrattaeng hyghermpward

reflectance can be obtained. -3.6a + 396p80 (8590)

comparison with the case using corner cubes where the
incident light is returned to the sky after being reflected

5 three times, the amount of light absorbed by the wavelength
gselective reflecting layer 3 can be reduced and heat
generation can be suppressed. Since the wavelength
selective reflecting layer 32 is formed on the triangular
pillars 4c, the wavelength selective reflecting layer 3 has

10 the same shape as the surface shape of the triangular
pillars 4c.

Ag illustrated in Fig. 3A, the triangular pillars 4c
are each a triangular pillar having an asymmetrical shape
with respect to a perpendicular line 1; that is

15 perpendicular to the incident surface S1 or the emergent
surface $2 of the optical £iim 1. In such a case, a
principal axis 1, of the triangular pillar 4c is inclined
from the perpendicular line 1; as a reference in an array
direction a of the triangular piliars 4c. Herein, the

20 principal axis 1, of the triangular pillar 4c implies a
linear line passing a midpoint of a bottom side of a cross-
section of the triangular pillar and an apex of the
triangular pillar. When the optical film 1 is affixed to
the window member 10 arranged substantially vertically to

25 the ground, the principal axis 1, of the triangular pillar



25a - 30p-a + 170 (90a100) - 40 - SP300049 30pa - 50 (80a90) 30p-a + 130 (90a100) When the
apex angle a and the slope angle p satisfy the formula (1) or (2), the first film thickness dl and the 5
second film thickness d2 are preferably substantially the same. This is because improvement of
transmission performance and reflection performance can be expected on such a condition. Herein,
the expression "the film thicknesses are substantially the same” implies that a 10 proportion of the
second film thickness d2 to the first film thickness dl, i.e., ((dl/d2) x 100) [%], is 10% or less. When
the apex angle a and the slope angle p satisfy the f@rmula (3) or (4), the first film thickness dl and the
second film thickness d2 may differ from each other. In 15 such a case, if the wavealesgthsedective
reflecting layer 3 on one sloped surface is thin, it cannot reflect light and transmits the light

therethrough. Therefore; testhickness ofifie-wavalgaotiseledived eflegtingHayegis-preferably set to
be 7 nm or more. On the other hand, if the thickness 20 of the wavelength selective reflecting layer 3

exceeds 14 i flopdingndf thedeiflectediight edcutswT henefore, the thickmesshef the wavelength
selective reflecting layer 3 is preferably set to be 14 nm or less. In other words, a ratio between both
the film thiB&828RS IS Bretérably?200% BF|cds T2 PHERRZ R optichl )& £7FSIREDly contains, as a

illustrated in Fig. 3B, the principal axis 1, of the
5 triangular pillar 4c is inclined to the lower side (ground
side) of the window 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 illustrated in

10 Fig. 3B. Fig. 4B is an enlarged sectional view illustrating,
in enlarged scale, the wavelength selective reflecting layer
illustrated in Fig. 3B. The triangular piilar 4c has a
first sloped surface Spl and a second sloped surface Sp2
each providing a triangular pillar surface, i.e., a f£ilm-

15 formed surface, on which the wavelength selective reflecting
layer 3 is formed. The first sloped surface Spl becomes a
surface positioned on the upper side (sky side) when the
optical film 1 is affixed to the adherend, e.g., the window
member 10, and the second sioped surface Sp2 becomes a

20 surface posgitioned on the lower side (ground side)} when the
optical f£ilm 1 is affixed to the adherend, e.g., the window
member 10. In the following description, film thicknesses
of the wavelength selective reflecting layer 3 formed on the
first sloped surface Spl and the second sloped surface Sp2

25 are called a first film thickness d1 and a second film



- 41 - SP300049 main component, a resin of the type exhibiting a small reduction in its storage
modulus at 100C and not providing a significant difference in storage modulus between 25C and
100C. In more detalil, the first optical layer 4 preferably 5 contains a resin having the storage modulus
of 3 x 109 Pa or less at 25C and the storage modulus of 3 x 107 Pa or more at 100C. Note that the
first optical layer 4 is preferably made of one type of resin, but it may contain two or more types of
resins. Further, the first optical layer 4 may be 10 mixed with an additive, when necessary.  When
the first optical layer 4 contains, as a main comporgnt,-the resin of the type exhibiting a small
reduction in its storage modulus at 100C and not providing a significant difference grstocagezmodulus
between 25C and 15 100C as described above, the first optical layer 4 can substantially maintain the

interface spaRe RaNeE dgsighrevanwhiglaRRgess yaderapphsaterotheator bpih-el-heat and
pressure is carried out after forming the concave-convex surface (first surface) of the first optical layer

4. 20 On the=ettrer biamd Lif 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 prowdmia significant difference in
storage modulus DedwEdr 25814t 190¢ Live |ﬁf"erfé%§ séh’épéﬁ’@ﬂe 8 ffonk B¥E désigned 25 shape

0 sucha@gg exée%t thg.hthe %@ftlsct?l fl@: ad%x surface Spl and the second sloped

5 surface Sp2, and a slope angle § of the first sloped surface
Spl with respect to the incident surface S1 or the emergent
surface 82. The slope angle P provides a slope angle
positioned on the upper side (sky side)} when the optical
film 1 is affixed to the adherend, e.g., the window member

10 10. The optical film 1 is affixed to the adherend, e.g.,
the window member 10 or a building, in such a state that the
slope angle B of the triangular pillar 4c is positioned
upward of the apex angle a thereof. The apex of the
triangular pillar 4c may be rounded to have a curvature

15 radius R. When the apex of the triangular pillar 4c is
rounded to have a curvature radius R as mentioned above, the
apex angle R is defined as an cpening angle formed by two
sides of the apex at a position before the apex is curved at
the curvature radius R.

20 The apex angle a and the slope angle P satisfy any one
of the following formula {1) to (4). The reason is that, by
satisfying any one of those formulae, a higher upward
reflectance can be obtained.

-3.600 + 396 £ B £ 80 (85 £ £ 90) - (1)

25 o - 30 £B < -+ 170 (90 £ a £ 100) W (2)



SP300049 curled.  Here, 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 5
process in which temperature at the surface of a formed film is locally raised and heat is indirectly
applied to the optical film 1 or components thereof, for example, during formation of a thin film and
during curing of a resin composition, and a process in which the temperature of a 10 die/mold is raised
upon irradiation with an energy ray and heat is indirectly applied to the optical film. Further, the effect
resulting from restricting the numerical range of the gtorage modulus as described above is not limited
to the case using the particular type of resin and can be similarly 15 obtained wherzahermgplastic
resin, a thermosetting resin, and an energy-ray irradiation resin are used.  The storage modulus of
the first optical laygr 4 canbe,canfifgeds forexamplgas follows. When the gyrface of the first optical
layer 4 is exposed, the storage modulus of the 20 first optical layer 4 can be confirmed by measuring
the storage modulis af fhe<exposedisurfaceowith @ maicia-biardness tester..Algg, when the first base 4a,
etc. are formed on the surface of the first optical layer 4, the storage modulus of the first optical layer 4
can be confirmeden5 beeliagpoff tRadits basaltd, Bhe (6 hrike theStffadle it ¥3Ly the

formula (1) or (2), the first film thickness dl and the

5 second film thickness d2 are preferably substantially the
same. This is because improvement of transmission
performance and reflection performance can be expected on
such a condition. Herein, the expression "the film
thicknesseg are gubstantially the game" impliegs that a

10 proportion of the second film thickness d2 to the first film
thickness 41, i.e., ((dl1/d42) x 100) [%], is * 10% or less.

When the apex angle o and the slope angle B satisfy the

formula (3) or (4), the first film thickness dl and the
second film thickness d2 may differ from each other. 1In

15 such a case, if the wavelength selective reflecting layer 3
on one sloped surface is thin, it cannot reflect light and
transmits the light therethrough. Therefore, the thickness
of the wavelength selective reflecting layer 3 is preferably
set to be 7 nm or more. On the other hand, if the thickness

20 of the wavelength selective reflecting layer 3 exceeds 14 nm,
flooding of the reflected light occurs. Therefore, the
thickness of the wavelength selective reflecting layer 3 is
preferably set to be 14 nm or less. In other words, a ratio
between both the fiim thicknesses is preferably 200% or less.

25 The first optical layer 4 preferably contains, as a



SP300049 the first optical layer 4 exposed, and then measuring the storage modulus of the exposed
surface with a micro-hardness tester. A reduction in the modulus at high temperature can be 5
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, e.g., the number of cross-linking points
and the molecular structure of a cross-linking material when the thermosetting resin and 10 the
energy-ray irradiation resin are used. However, it is preferable that the characteristics demanded for
the resin material itself are not degraded with suchsa structural change. Depending on the type of the
cross-linking agent, for example, the modulus at about room temperature may be Epmneoeased to such
an extent that a film becomes brittle, or that the film is curved or curled due to large shrinkage. It is,

therefore, prefer a@iﬁn@o?f@ﬁ@[')/ select the ypewafdhe grassdinking:agernt depending on the demanded
characteristics. 20When the first optical layer 4 contains a crystalline high-polymeric material as a

main compos@nt tit. prefarabltecontainsage armndinlcompanent,od tesimaving the glaissitransition point
higher than a maximum temperature during a manufacturing process and exhibiting a small reduction

in 25 the storadeRiddutas at BirAaKRNAR EMpEFRURSIGUTRAAEUS 422 SrERID0AD TRaAdcturing

process. On the other hand, if aéeilgﬂavm thefq%s%trgn%tlon hgth in the ran efof th%ioom

temperatur]eoé)S or h]i'ghénﬁgefh TaAmum eempera ure ol%rli‘Ll(g:atl rﬁaa}ﬁ%zfaétuﬁn@e p{re(%:caéss%r lower

and exhibiting,alarge 5 resin having the storage modulus of 3 x 10° Pa or
less at 25°C and the storage modulus of 3 x 10’ Pa or more at
100°C. Note that the first optical layer 4 is preferably
made of one type of resin, but it may contain two or more
types of resins. Further, the first optical layer 4 may be
10 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 significant difference in storage modulus between 25°C and

15 100°C as described above, the first optical layer 4 can
substantially maintain the interface shape as per design
even when a process under application of heat or both of
heat and pressure is carried out after forming the concave-
convex surface (first surface} of the first optical layer 4.

20 On the other hand, if the first optical layer 4 contains, as
a main component, a resin of the type exhibiting a laxge
reduction in its storage modulus at 100°C and providing a
significant difference in storage modulus between 25°C and
100°C, the interface shape is deformed from the designed

25 shape to such a large extent that the optical film 1 may be



5 reduction in the storage modulus at the maximum temperature during the manufacturing process is
used, a difficulty occurs in holding the ideal interface shape as per design during the manufacturing
process. When the first optical layer 4 contains an amorphous 10 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 15 manufacturing process. On the other
hand, if a resin having the melting point in the rangg,of_the room temperature 25C or higher to the
maximum temperature during the manufacturing process or lower and exhibiting adgrgggegyction in
the storage modulus at the maximum temperature 20 during the manufacturing process is used, a
difficulty oggurs inymaintaining the ideal interface shape as per design during the manufacturing
process. Herein, the maximum temperature during the ~ manufacturing process implies a maximum

temperature at the=2% ¢coreaye-eanvuexssuitedefieghsuifaea):afthe firsiepticahc 46a&P300049 layer
4 during the manufacturing process. Preferably, the
not only a process of directly appiyving heat to the optical
film 1 or components thereof, such as annealing, but also a
5 ©process in which temperature at the surface of a formed film
is locally raised and heat is indirectly appiied to the
optical film 1 or components thereof, for example, during
formation of a thin film ard during curing of a resin
composition, and a process in which the temperature of a
10 die/mold is raised upon irradiation with an energy ray and
heat is indirectly applied to the optical film. Further,
the effect resulting from restricting the numerical range of
the storage modulus as described above is not limited to the
case using the particular type of resgin and can be similarly
15 obtained when a thermoplastic resin, a thermosetting resin,
and an energy-ray irradiation resin are used.

The storage modulus of the first optical layer 4 can be
confirmed, for example, as follows. When the surface of the
firet optical laver 4 is exposed, the storage modulus of the

20 first optical layer 4 can be confirmed by measuring the
storage modulus of the exposed surface with a micro-hardness
tester. Also, when the first base 4a, etc. are formed on
the surface of the first optical layer 4, the storage
modulus of the first optical layer 4 can be confirmed by

25 peeling off the first base 4a, etc. to make the surface of



second optical layer 5 also satisfies the above-mentioned numerical range of the storage modulus and
the above-mentioned temperature range of the glass transition point. 5Thus, at least one of the first
optical layer 4 and the second optical layer S preferably contains the resin having the storage modulus
of 3 x 109 Pa or less at 25C. The reason is that, on such a condition, flexibility can be given to the
optical film 1 at the room temperature 25C and 10 the optical film 1 can be manufactured with the
roll-to-roll process.  The first base 4a and the second base La have transparency in an exemplary
case. Each base is preferably in the form of a film frgm.the viewpoint of giving the 15 optical film 1 with
flexibility, but the form of the base is not particularly limited to the film. The first basg-4a @ngdhe
second base La can be each formed by using, e.g., known high-polymeric materials. Examples of the

known higbspalymetls maierils nclude fiapeiyaceliase LTACH 2 Paluesins (FREEL polyethylene

terephthalate (PET), polyim P1), pol A), aramid, polyethylene (PE), polyacrylate,
polyethersgifene qeolysidiongs pelyproRylened dingetid eellulase, polyi ehiofieenaggylic resin
(PMMA), polycarbonate (PC), epoxy resin, urea resin, 25 urethane resin, and melamine resin.
However, theshaterials - 46 - SP300049 of each base are not limited to the above-mentioned
particular examples. The thickness of each of the first base 4a and the second base 5a is preferably

38 to 100 pm frofn tFeHERPGHt dPprobEiciARA bafit 3¢ n SRt FIoRS S A DarficuI&range. The
L e SRS S e AT e ALy e g D
Sa and theywayelgngifsalectivieirgfleetintlayernd caRPaCHEBEn the thermoplastic

resin is used, and by a method of adjusting, e.g., the

number of cross-linking points and the molecular structure

of a cross-linking material when the thermosetting resin and

10 the energy-ray irradiation resin are 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 modulus at about room temperature may be

15 increased to such an extent that a film becomes brittle, or
that the film is curved or curled due to large shrinkage.

It is, therefore, preferable to properly select the type of
the cross-linking agent depending on the demanded
characteristics.

20 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

25 the storage modulus at the maximum temperature during the



10 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 layer 4 and the second optical
layer 5 have transparency in an exemplary case. The first optical 15 layer 4 and the second optical
layer 5 are each obtained, for example, by curing a resin composition. As the resin composition, an
energy-ray curable resin capable of being cured upon irradiation with light or an electron ray, or a
thermosetting resin capable of being cured upon application 20 of heat is preferably used from the
viewpoint of easiness in production. As the energyasray.curable resin, a photosensitive resin
composition capable of being cured upon irradiation with light is preferable, and an:ultrayipies curable
resin composition capable of being cured upon 25 irradiation with an ultraviolet ray is most preferable.

- 47 - SPAYQGMB Era e iepoILf Incisasi.adhsson feteen e frsi aprcaliayer o the

second optical layer 5 and wavelength selective re ecc’)%linng ayer 3, the resin composition preferably
further congaias gucarape@uachs CoONtNIpE PhOSpROKE ackHza geNMPPUAHLOAIRING succinic acid, and
a compound containing butyrolactone. The compound containing phosphoric acid may be, e.g.,
(meth)acrytateensdining pHosghoric atiehereferabija (mretidaony twrperEtorcligdmeiigaving
phosphoric acid in a functional group. 10 The compound containig%succinic acid may be, e.g.,

(meth)acrydt8 CBREHARGRICEIT REACHRTeAbly 2 fREtfHacy P Bt Y ofigd@EPRaving succinic
acid in a functignal.group,, Ths, compovnd copiaining bubyrolaglong. may . e (peiigarviate
containing %utyro actone,IiS preferably agfmet acry[smonomer or ofl{gomer hawﬁg ]E)utyrolactone Ina
functional greppndhendtrayalet surable RS cEPOSItIOR CEBEINS,a difficulty
occursg in holding the ideal interface shape as per design
during the manufacturing process.
When the first optical layer 4 contains an amorphous
10 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
15 manufacturing process. On the other hand, i1f a resin having
the melting point in the range of the room temperature 25°C
or higher to the maximum temperature during the
manufacturing process or lower and exhibiting a large
reduction in the storage meodulus at the maximum temperature
20 during the manufacturing process is used, a difficulty
occurs in maintaining the ideal interface shape as per
design during the manufacturing process.
Herein, the maximum temperature during the
manufacturing process implies a maximum temperature at the

25 concave-convex surface (first surface) of the first optical



e.g., (meth)acrylate and a photopolymerization initiator. Also, the ultraviolet curable resin composition
may further 20 contain, when necessary, a photo-stabilizer, a flame retardant, a leveling agent, an
anti-oxidant, etc. As the acrylate, a monomer and/or an oligomer having two or more
(meth)acryloyl groups is preferably used. Examples of such a monomer and/or oligomer include
urethane 25(meth)acrylate, epoxy (meth)acrylate, polyester - 48 - SP300049 (meth)acrylate, polyol
(meth)acrylate, polyether (meth)acrylate, and melamine (meth)acrylate. Herein, the (meth)acryloyl
group implies any one of an acryloyl group and a methacryloyl group. Herein, the oligomer implies a 5
molecule having molecular weight of 500 or more to 60000 or less. The photopolymgrzatiompinitiator
used here can be selected, as appropriate, from among known materials. As examples of the known

materials beggaphenane deshatiiesdQ assioshanane desbiaies, anbeagnane desiatves, et

can be used alone or In combination. An amount of the ‘photopolymerization initiator mixed is

preferably 8el9%6hy ass esmorapad E)% bydnass 9k less of the-salisbeantestk Hibaamount of the
photopolymerization initiator mixed is 15 less than 0.1% by mass, photo-curability is reduced to such a

level as beingraetisuitables foyéndustiidlepreductiopeiromadne practicdl poiat efodww- On the other hand,

if the amount of the photopolymerization initiator mixed exceeds 10% by mass, an odor tends to
remain in FESSEARA Wissiperature range of the glass transition point.

5 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 10° Pa or less at 25°C. The
reason is that, on such a condition, flexibility can be
given to the optical film 1 at the room temperature 25°C and

10 the optical film 1 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

15 optical £ilm 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., known
high-polymeric materials. Examples of the known high-
polymeric materials include triacetylcellulose (TAC),

20 polyester (TPEE), polyethylene terephthalate (PET},
polyimide (PI}, polyamide (PA), aramid, polyethylene (PE),
polyacrylate, polyethersulfone, polysulfone, polypropylene
(PP), diacetyl cellulose, polyvinyl chloride, acrylic resin
(PMMA) , polycarbonate (PC), epoxy resin, urea resin,

25 urethane resin, and melamine resin. However, the materials



20 an amount of light for the irradiation is insufficient. Herein, the solid content implies all components
constituting the hard coat layer 12 after being cured. In practice, for example, the acrylate, the
photopolymerization initiator, etc. are called the solid content. 25Preferably, the resin has such a
property that a - 49 - SP300049 structure can be transferred to the resin upon, e.g., irradiation with
the energy ray or application of heat. Any type of resin, such as a vinyl-based resin, an epoxy-based
resin, a thermoplastic resin, can be used insofar as the 5 resin satisfies the above-described
requirements for the refractive index. An oligomer may be added to the resin to reduce curing
shrinkage. The resin may contain, e.g., polyisocyanate as a curing agent. Further, grgongideration of
adhesion between 10 the first optical layer 4 or the second optical layer 5 and the adjacent layer, the

resin may Be nuxes with.one, eemose of Menomers having apudoxylgreypragarboxyl group and a
phosphoric group, polyols, coupling agents such as carboxylic acid, silane, aluminum and titanium,

various 15iehetatingiagenisipl es .Tharesiniconpesiwngrietesaily ddrtherecoftaing a cross-linking
agent. In particular, a cyclic cross-linking agent is preferably used as the cross-linking agent. The
reason is thas dy4 s theldrosSHARNG deRAE the rdésinpreferably 38 to 100 um

from the viewpoint of productivity, but it is not limited to
5 such a particular range. The first base 4a and the second
base 5a are preferably transmissive to an energy ray. The
reason is that, in such a case, an energy-ray curable resin
interposed between the first base 4a or the second base 5a
and the wavelength selective reflecting layer 3 can be cured,
10 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 layer 4 and the second optical layer
5 have transparency in an exemplary case. The first optical
15 layer 4 and the second optical layer 5 are each obtained,
for example, by curing a resin composition. As the resin
composition, an energy-ray curable resin capable of being
cured upon irradiation with light or an electron ray, or a
thermosetting resin capable of being cured upon appiication
20 of heat is preferably used from the viewpoint of easiness 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 composition capable of being cured upon

25 irradiation with an ultraviolet ray is most preferable.



20 can be made heat-resistant without greatly changing the storage modulus at the room temperature.
If the storage modulus at the room temperature is greatly changed, the optical film 1 becomes brittle
and a difficulty occurs in fabricating the optical film 1 with, e.g., the roll-to-roll 25 process. Examples of
the cyclic cross-linking agent include - 50 - 5P3 00049 dioxaneglycol diacrylate,
tricyclodecanedimethanol diacrylate, tricyclodecanedimethanol dimethacrylate, ethylene
oxide-modified isocyanurate diacrylate, ethylene oxide-modified isocyanurate triacrylate, and
caprolactone- 5 modified tris(acryloxyethyl) isocyagyrate.  Preferably, the first base 4a or the
second base 5a has water vapor permeability lower than that of the first optical layee4 g dhe second
optical layer 5, respectively. For example, when the first optical layer 4 is formed by 10 using the

energy-ray.Giableesip; &b Ytethane agylate Jdhedirsthase 4 isqueiaiably fauned byusing a

resin, e.g., polyethylene terephthalate (PET), which has water vapor permeability lower than that of the
first opticaldpyer-4 andaxhieh is ansinissivederiie epetgyaay1Agerls resuli, difesion of moisture
into the wavelength selective reflecting layer 3 from the incident surface 51 or the emergent surface 52
can be reduage haddidieisragen oya methl a1t icuntdinge ih the wheelsagthiselective reflecting layer
3 can be suppressed. Hence, durability of the ogtical 20 film 1 can be improved. Note that the water

vapor pern®&aBIRG bf PR RAGHGEARIcknEES b8 RifiTid-306tR 1 G384 E40C, 9094RH).
Prefe@“%%&l%%ﬁ%%? intHS%Ef*ﬁoqhﬁti&aé@i/ﬁﬁ 4£”90‘1l&a§c§888“%8ﬁﬂ%%‘&¥% S:Caipsa functional
group 25 having high p%l rity, and the content of such a functional

acid, and a compound containing butyrclactone. 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.

10 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,

15 preferably a {meth)acryl monomer or oligomer having
butyrolactone in a functional group.

The ultraviolet curable resin composition contains,
e.g., (meth)acrylate and a photcopolymerization initiator.
Also, the ultraviolet curable resin composition may further

20 contain, when necessary, a photo-stabilizer, a flame
retardant, a leveling agent, an anti-oxidant, etc.

As the acrylate, a monomer and/or an oligomer having
two or more (meth)acryloyl groups is preferably used.

Examples of such a monomer and/or oligomer include urethane

25 (meth)acrylate, epoxy (meth)acrylate, polyester



- 51 - 5P3 00049 group differs between the first optical layer 4 and the second optical layer 5.
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 5 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 10 more preferably ten or more times.  When at least one of
the first optical layer 4 and the second optical Ia'ye?% contains the phosphoric comgg%%, t
wavelength selective reflecting layer 3 preferably contains an oxide, a nitride, or an oxynlﬁldse in its
surface 15 adjoining with the first olgtical layer 4 or the second optical Iaéer 5 that contains the

phosphoric BSpoRRd Yit A FartBQVG réeihie AF4Mthe T ckhis SBREtive reflecting layer 3
includes a !%etrhﬁ/ggcgﬁcloangaeins d%r(]f %xi$g r@rljég) ok QB—E’jUﬂ; Qﬁif'g in itslglgrrfgg% adjgining with 20 the
o . : .

first optical layer 4 or tHe second optical Tayer 5 that contains thé phosphoric compound. Such a

feature is topjperepse aghssiondieiween@neifdhass optical kwyess and tha wayvelengtipselective
reflecting layer 3. Another reason is that an anticorrosion effect is increased when the 25 wavelength
selective reftectimgraydra®: contains gmetpl, - BBrein, the cligomer implies a
5 molecule having molecular weight of 500 or more tc 60000 ox
less.

The photopolymerization initiator used here can be
selected, as appropriate, from amcong known materials. As
examples of the known materials, benzophenone derivatives,

10 acetophenone derivatives, anthraquinone derivatives, etc.
can be used alone or in combination. An amount of the
photopolymerization initiator mixed is preferably 0.1% by
mass or more and 10% by mass or less of the scolid content.
If the amount of the photopolymerization initiator mixed is

15 less than 0.1% by mass, photo-curability is reduced to such
a level as being not suitable for industrial production from
the practical point of view. On the other hand, if the
amount of the photopolymerization initiator mixed exceeds
10% by mass, an odor tends to remain in a coated film when

20 an amount of light for the irradiaticon is insufficient.
Herein, the solid content implies all components
constituting the hard coat layexr 12 after being cured. In
practice, for example, the acrylate, the photopolymerization

initiator, etc. are called the solid content.

25 Preferably, the resin has such a property that a



SP300049 such as Ag. Additionally, the wavelength selective reflecting layer 3 may contain a dopant,
such as Al or Ga. This is because the dopant improves film quality and smoothness when a metal
oxide layer is formed by, e.g., 5 sputtering.  From the viewpoint of giving a visually attractive design
to the optical film 1, the window member 10, etc., at least one of the first optical layer 4 and the second
optical layer 5 preferably has a characteristic of absorbing 10 light in a particular wavelength band
within the visible range. A pigment dispersed in the resin may be either an organic pigment or an
inorganic pigment. In particular, an inorganic pig'méﬁt having high weatherbility in itself is preferable.
Practical examples of the inorganic pigment 15 include zircone gray (Co- and Ni-dgﬁé@ﬁﬁé’@)@,
praseodymium yellow (Pr-doped ZrSiO4), chrome-titania yellow (Cr- and Sbdoped TiO2 or Cr- and
W-doped T8y ehibife gheePBuehaassER2033 dpdatoek DI fEb ZHIOTAICH203);, Victoria green ((Al,

Cr)203), deep blue (Co0.AI203.Si02), vanadium-zirconium blue 20(V-doped ZrSiO4), chrome-tin pink
(Cr-doped 20 Sh ?ﬁ&zj’f%}ngta%%s%np?%lgyMﬁ-ad%p%ﬁ ﬂ?@;}%ﬁajs% 5] p%h‘?(a(‘f:é-d%ﬁgd ZrSiO4).

Examples e the yganicpigment inglude an azohasedpigment and a phihalgcyaning pigment.
(Wavelength Selective Reflecting Layer) 25For example, the wavelength selective reflecting layer - 53
- resin, a thermoplastic resin, can be used insofar asg the
5 resin satisfies the above-described requirements for the
refractive index.

An oligomer may be added to the resin to reduce curing
shrinkage. The resin may contain, e.g., polyisocyanate as a
curing agent. Further, in consideration of adhesion between

10 the first optical layer 4 or the second optical layer 5 and
the adjacent layer, the resin may be mixed with one or more
of monomers having a hydroxyl group, a carboxyl group and a
phosphoric group, polyolsg, coupling agents such as
carboxylic acid, silane, aluminum and titanium, wvarious

15 chelating agents, etc.

The resin composition preferabliy further contains a
cross-linking agent. In particular, a cyclic cross-linking
agent is preferably used as the cross-linking agent. The
reason is that, by using the cross-linking agent, the resin

20 can be made heat-resistant without greatly changing the
storage modulus at the room temperature. If the storage
mcodulus at the room temperature 1s greatly changed, the
optical fiim 1 becomes brittle and a difficulty occurs in
fabricating the optical film 1 with, e.g., the roll-to-roll

25 procesgsgs. Examples of the cyclic cross-linking agent include



SP300049 3 directionally reflects, of the light entering the incident surface at the incident angle (0, 4)),
the light in the particular wavelength band, while transmitting the light other than the particular
wavelength band therethrough. The 5 wavelength selective reflecting layer 3 is, for example, a
multilayer film, a transparent electroconductive layer, or a functional layer. Also, the wavelength
selective reflecting layer 3 may be a combination of two or more of a multilayer film, a transparent
electroconductive layer, and a 10 functional layer. A mean film thickness of the wavelength selective
reflecting layer 3 is preferably 20 pm, more preferatfly 5 pm or less, and even more preferably 1 pm or
less. If the mean film thickness of the wavelength selective reflecting layer 3 exceet35¥ B the
length of an 15 optical path in which the transmitted light is refracted is increased, and the
transmissidi image séndsotb diswrtiy appeardntecThbadfectingdayertdmnbd formed, for example, by
sputtering, vapor deposition, dip coating, or die coating. The multilaﬁer film, the transparent

electroconBtéie 26 i er LA He RATEERA T AR BR WelEREE BEIW-BIE by one. (Multilayer
il Iti imi - I i il I | Ki
Film) d ggﬁ%ﬁ@%& I'% alﬁmﬁg%glr%faéap Cs 8@%‘{@%3 ”&%&%ﬁgrl%‘c% E{Q@M gfagking a low

refractive in ayer 25 an efractive index layer, whic
oxide-modified isocyanurate triacrylate, and caprclactone-

5 modified tris{acrylioxyethyl) isocyanurate.

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 example, when the first optical layer 4 is formed by

10 using the energy-ray curable resin, e.g., urethane acrylate,
the first base 4a is preferably formed by using a resin,
e.g., polyethylene terephthalate (PET), which has water
vapor permeability lower than that of the first optical
layer 4 and which is transmissive to the energy ray. As a

15 result, diffusion of mecisture into the wavelength selective
reflecting layer 3 from the incident surface S1 or the
emergent surface 82 can be reduced and deterioration of a
metal, etc. contained in the wavelength selective reflecting
layer 3 can be suppressed. Hence, durability of the optical

20 film 1 can be improved. Note that the water vapor
permeability of PET having a thickness of 75 um is about 10
g/m*/day {40°C, 90%RH).

Preferably, at least one of the first optical layer 4
and the second optical layer 5 contains a functicnal group

25 having high polarity, and the content of such a functional



SP300049 refractive index from each other. As an alternative, the multilayer film is, for example, a
multilayer film formed by alternately stacking a metal layer having a high reflectance in the infrared
range, and a high refractive index layer 5 having a high refractive index in the visible range and
serving as an anti-reflection layer. An optical transparent layer or a transparent conductive layer can
be used as the high refractive index layer. The metal layer having a high reflectance in the 10 infrared
range contains, as a main component, e.g., Au, A%, Cu, Al, Ni, Cr, Ti, Pd, Co, Si, Ta, W, Mo or Ge
alone, or an alloy containing two or more selected¥fonT among those elements. Of those examples,
Ag-, Cu-, Al-, Si- or Ge-based materials are preferable in consideration of practicabfi§® 484&hen an
alloy is used as the material of the metal layer, the metal layer preferably contains, as a main
componengX&yp ACE LA, RSrWARD, AIRJELL AMEBE AgPHCLa YefP ol i aRgCHTe AgPdCa,
AgPdMg, AgPdFe, Ag, or SiB. Further, to retard corrasion of the metal layer, another material, such 20
as Ti or NE 55 phctefiby G8ded 3 fHe metaFiRGEETABAMICURY TIhER AgTis 1REd E thEHaterial of the

e e g A e e e ol WarEREn e o
anti-reflectiofayanhd hesopfical pteSsphB30004%ter), and the content of the
5 phosphoric compound differs between the first optical layer
4 and the second optical layer 5. The difference in the
content of the phogphoric compound between the first optical
layer 4 and the second optical layer 5 is preferably two oxr
more times, more preferably five or more times, and even
10 more preferably ten or more times.

When at least one of the first optical layer 4 and the
gecond optical layer 5 contains the phogphoric compound, the
wavelength selective reflecting layer 3 preferably contains
an oxide, a nitride, or an oxynitride in its surface

15 adjeining with the first optical laver 4 or the second
optical layer 5 that contains the phosphoric compound. It
is particularly preferablie that the wavelength selective
reflecting layer 3 includes a layer, which contains zinc
oxide {(Zn0) or niobium oxide, in its surface adjoining with

20 the first optical layer 4 or the second optical layer 5 that
contains the phosphoric compound. Such a feature is to
increase adhesion between one of those optical layers and
the wavelength selective reflecting layer 3. Another reason
ig that an anticorrosion effect is increased when the

25 wavelength selective reflecting layer 3 contains a metal,



transparent layer contains, as a main component, e.g., a high-dielectric material, such as niobium
oxide, tantalum oxide, or titanium oxide. The transparent conductive layer contains, as a main
component, e.g., ZnO-based oxide or 5 indium-doped tin oxide. Note that the ZnO-based oxide can
be, for example, at least one selected from a group including zinc oxide (Zn0), gallium (Ga)- and
aluminum (Al)- doped zinc oxide (GAZO), Al-doped zinc oxide (AZO), and gallium (Ga)-doped zinc
oxide (GZO) 10The refractive index of the high refractive index layer included in the multilayer film is
preferably in the range of 1.7 or more to 2.6 or les82lt fs more preferably 1.8 or more to 2.6 or less,
and even more preferably 1.9 or more to 2.6 or less. The reason is that, by settingthié {8 4ctive 15
index as mentioned above, anti-reflection can be realized in the visible light range with a film, which is
so thin as A Gauskdorackitdyl Hepoia the reflaetive irleang Measalarsiawavelength of 550 nm.
The high refractive index |ayer is a layer containing, as a main component, a metal oxide, 20 for

example. A§ hhexahifle bF YR metdiBkid e Mbtdl G9&& Biher T ZIAE oxide™E pidferably used in

some casel%f:[gmitgebvé%gﬂgigt (efhr(gl% ﬁﬁ{e%%srmgg Iagﬂrqn%&ygg: %qgjthe occurrence of

cracks. In particular, at least one selected from a group including niobium oxide 25(e.g., niobium
pentoxide)stjtiakie 9xidgHer. stantalum oR6aSRINRB4ipentexge): apd titaniym, oxide is
preferably used. The film thickness of the high refractive index layer is preferably 10 nm or more and
120 nin ordpss; earengreferably 10 nm or more and 100 nm or less, and even more preferably 10 nm
or 5 more and 80 nm or less. If the film thickness is less than 10 nm, the high refractive index layer is

more apt to refle&tHB VidiBie TtAtRSH e Bthe? hahbifdnefifipally attractive

degign to the optical film 1, the window member 10, etc., at
least one of the first optical layer 4 and the second
optical layer 5 preferably has a characteristic of absorbing

10 light in a particular wavelength band within the visible
range. A pigment dispersed in the resin may be either an
organic pigment or an inorganic pigment. In particular, an
inorganic pigment having high weatherbility in itself is
preferable. Practical examples of the inorganic pigment

15 include zircone gray {(Co- and Ni-doped ZrS8i0,), praseocdymium
vellow (Pr-doped ZrS$SiO,), chrome-titania yellow (Cr- and Sb-
doped Ti0O; or Cr- and W-doped TiO;), chrome green (such as
Cr;03), peacock blue ((CoZn)O{AlCr),0;), Victoria green ((Al,
Cr).;0:), deep blue (Co0-:Al;0;°81i0;), wvanadium-zirconium blue

20 (V-doped ZrSi0Q;), chrome-tin pink (Cr-doped CaO:Sn0,:Si0,),
manganese pink {(Mn-doped Al;0;), and salmon pink (Fe-doped
Zr8i0,;) . Examples of the organic pigment include an azo-
based pigment and a phthalocyanine pigment.

(Wavelength Selective Reflecting Layer)

25 For example, the wavelength selective reflecting layer



thickness exceeds 120, the high refractive index layer is more apt to reduce transmittance and to
cause cracking. 10The multilayer film is not limited to a thin film made of an inorganic material, and it
may be formed by stacking a thin film made of a high polymeric material, or a layer containing fine
particles, etc. dispersed in a high polymer. Further, a thin buffer layer made of, e.g., Ti and having a 15
thickness of several nanometers may be formed at the interface between the formed optical
transparent layer and another adjacent layer for the purpose of preventing oxidation degradation of a
metal in the underlying layer when the optical tran§parent layer is formed. Herein, the 20 buffer layer
implies a layer that is self-oxidized to suppress oxidation of e.g., a metal layer as apE#fE g layer
when an overlying layer is formed. (Transparent Electroconductive Layer) The transparent
electroconduétivesiayérinad 25 tradEparent elezfrocbadidtivetayertcontaiginghas frnmaitens7 -
SP300049 component, an electroconductive material having transparency in the visible range. The

transparent e RoRfuctte AYErEsEirR7Ed 8 nlm 8dmpbignttd it fBnsbsrent

decﬂocon%g%VE§H§g¥@k§%é éﬁﬁ@%oéggﬁén%ﬁ¥¥¥%é%ansmitting the light
other than the particular wavelength band therethrough. The
5 wavelength selective reflecting layer 3 is, for example, a
multilayer film, a transparent electroconductive layer, or a
functional layer. Also, the wavelength selective reflecting
layer 3 may be a combination of two or more of a multilayer
film, a transparent electroconductive layer, and a
16  functional layer. A mean film thickness of the wavelength
selective reflecting layer 3 is preferably 20 um, more
preferably 5 um or less, and even more preferably 1 um or
less. If the mean film thickness of the wavelength
selective reflecting layer 3 exceeds 20 pm, the length of an
15 optical path in which the transmitted light isg refracted is
increased, and the transmission image tends to distort in
appearance. The reflecting layer can be formed, for example,
by sputtering, vapor deposition, dip coating, or die coating.
The multilayer film, the transparent electroconductive
20 layer, and the functional layer will be described below one
by cone.
{(Multilayer Film)
The multilayer film is, for example, a multilayer film
formed by alternately stacking a low refractive index layer

25 and a high refractive index layer, which differ in



5 material containing carbon nano-tubes, indium-doped tin oxide, indium-doped zinc oxide, and
antimony-doped tin oxide. Alternatively, the transparent electroconductive layer may be formed as a
layer containing nano-particles of the above-mentioned materials, or nano-particles, nano-rods or
nano- 10 wires of an electroconductive material, e.g., a metal, which are dispersed in a resin at a high
density. (Functional Layer)  The functional layer contains, as a main component, a chromic material
of which reflection performance, for 15 example, is reversibly changed upon application of an external
stimulus. The chromic material is a material reversisly changing its structure upon application of an
external stimulus, such as heat, light, or intrusive molecules. Examples of the chrofi®é fritdifal usable
here 20 include a photochromic material, a thermochromic material, a gaschromic material, and an
electrochroraitraatetiad indkea photochesnlc matesial is asnateriallresersiily ehanging its structure
by the action of light. The photochromic material can reversibly change various physical 25 properties,

such as refigdthhée ¥Ad chiormupsn irfaliafoiruBe SPIVVO4T Wit Hghit £1g, ARTMALiGIEt ray. For

example, tralntsgg) narygial Os);(%:dae f%%h gsr;zréct):%llwgg’y'\eﬂg Oﬁé%nl%gl bazogigh reflectance

in the infrared range, and a high refractive index layer

5 having a high refractive index in the visible range and
serving as an anti-reflection layer. An optical transparent
layer or a transparent conductive layer can be used as the
high refractive index layer.

The metal layer having a high reflectance in the

10 infrared range contains, as a main component, e.g., Au, Ag,
Cu, Al, Ni, Cr, Ti, P4, Co, 8i, "a, W, Mo or (e alone, or an
alloy containing two or more selected from among those
elements. Of those examples, Ag-, Cu-, Al-, Si- or Ge-based
materials are preferable in consideration of practicability.

15 When an alloy is used as the material of the metal layer,
the metal layer preferably contains, as a main component,
e.g., AlCu, AlTi, AlCr, AlCo, AINdACu, AlMgSi, AgPACu, AgPdTi,
AgCuTi, AgPdCa, AgPdMg, AgPdFe, Ag, or SiB. Further, to
retard corrosion of the metal layer, another material, such

20 as Ti or Nd, is preferably added to the metal layer. 1In
particular, when Ag is used as the material of the metal
layer, it is preferable to add the above-mentioned material.

The optical transparent layer is an optical transparent

layer having a high refractive index in the vigible range

25 and serving as an anti-reflection layer. The optical



doped with Cr, Fe or Ni, can be used as the photochromic material. Further, wavelength selectivity can
be improved 5 by stacking a layer of the photochromic material and a layer having a different refractive
index from that of the former layer. The thermochromic material is a material reversibly changing
its structure by the action of heat. The 10 photochromic material can reversibly change various
physical properties, such as reflectance and color, upon application of heat. For example, V02 can be
used as the thermochromic material. Other elements, such as W, Mo and F, may also be added for the
purpose of controlling the transition 15 temperature and the transition curve. Further, a multilayer
structure may be formed by sandwiching a thin film containing, as a main componertthet4 >
thermochromic material, e.g., V02, between anti-reflection layers each containing, as a main
component, selnigbaekactivesipdex orateaane.g. 220 3i@2 onl Txndlteraatively .agphotanic lattice, such
as a cholesteric liquid crystal, can also be used as the thermochromic material. The cholesteric liquid
crystal can'sSefttRefiRAb ety ¥t aitaele itk offe sPaiihgto 2% HifintdrRyEAdidtance, and the

interlayer distance is_- 59.- SP300049 claangedf ep%nding3 on temgeratuga. Therefoie, the physical
. oXide, Oﬁ tltanllﬂa O)fl (= ﬁ rf’s_n. };I)are CO]I'l 'LlCBlVE a%?r
properties, Stch as reflectance and color, of the choléstericHiquid crystal can be réversibly changed

upon applicfionsqffieat o taiww%gadgo%é%ﬂ@pﬂen dand eanhe vwidenediay ysing several types
of cholesteric liquid crystal layers having different interlayer distances.

5 indium-doped tin oxide. ©Note that the ZnO-based oxide can
be, for example, at least one selected from a group
including zinc oxide (Zn0O), gallium (Ga)- and aluminum {Al})~-
doped zinc oxide (GAZO}, Al-doped zinc oxide (AZO), and
gallium {Ga)-doped zinc oxide (GZO} .

10 The refractive index of the high refractive index layer
included in the multilayer film is preferably in the range
of 1.7 or more to 2.6 or less. It is more preferably 1.8 or
more to 2.6 or less, and even more preferably 1.9 or more to
2.6 or less. The reascon is that, by setting the refractive

15 index as menticned above, anti-reflection can be realized in
the visible light range with a film, which is so thin as not
to caugse cracking. Herein, the refractive index is measured
at a wavelength of 550 nm. The high refractive index layer
is a layer containing, as a main component, a metal oxide,

20 for example. As an example of the metal oxide, the metal
oxide other than zinc oxide is preferably used in some cases
from the viewpoint of relaxing stresses in the layer and
suppressing the occurrence of cracks. In particular, at
least one selected from a group including niobium oxide

25 {e.g., niobium pentoxide), tantalum oxide (e.g., tantalum



The electrochromic material is a material capable of reversibly changing various physical
characteristics, such as reflectance and color, by the action of electricity. The 10 electrochromic
material can be provided, for example, as a material reversibly changing its structure upon application
of voltage. More specifically, a reflective light control material changing its reflection characteristic with
doping or undoping of a proton, for example, can be used as the 15 electrochromic material. The
reflective light control material is a material capable of selectively controlling its optical property to a
transparent state, a mirror state, and/or an interme8fate state therebetween upon application of an
external stimulus. Examples of the reflective light 20 control material usable here ifShsde 84 alloy
material containing, as a main component, a magnesium-nickel alloy material or a magnesium-titanium
alloy matensnd] @ad matediatsiinamiiictl nerdl=crystaterefdng bahkectiveteflective pbive are
enclosed in microcapsules. 25In practice, the functional layer can be constituted, - 60 - SP300049 for
example, by st&daS§ SorPthetd dniBpticafl By EE tNE abbAededeasd amﬂa?&e Bacatalyst layer

containing,_e.g., Pd, a thin buffer Jayer made of, E%? Al, an electrol e Ia made of, e.g., Ta205, an
n

ion storagellcéyer S%a(%ogle eaél 3 c%'ﬂta?rﬁ 3tbn‘§‘oé?1€d et é’nt eqe&%c ductive
layer. Alterpatively e fgpctignallayes can beronstiied,der e?ﬁ‘@@@r&% Blackingypndpe second

optical layer, the transparent electroconductive layer, the electrolyte layer, an electrochromic layer
made 40 ofyexg., ¥YB, snddhedtanspagent aléctragontiotve: layekrlassicha tesctunehsdhen a
voltage is applied between the transparent electroconductive layer and an opposed electrode, protons
contained ih&hameleciodytb igjerzaé gopedvatoisrdfitopet ¢fon thaalisy RPEr. ¥ a result, the

reflect the vigsible l1ight. On the other hand, if the film
thickness exceeds 120, the high refractive index layer is
more apt to reduce transmittance and to cause cracking.

10 The multilayer film is not limited to a thin film made
of an inorganic material, and it may be formed by stacking a
thin £ilm made of a high polymeric material, or a layer
containing fine particles, etc. dispersed in a high polymer.
Further, a thin buffer layer made of, e.g., Ti and having a

15 thickness of several nanometers may be formed at the
interface between the formed optical transparent layer and
another adjacent layer for the purpose of preventing
oxidation degradation of a metal in the underlying layer
when the optical transparent layer is formed. Herein, the

20 Dbuffer layer implies a layer that is self-oxidized to
suppress oxidation of e.g., a metal layer as an underlying
layer when an overlying layer is formed.

(Transparent Electroconductive Layer)
The transparent electroconductive layer is a

25 transparent electroconductive layer containing, as a main



15 transmittance of the alloy layer is changed. Also, in order to increase the wavelength selectivity, the
electrochromic material is desirably stacked with a high refractive index material, such as TiO2 or ITO.
Additionally, as another usable structure, the transparent electroconductive layer, 20 an optical
transparent layer including microcapsules dispersed therein, and a transparent electrode may be
stacked on the second optical layer. In that structure, when a voltage is applied between both the
transparent electrodes, a transmissive state can be obtained in which 25 needle crystals in the
microcapsules are uniformly oriented, - 61 - SP308049 and when the voltage is eliminated, the needle
crystals are oriented at random and a wavelength-selective reflective state can be ®Btifiédk JFunction
of Optical Film] 5Figs. 5A and SB are each a sectional view to explain one example of function of the
optical filmcAspitustrated enFigl BAL obihershintightentesing thiesoptical fitg 1t partgiarrearyinfrared
ray L1 is directionally reflected toward the sky in a substantially reversed relation to the 10 direction of
the incident Tight'vhétSaPdisibianigt L2 Pagsés airetgh ietostcar e T ORdrRér 88 illustrated in
Fig. 5B, th(—i-li ht enterin%, .
ayer contains, as a main component , £.9., a transparent
electroconductive material, such as tin oxide, zinc oxide, a
5 material containing carbon nanc-tubes, indium-doped tin
oxide, indium-doped zinc oxide, and antimony-doped tin oxide.
Alternatively, the transparent electroconductive layer may
be formed as a layer containing nano-particles of the above-
mentioned materials, or nanc-particles, nanc-rods or nanc-
10C wires of an electroconductive material, e.g., a metal, which
are dispersed in a resin at a high density.
(Functional Laver)
The functional layer contains, as a main component, a
chromic material of which reflection performance, for
15 example, is reversibly changed upon application of an
external stimulus. The chromic material is a material
reversiply changing its structure upon applilication of an
external stimulus, such as heat, light, or intrusive
molecules. Examples of the chromic material usable here
20 include a photochromic material, a thermochromic material, a
gaschromic material, and an electrochromic material.
The photochromic material is a material reversibly
changing its structure by the action of light. The

photochromic material can reversibly change various physical

25 properties, such as reflectance and color, upon irradiation



the optical film 1 and reflected by the reflecting layer surface of the wavelength selective reflecting
layer 3 is 15 separated into a component LA reflected toward the sky and a component LB not
reflected toward the sky at a proportion depending on the incident angle. Further, the component LB
not reflected toward the sky is totally reflected at the interface between the second optical layer 4 and
air and is 20 then finally reflected in a direction differing from the incident direction.  Fig. 6 illustrates
the relationship among a ridgeline 13 of the triangular pillar 4c, the incident light L, and the reflected
light L1. It is preferable that, of the light L 25 enteritng the incident surface 51 at an incident angle (0O, O,
- 62 - 5P3 00049 the optical film 1 selectively directionally reflects the light L1 in th&paeticiady
wavelength band in a direction (00, 4) (0 < 00 < 90) while transmitting the light L2 other than the
particular wavegiengintandetheretheoughl The b rteasonisthat, By satsfyingithe above relationship, the
optical film 1 can reflect the light in the particular wavelength band toward the sky. Note that O is an
angle formeg3yed péferitRtadr IPEIEE GithTespe@do THOmci#Eht sitifite 3anmdedncident light L
r&ed in thg{incide t surface Si}ét‘)% a linear line 12,

t

or the 10 reflected light LI, Also, O is an_angle for
which is or%noéjg%%a‘f’?ot ecrjfdge ife 3 dFthe tHEN Lﬁaiuﬁi £E anda &%585 Ol%%ﬁlting from
projecting the-ingident light,l- o the reflegtad lghty-1o-the incident sutface 21 fyihcta
5 by stacking a layer of the photochromic material and a layer
having a different refractive index from that of the former
layer.

The thermochromic material is a material reversibly
changing its structure by the action of heat. The

10 photochromic material can reversibly change wvarious physical
properties, such as reflectance and color, upon application
of heat. For example, VO, can be used as the thermochromic
material. Other elements, such as W, Mo and F, may also be
added for the purpose of contrclling the transition

15 temperature and the transition curve. Further, a multilayer
structure may be formed by sandwiching a thin film
containing, as a main compcnent, the thermochromic material,
e.q., VO;, between anti-reflection layers each containing,
as a main component, a high refractive index material, e.qg.,

20  Ti0, or ITO.

Alternatively, a photonic lattice, such as a
cholesteric liquid crystal, can also be used as the
thermochromic material. The cholesteric liguid crystal can
selectively reflect light of a wavelength corresponding to

25 an interlayer distance, and the interlayer distance is



15 an angle 0 rotated clockwise from the perpendicular line 11 as a reference is defined as "+0", and
an angle O rotated counterclockwise from the perpendicular line 11 is defined as "-0". An angle 4
rotated clockwise from the linear line 12 as a reference is defined as "+0", and an angle 0 rotated 20
counterclockwise from the linear line 12 is defined as [Entire Shape of Optical Film] Fig. 30 is a
perspective view illustrating one example of an entire shape of the optical film according to the first
embodiment. As illustrated in Fig. 30, the optical 25 film 1 preferably has a belt-like shape or a
rectangular - 63 - S23 00049 shape in its entirety.3®ith the optical film 1 having such a shape, the
optical film 1 can be easily fabricated with the roll-to-roll process. Further, by windidg #§® dpfical film 1
into the form of a roll, the optical film 1 can be more easily handled. In the following description, the
lengthwisedtireotied of#pendtical fibn ltkayeg shebelt-likelsbapé ordhe rectangtad sfadpe is called a
lengthwise direction DL, and the widthwise (transverse) direction thereof is called a widthwise direction
D. Also, thBeKgirciion of B4dy difie e b e asrR) ubdrpilie YeForrdd e first optical layer 4 is

called aridgelipe diretion DR The tiangulat pllars 4g ofe prefergbly formedin e, .,

application of heat. In this connection, a reflection band
5 can be widened by using several types of cholesteric liquid
crystal layers having different interlayer distances.

The electrochromic material is a material capable of
reversibly changing varicus physical characteristics, such
as reflectance and color, by the action of electricity. The

10 electrochromic material can be provided, for example, as a
material reversibly changing its structure upon application
of voltage. More specifically, a refiective light control
material changing itg reflection characteristic with doping
or undoping of a proton, for example, can be used as the

15 electrochromic material. The reflective light control
material is a material capable of selectively controlling
its optical property to a transparent state, a mirror state,
and/or an intermediate state therebetween upon application
of an external stimulus. Examples of the reflective light

20 control material usable here include an alloy material
containing, as a main component, a magnesium-nickel ailoy
material or a magnesium-titanium alloy material, WO0O;, and
materials in which needle crystals having selective
reflective power are enclosed in microcapsules.

25 In practice, the functional layer can be constituted,



first optical layer 4 such that the ridgeline 1, of each 15 triangular pillar 4c is parallel to the widthwise
direction Dw of the optical film 1. The ridgeline direction DR of the triangular pillar 4c and the
lengthwise direction DL of the optical film 1 are preferably in an orthogonal relation. On such a
condition, the reflection function of the optical 20 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 window member of the
building in such a relationship that the height direction of the building and the lengthwise direction DL
of the optical film 1 having the 25 belt-like shape ofthe-rectangular shape are substantially - 64 - 5P3
00049 parallel to each other. [Method of Affixing Optical Film] Figs. 31A and 31E a#&#lusfrafions to
explain one example of a method of affixing the optical film according 5 to the first embodiment of the
present inventioaxahe indawy neerabér by pravidedhin weenbkigbwistsifuciures rsucthas buildings,
generally has a rectangular shape having a vertical size larger than a horizontal size. Therefore, the
following d8B&HRivEAS FadReth EonrEttioR YR at 10a5@MPRE inl@HRE tROBpHSAIMNG 1 is affixed to

the window, membey 10 haying Sugh A.genejal ane. oo o o g, a1, an

electrolyte layer made of, e.g., Taz0:, an ion storage layer
5 made of, e.g., WO; containing protons, and the transparent
electroconductive layer. Alternatively, the functional
layer can be constituted, for example, by stacking, on the
second optical layer, the transparent electroconductive
layer, the electrolyte layer, an electrochromic layer made
10 of, e.g., WO, and the transparent electroconductive layer.
In such a structure, when a voltage is applied between the
transparent electroconductive layer and an opposed electrode,
protons contained in the electrolyte layer are doped into or
undoped from the alloy layer. As a result, the
15 transmittance of the alloy layer is changed. Also, in order
to increase the wavelength selectivity, the electrochromic
material is desirably stacked with a high refractive index
material, such as TiQO; or ITO. Additicnally, asg another
usable structure, the transparent electroconductive layer,
20 an optical transparent layer including microcapsules
dispersed therein, and a transparent electrode may be
stacked on the second optical layer. In that structure,
when a voltage 1is applied between both the transparent
electrodes, a transmissive state can be obtained in which

25 needle crystals in the microcapsules are uniformly oriented,



First, the belt-shaped optical film 1 is let out from a roll of the wound optical film (i.e., from the so-called
stock roll) 1 and is cut as appropriate corresponding to the 15 shape of the window 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. 31A, the rectangular optical film 1 has a pair of opposing long sides La and a pair
of opposing short sides Lb. The long sides La 20 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 DL éfithe rectangular optical film 1 is substantially
orthogonal to the ridgeline 25 direction DR of the triangular pillar 4c in the incidentS¥6® ¢ 6#3 00049
surface of the optical film 1. Next, one short side Lb of the cut optical film 1 is aligned with a short
side 10a pasitionéeat ahaippel eadeof ke eeciangidardindenemambel 4 Oc Next dhe reatangular 5
optical film 1 is gradually affixed to the window member 10 in a direction from the upper end toward
the lower edditperest fith, eegdeie amising |apaicd rneiposes Hntebervaent Thetotier short side Lb
of the optical film 1 is thereby aligned with a short side 10b positioned at the 10 other end of the
rectanguIaﬁmﬁ%rﬁﬁegﬁ.g\‘}@ﬁ%hen necessary, the surface of the optical film 1 affixed to the

window meﬂpgﬁrc{q &p@ésﬁﬂtffé ﬂa@aﬂqﬂto purge out bubbles trapped between the window
member 10 and the optical film 1. As a result, the rectangular optical film 1 is 15 affixed to the window

member 10 in sueh gsstatenthah thesmdgatinedireigtian £ ofi thesttiangwar plae4e inthe incident
surface of the optical film 1 is substantially parallel to the height direction DH of a building, e.g., a
high-rise baidgingxample of function of the optical film. As illustrated
in Fig. 5A, of the sunlight entering the optical film 1,
part of a near infrared ray L, is directionally reflected
toward the sky in a substantially reversed relation to the
10 direction of the incident light, whereas wvisible light L,
passes through the optical £ilm 1.

Further, as illustrated in Fig. 5B, the light entering
the optical film 1 and reflected by the reflecting laver
surface of the wavelength selective reflecting layer 3 is

15 separated into a component L, reflected toward the sky and a
component Ly not reflected toward the sky at a proportion
depending on the incident angle. Further, the component Ly
not reflected toward the sky is totally reflected at the
interface between the second optical layer 4 and air and is

20 then finally reflected in a direction differing from the
incident direction.

Fig. 6 illustrates the relationship among a ridgeline 1,
of the triangular pillar 4c, the incident light L, and the
reflected light 1;. It is preferable that, of the light L

25 entering the incident surface 81 at an incident angle (8, ¢),



20[Affixing Direction of Optical Film] Figs. 32A and 32B are illustrations to explain the difference in
reflection function of the optical film 1 depending on the affixing direction of the optical film. Fig. 32A
illustrates an example of a building 500 in 25 which the optical film 1 is affixed to the window member
10 - 66 - 5P3 00049 such that the ridgeline direction DR of the triangular pillar 4c in the incident
surface of the optical film 1 is substantially orthogonal to the height direction DH of the building. In
other words, Fig. 32A illustrates the case 5 where the optical film 1 is affixed to the window member 10
in accordance with the above-described method-ofaffixing the optical film. When the optical film 1 is
affixed to the window member 10 as described above, the reflection function of thes@pticat 4ikn 1 can
be effectively developed. 10 Accordingly, the light entering the window member 10 from the upward

can be reflepteddp @i larsgerraimeunt tadhe cipwvaed T hiis-4he: upwand keflestiar ot thesmiwdow member
10 can be increased. Fig. 323 illustrates an example of a building 600 in 15 which the optical film 1 is
affixed to the s¥iidéw rhaniblee 10ascchabdethewidgelina girbeciipmBRiof the diarrgitarpillai4e in the

incident surface of the (gjtical film 1 is obliquely oriented with respect to the height direction DH of the

building inst&hd P bein§orthSdbnial Hiekdfo. WRESB6 tivd BEt i 198 Gifike P I e window
e s esbe s e el oL R e e srechey
upwargl is reflgsted todhe glownwardds iNcEgasaty the above relationship, the
optical film 1 can reflect the light in the particular
wavelength band toward the sky. Note that 0 is an angle
formed by a perpendicular line 1, with respect to the
incident surface 81 and the incident light L or the
10 reflected light L;. Also, ¢ is an angle formed in the
incident surface S1 by a linear line 1;, which is orthogonal
to the ridgeline 1; of the triangular pillar 4c¢, and a
component resulting from projecting the incident light L or
the reflected light L, to the incident surface S1. Further,
15 an angle O rotated clockwise from the perpendicular line 1,
as a reference is defined as "+0", and an angle 8 rotated
counterclockwige from the perpendicular line 1; is defined
ags "-0". An angle ¢ rotated clockwise from the linear line
1, as a reference is defined as "+¢", and an anglie ¢ rotated
20 counterclockwise from the linear line 1, is defined as "-¢".
[Entire Shape of Optical Film]
Fig. 30 1is a perspective view 1llustrating one example
of an entire shape of the optical film according to the
first embodiment. As illustrated in Fig. 30, the optical

25 film 1 preferably has a belt-like shape or a rectangular



25 Thus, the upward reflection of the window member 10 is - 67 - SP300049 reduced. [Apparatus for
Manufacturing Optical Film]  Fig. 7 is a schematic view illustrating one example of construction of an
apparatus for manufacturing the optical 5 film according to the first embodiment. As illustrated in Fig.
7, the manufacturing apparatus includes laminating rolls 41 and 42, a guide roll 43, a coating device
45, and an irradiation device 46. The laminating rolls 41 and 42 are arranged to be able 10 to nip a
reflecting-layer affixed optical layer 9 and the second base 5a therebetween. Herein, the
reflecting-layer affixed optical layer 9 is a layer ebtamed by forming the wavelength selective reflecting
layer 3 on one principal surface of the first optical layer 4. Note that the 15 reflectirgplagepnaftiixed
optical layer 9 may further include the first base 4a disposed on the other principal surface of the first

optical layeyish g8 the oppasitsidede-the anecpringieal syfaea thereohon Wiishi the wavelength
selective reflecting layer 3 is formed. In the illustrated example, 20 the wavelength selective reflecting
layer 3 is fernsécpr thé baequincipal strface of therfirseoptical layef dbang #iefirsvbase 4a is formed
on the other principal surface of the first optical layer 4. The guide roll 43 is arranged in a conveying
path inside"h@ mardfatRirglapprattRIs be P8RRI caNef tRE bpEcatfim Pha%Ag a belt-like

shape. film 1 into the form of a roll, the optical film 1 can be

5 more easily handled. In the following description, the
lengthwise direction of the optical £ilm 1 having the belt-
like shape or the rectangular shape is called a lengthwise
direction D, and the widthwise {transverse) direction
thereof ig called a widthwise direction Dy. Also, the

10 direction of a ridgeline 1, of the triangular pillar 4c
formed in the first optical layer 4 is called a ridgeline
direction Dg.

The triangular pillars 4c¢ are preferably formed in the
first optical layer 4 such that the ridgeline 1, of each

15 triangular pillar 4c is parallel to the widthwise direction
Dy of the optical f£film 1. The ridgeline direction Dy of the
triangular pillar 4c and the lengthwise direction Dy of the
optical film 1 are preferably in an orthogonal relation. On
such a condition, the reflection function of the optical

20 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 window member of the building in such a
relationship that the height direction of the building and
the lengthwise direction D; of the optical film 1 having the

25 belt-like shape or the rectangular shape are substantially



- 68 - SP300049 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 roll 5 characteristics. The coating device 45 can be prepared as
a device including a coating means, e.g., a coater. As the coater, ordinary coaters including a gravure
coater, a wire bar, and a die can be optionally used, as appropriate, in 10 consideration of physical
properties of the resin composition to be coated, etc. The irradiation device 46 is an irradiation device
for emitting an ionizing ray, e.g., an electron ray, ag4iltraviolet ray, a visible ray, or a gamma ray. In the
illustrated example, a UV lamp emitting an 15 ultraviolet ray is used as the irradiatiop Heycesd6.
[Method of Manufacturing Optical Film]  One example of a method of manufacturing the optical film
according fosthe:firsherngodiment ywill be described below with reference to Figs. 7 to 10. Note that, in
20 consideration of productivity, part or the whole of a manufacturing process described below is

preferably pgeformdd atthrefroll:toxroll Opeminsy exEeptfor a step of fabricating a die/mold. First,
as illustrated in Fig. 8A, a die/mold having the 25 same concave-convex shape as that of the triangular
pillars Figs. 31A and 31B are i1llustrations to explain one

example of a method of affixing the optical film according
5 to the first embodiment of the present invention. The

window member 10 provided in recent high-rise structures,
guch as buildings, generally has a rectangular shape having
a vertical size larger than a horizontal size. Therefore,
the following description is made in connection with an

10 example in which the optical fiilm 1 is affixed to the window
member 10 having such a general shape.

Firgt, the belt-shaped optical film 1 is let out from a
roll ¢f the wound optical film (i.e., from the so-called
stock roll) 1 and is cut as appropriate corresponding to the

15 shape of the window member 10 to which the optical £ilm 1 is
to be affixed, thereby cobtaining the optical £ilm 1 having a
rectangular shape. As illustrated in Fig. 31A, the
rectangular optical f£ilm 1 has a pair of opposing long sides
L. and a pair of opposing short sides Ly. The long sides L,

20 of the rectangular optical film 1 are substantially
orthogonal to the ridgeline direction Dy of the triangular
pillar 4c in the incident surface of the optical fiim 1. In
other words, the lengthwise direction D; of the rectangular
optical £ilm 1 is substantially orthogonal to the ridgeline

25 direction Dy of the triangular pillar 4c¢ in the incident



- 69 - SP300049 4c, or a die/mold (replica) having a shape reversed to the concave-convex shape of
the former die/mold is formed by, e.g., bite machining or laser machining. Next, as illustrated in Fig.
8B, the concave-convex shape of the 5 die/mold is transferred to a resin material in the form of 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 into the mold and
irradiating the poured resin with an 10 energy ray to cure the resin, a method of applying heat and
pressure to a resin, thereby transferring the shapeds the resin, or a method (laminating transfer
process) of supplying a resin film from a roll and transferring the shape of the die tegb® oasin film
under application of heat. 15 Through the above-described steps, as illustrated in Fig. 8C, the first

optical layey 4 baviagdle @}i@wgggﬁri@'gqrsﬂqqn 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. That case can 20 be

practiced, for exafeple, bpagretessofssuizplyingdhe finst base 4apinihe Yorfi bifilm fram a roll,
coating an energy-ray curable resin on the first base, pressing the resin against the die to transfer the

shape of tifel 4R8I e 1&din 2arfd Rddi &P thedR sRARitl ARRRRrGf radftowpper end of

the rectangular window member 10. Next, the rectangular
5 optical film 1 is gradually affixed tc the window member 10

in a direction from the upper end toward the lower end
thereof with, e.g., the affixing layer & interposed
therebetween. The other short side Ly of the optical film 1
is thereby aligned with a short side 10b positioned at the

10 other end of the rectangular window member 10. Next, when
necessary, the surface of the optical film 1 affixed to the
window member 10 is pressed, for example, tc purge out
bubbles trapped between the window member 10 and the optical
film 1. Ag a result, the rectangular optical film 1 is

15 affixed to the window member 10 in such a state that the
ridgeline direction Dy of the triangular pillar 4c in the
incident surface of the optical film 1 is substantiaily
parallel to the height direction Dy of a building, e.g., a
high-rise building.

20 [Affixing Direction of Optical Film]

Figs. 32A and 32B are illustrations to explain the
difference in reflection function of the optical fiim 1
depending on the affixing direction of the coptical film.

Fig. 32A illustrates an example of a building 500¢ in

25 which the optical film 1 is affixed to the window member 10



25 cure it. Preferably, the resin further contains a cross- - 70 - SP300049 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 wavelength 5 selective
reflecting layer 3 is formed on the one principal surface of the first optical layer 4. The wavelength
selective reflecting layer 3 can be formed, for example, by sputtering, evaporation, CVD (Chemical
Vapor Deposition), dip coating, die coating, wet coating, or spray coating. 10 Preferably, a practical
method is optionally selected from those film formiag methods depending on the shape of the
triangular pillar 4c, etc. Next, as illustrated in Fig. 9B, the wavelength selective reflegteuplayer 3 is
subjected to annealing as indicated by 31, when necessary. The 15 temperature of the annealing is in

the range @fy 810+ LARC ordighride 2oRE of:lower iNextpasdiustiated: iRikigg8Ta @ resin 22 in a not-
yet-cured state is coated over the wavelength selective reflecting layer 3. For example, an energy-ray
curable 20pesinear a thefmosk#ingrresiiemay denfsetkasthetriesina2. iidwelerdearyy-ray carable resin

used here is preferably an ultraviolet-ray curable resin. Next, as illustrated in Fig. 10A, a laminate is
formed by %&ﬁ@ﬂ@@é’&o‘ﬁd%ﬁ‘s%%ﬁ@éf the rebm 2= NEE, siGstFaten iRFigf168%he resin

building. 1In other words, Fig. 32A illustrates the case

5 where the optical film 1 is affixed to the window member 10
in accordance with the above-described method of affixing
the optical film. When the optical film 1 is affixed to the
window member 10 as described above, the reflection function
of the optical film 1 can be effectively developed.

10 Accordingly, the light entering the window member 10 from
the upward can be reflected in a larger amount to the upward.
Thus, the upward reflection of the window member 10 can be
increased.

Fig. 32B illustrates an example of a building 600 in

15 which the optical film 1 is affixed to the window member 10
such that the ridgeline direction Dy of the triangular
pillar 4c in the incident surface of the optical film 1 is
obliquely oriented with respect to the height direction Dy
of the building instead of being orthogonal thereto. When

20 the optical film 1 is affixed to the window member 10 as
described above, the reflection function of the optical f£ilm
1 cannot be effectively developed. Accordingly, a
proportion at which the light entering the window member 10
from the upward is reflected to the downward is increased.

25 Thug, the upward reflection of the window member 10 is



25 22 is cured by applying, e.g., an energy ray 32 or heat 32, - 71 - SP300049 while pressure 33 is
applied to the laminate. Examples of the energy ray 32 usable here include an electron ray, an
ultraviolet ray, a visible ray, a gamma ray, and an electron ray. The ultraviolet ray is preferable from
the viewpoint 5 of production equipment. Preferably, an integrated irradiation amount is selected, as
appropriate, in consideration of the curing characteristic of the resin, suppression of yellowing of the
resin and base, etc. The pressure applied to the laminate is preferably in the range 10 of 0.01 MPa or
higher to 1 MPa or lower. If the applied pressure istower than 0.01 MPa, a problem may occur in
traveling of the film. On the other hand, if the applied pressure exceeds 1 MPa, a raetab ¢alkis to be
used as the nip roll, and the applied pressure is more apt to fluctuate, 15 thus leading to an
unsatisfactaryfesidt. Through the above-described steps, as illustrated in Fig. 10C, the second optical
layer 5 is formed on the wavelength selective reflecting layer 3 and the optical film 1 is obtained. A
method of femmagdhespticat fikariulfy usngithg 200manafacttiby lapparatus, illustrated in Fig. 7, is
now described in more detail. First, the second base 5a is let out from a base supply roll (not shown),
and the let-out séCefd Has@S@pﬁé—‘éé%ﬁ?ﬁdé‘r tHé ¥Bafing Betite UEr N eRPartBbARgEr8/curable resin

44 is coated by %hfu% atin ing 2 25 dg\ﬂc% ggaqfngg tge gg%orgﬁ% ?1% 29 % Eg%gg U}Qder tq:e cozitlng

5 film according to the first embodiment. As illustrated in
Fig. 7, the manufacturing apparatus includes laminating
rolls 41 and 42, a guide roll 43, a coating device 45, and
an irradiation device 46.

The laminating roils 41 and 42 are arranged to be able

10 to nip a reflecting-layer affixed optical layer 9 and the
second base 5a therebetween. Herein, the reflecting-layer
affixed optical layer ¢ is a layer obtained by forming the
wavelength selective reflecting layer 3 on one principal
surface of the first optical layer 4. Note that the

15 reflecting-layer affixed optical layer 9 may further include
the first base 4a disposed on the other principal surface of
the first optical layer 4 on the opposite side to the one
principal surface thereof on which the wavelength selective
reflecting layer 3 is formed. In the illustrated example,

20 the wavelength selective reflecting layer 3 is formed on the
one principal surface of the first optical layer 4, and the
first base 4a is formed 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

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



- 72 - 5P3 00049 device 45. Next, the second base 5a coated with the ionizing-ray curable resin 44 is
conveyed toward the laminating rolls. On the other hand, the reflecting-layer affixed optical layer 9 is
let out from an optical layer 5 supply roll (not shown) and is conveyed toward the laminating rolls 41
and 42.  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 10 41 and 42 while
avoiding bubbles from being trapped between the second base 5a and the reflecting-layer affixed
optical layer 9, whereby the reflecting-layer affixedgptical layer 9 is laminated on the second base 5a.
Next, the second base 5a including the laminated reflecting-layer affixed optical 15dayen® isconveyed
along an outer circumferential surface of the laminating roll 41 while the irradiation device 46 irradiates

the ionizingrsayeyrable rsinAd Withihgdeniging ey from the sige dnclydingdhe sgaqpd base Sa,
thereby curing the ionizing-ray curable resin 44. As a 20 result, the second base 5a and the
reflecting-laydrlaffigechoptical tayei wiaredaffixep tredchu dther withshe ianzigarayscurablesesin 44
interposed therebetween, and the objective optical film 1 having a long size is fabricated. Next, the
fabricated BERLRABEF ophiSfilmTRREKen S 25618 tald-tp réfihdtaherh}.a=dentifally, a stock
rollin _73d§%%ﬁ028§9appropriate, depending on the desired roll
5 characteristics.
The coating device 45 can be prepared as a device
including a coating means, e.g., a coater. As the coater,
ordinary cecaters including a gravure coater, a wire bar, and
a die can be optionally used, as appropriate, in
10 consideration of physical properties of the resin
composition to be coated, etc. The irradiation device 46 ig
an irradiation device for emitting 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
15 ultravicolet 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 will be described
below with reference to Figs. 7 to 10. Note that, in
20 consideration of preductivity, 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 die/mold.

First, as illustrated in Fig. B8A, a die/mold having the

25 same concave-convex shape as that of the triangular pillars



the rolled 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 is tC, 5 the cured first optical layer 4
preferably has the storage modulus of 3 x 107 Pa or more at (t - 20)C. Herein, the process
temperature t is, for example, the heating temperature of the laminating roll 41. The first optical layer 4
is conveyed, for example, in such a state that the 10 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 s,
therefore, empirically confirmed that the actual temgzerature of the first optical layer 4 is about (t - 20)C.
Accordingly, by setting the 15 storage modulus of the first optical layer 4 to be 3 x $8% ¢eoaromore at (t
- 20)C, the concave-convex shape of the interface inside the optical layer can be prevented from

deforming glge tg applicationefilkeatashotiaf heatandpresswe. 0FuRe: e fitst pptical 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 givenasitte flexibilitxatihereomiteniperdtureckente: e dgtidat fifinimesh be fabricated, for
example, by using the roll-to-roll 25 manufacturing process. - 74 - SP300049 Moreover, in
considerat®nof theHeat FEGStAReE B e re3fPusERas e aticali&yer ordfie base, the process

temperatureltttlsg{%fg a%[y 490 or |0\§/§r H%V(\a/e\é%rhc\évey\%] aconvex shape of the

5 die/meold is transferred toc a resin material in the form of 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 into the mold and irradiating the poured resin with an

10 energy ray to cure the resin, a method of applying heat and
pressure to a resin, thereby transferring the shape to the
resin, or a method {laminating transfer process) of
supplying a resin film from a roll and transferring the
shape of the die to the resin film under application of heat.

15 Through the above-desgcribed steps, as illustrated in Fig. 8C,
the first optical layer 4 having the triangulaxr 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. That case can

20 Dbe practiced, for example, by a process of supplying the
first base 4a in the form of film from a roll, ccating an
energy-ray curable resin on the first base, pressing the
resin against the die to transfer the shape of the die to
the resin, and irradiating the resin with an energy ray to

25 cure it. Preferably, the resin further contains a cross-



resin having higher heat resistance is used, the process 5 temperature t can be set to 200C or higher.
According to the first embodiment, in the optical film 1 capable of reflecting the light in the particular
wavelength band while transmitting the light other than the particular wavelength band therethrough,
the number of times 10 of reflections by the wavelength selective reflecting layer 3 can be reduced to
one or two. As a result, heat generation due to absorption of light by the wavelength selective
reflecting layer 3 can be reduced, and an improvement in safety and energy-saving (e.g., reduction in
15 the amount of CO2 emission) can be realized. Fyrther, since the plural asymmetrical triangular
pillars 4c are arrayed in the one-dimensional pattern and the apex angle a and thessigpaaagle p of the
triangular pillars 4c are set to satisfy any one of the above-mentioned 20 formula (1) to (4), a high

upward reflegianga,caybaobtained. iaddition dherfilm thisknessean he sedusedg&emparison with

the case where corner cubes are used instead of the triangular pillars 4c. As a result, the optical film 1

can be fabmeated atleslowes tosh25Giversbeloanarewexaneples ohtemyiergtureo®nshedadeor - 75 -

SP300049 side of glass when the following glasses are actually fitted to a window; (1) a bare glass

(i.e., a glafA B state withBEt HWPMnT SHREH HieYefo)C2)3 Jlass habig e ieat-ray reflective flat plate

structure, (3) a glgss having § 3 coIRer-gube refrofefiection StUEIre (eI en

5 selective reflecting layer 3 is formed on the one principal

surface of the first optical layer 4. The wavelength
selective reflecting layer 3 can be formed, for example, by
sputtering, evaporation, CVD (Chemical Vapor Deposition),
dip coating, die coating, wet coating, or spray coating.

10 Preferably, a practical method is optionally selected from
those film forming methods depending on the shape of the
triangular pillar 4c, etc. Next, as illustrated in Fig. 9B,
the wavelength selective reflecting layer 3 is subjected to
annealing as indicated by 31, when necessary. The

15 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 resgin 22 in a not-
yvet-cured state is coated over the wavelength selective
reflecting layer 3. For example, an enexgy-ray curable

20 resin or a thermosetting resin may be used as the resin 22.
The energy-ray curable resin used here is preferably an
ultraviclet~ray curable resin. Next, as 1llustrated in Fig.
10A, a laminate is formed by placing the second base 5a over

the resin 22. Next, as illustrated in Fig. 10B, the resin

25 22 is cured by applying, e.g., an energy ray 32 or heat 32,



retroreflective structure), and (4) a glass to which the optical film according to the first embodiment is
affixed. Bare glass: 32C Glass of heat-ray reflective flat plate structure: 34C 10Glass of heat-ray
retroreflective structure: 35C Glass to which the optical film according to the first embodiment is
affixed: 34.5C (Note that the temperature is a mean temperature after reaching thermal equilibrium.)
15As seen from the above examples, the glass having the corner-cube retroreflection structure tends
to have temperature higher than that of the bare glass and the glass having the heat-ray reflective flat
plate structure. In contrast, the glass to which the ogptical film according to 20 the first embodiment is
affixed tends to have temperature lower than that of the glass having the corner-cubesretroseflection
structure. <Modifications> Modifications of the above-described embodiment will be 25

described ReloYe i@ ssure 33 is applied to the laminate. Examples of
the energy ray 32 usable here include an electron ray, an
ultraviolet ray, a visible ray, a gamma ray, and an electron
ray. The ultraviolet ray is preferable from the viewpoint
5 of production equipment. Preferably, an integrated
irradiation amount is selected, as appropriate, in
consideration of the curing characteristic of the resin,
suppression of yellowing of the resin and base, etc. The
pressure applied to the laminate is preferably in the range
10 of 0.01 MPa or higher to 1 MPa or lower. If the applied
pressure is lower than 0.01 MPa, a problem may occur in
traveling of the film. On the other hand, if the applied
pressure exceeds 1 MPa, a metal roll is to be used as the
nip roll, and the applied pressure is more apt to fluctuate,
15 thus leading tc an unsatisfactory result. Through the
above-described steps, as illustrated in Fig. 10C, the
gsecond optical laver 5 is formed on the wavelength selective
reflecting layer 3 and the optical film 1 is obtained.
A method of forming the optical film 1 by using the
20 manufacturing apparatus, illustrated in Fig. 7, is now
described in more detail. First, the second base 5a is let
out from a base supply roll (not shown), and the let-out
second base 5a passes under the coating device 45. Next, an
ionizing-ray curable resin 44 is coated by the coating

25 device 45 onto the second base 5a passing under the coating



SP300049 [First Modification]  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 5 has an
incident surface Si in a concave-convex shape. The concave-convex shape of the incident surface 51
is formed to follow the concave-convex shape of the first optical layer 4, for example, such that
positions of top portions of convexes and positions of bottom portions of concaves are aligned 10
between both the concave-convex shapes. The concave-convex shape of the incident surface Si is
preferably gentler than that of the first optical layer+: [Second Modification] Fig. 11B is a sectional
view illustrating a second 15 modification of the first embodiment. As illustrated in kigz clild, &an optical
film 1 according to the second modification is formed such that top portions of convexes in the

concave-cgayexsuriace ofthe first gptical layes 4, gnavhich the.wayelgngih sglective reflecting layer 3

is formed, are 20 substantially flush with the incident surface Si of the first optical layer 4. <2. Second
Embodimentn 1 z Ahsecand embabineent«liffers4mm the-tinstepbodibeatda thaithe former

directionally reflects light in a 25 particular wavelength band while scattering light other than
laminating rolls. On the other hand, the reflecting-layer
affixed optical layer 9 is let out from an optical layer
5 supply roll (not shown) and is conveyed toward the
laminating rolls 41 and 42.

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

10 41 and 42 while avoiding bubbles from being trapped 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

15 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

20 xresult, the second base 5a and the reflecting-layer affixed
optical layer 9 are affixed to each other with the ionizing-
ray curable resin 44 interposed therebetween, and the
objective optical film 1 having a long size is fabricated.
Next, the fabricated belt-ghaped optical film 1 is taken up

25 by a take-up roll (not shown). Eventually, a stock roll in



- 77 - SP300049 the particular wavelength band. An optical film 1 includes a light scatterer for
scattering the incident light. The light scatterer is disposed, for example, in at least one of positions on
the surface of the optical layer 2, inside the 5 optical layer 2, and between the wavelength selective
reflecting layer 3 and the optical layer 2. Preferably, the light scatterer is disposed in at least one of
positions between the wavelength selective reflecting layer 3 and the first optical layer 4, inside the
first optical layer 4, and 10 on the surface of the first optical layer 4. When the optical film 1 is affixed to
a support such as a window member, it can be affixgd to either the indoor side or the outdoor side of
the support. When the optical film 1 is affixed to the outdoor side, the light scattereg fayrkiy, gcattering
the light other than the particular wavelength band is preferably disposed only between the wavelength

selective reflectinglayer 3and the-suppor; h as the window: m r. The rgason is that if the light
scatterer i§ %rees]é%% %étc\gvgfe%rt eo\;ega\tlégfeené[ Es%le%:%%g?g‘l&ﬁtnéﬁgye&gl %5[ a?rleq:t e incident surface,
the directionsy safiection characteristic is lost. Also, when the optical film 1 is affixed to the indoor side,
the light scatterer is preferably disposed between the emergent surface of the optical film 1 on the side
opposite to the affixedrsutfageé the process temperature in the above-

described process of forming the second optical layer is t°C,
5 the cured first optical layer 4 preferably has the storage
modulus of 2 x 10’ Pa or more at (t - 20)°C. Herein, the
process temperature t is, for example, the heating
temperature of the laminating roll 41. The first optical
layer 4 is conveyed, for example, in such a state that the

10 first optical layer 4 is formed on the first base 4a and is
conveyed along the laminating roll 41 with the firgt base 4a
interposed therebetween. It is, therefore, empirically
confirmed that the actual temperature of the first optical
layer 4 is about (t - 20)°C. Accordingly, by setting the

15 storage modulus of the first optical layer 4 to be 3 x 10’ 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 oxr both ¢f heat and
pressure.

20 Further, the first optical layer 4 preferably has the
storage modulus of 2 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-roll

25 manufacturing process.



25 thereof and the wavelength selective reflecting layer 3. - 78 - SP300049  Fig. 12A is a sectional
view illustrating a first example of construction of the optical film 1 according to the second
embodiment. As illustrated in Fig. 12A, the first optical layer 4 includes a resin and fine particles 11. 5
The fine particles 11 have a refractive index differing from that of the resin, which is a main component
material of the first optical layer 4. For example, at least one kind of organic fine particles and
inorganic fine particles can be used as the fine particles 11. Also, hollow fine particles 10 may be used
as the fine particles 11. Examples of the fine particlgs 11 include inorganic fine particles made of, e.g.,
silica or alumina, and organic fine particles made of, e.g., styrene, acryl, or a copolypgy & the formers.
Among those examples, silica fine particles are particularly preferable. 15Fig. 123 is a sectional view
illustrating a sec éireexa%fm%e of constrgct&onrogggnopéi a;:fﬂm ]ﬂtac orrdien%%)ttge secg d embodiment.
As illustrated in Fig. 1?8? € opﬁcaﬁ?ﬁhﬁ flirther meljdes a |°Tgh difusion ayerlﬁ on the surface of

the first optigal layerid, Theslighi 0diffusign daver 12ipelides, fonexample, adgsinand-fine particles.
The fine particles can be ones similar to those used in the above-described first example. Fig.
12C is a sectiopat-aiewrifustratingea giedrekdmpleadf Gonstrudtiomneaf thetiopticat film dlaecording to 25
the second embodiment. As illustrated in Fig. 12C, the - 79 -
resin having higher heat resistance is used, the process
5 temperature t can be set to 200°C or higher.
According to the first embodiment, in the optical £ilm
1 capable of reflecting the light in the particular
wavelength band while transmitting the light other than the
particular wavelength band therethrough, the number of times
10 of reflections by the wavelength selective reflecting layer
3 can be reduced to one or two. As a result, heat
generation due to absorption of light by the wavelength
selective reflecting layer 3 can be reduced, and an
improvement in safety and energy-saving (e.g., reduction in
15 the amount of CO; emission) can be realized.
Further, since the plural asymmetrical triangular
pillars 4c are arrayed in the one-dimensional pattern and
the apex angle o and the slope angle P of the triangular
rillars 4c are set to satisfy any one of the above-mentioned
20 formula (1) to (4), a high upward reflectance can be
obtained. In addition, the film thickness can be reduced in
comparison with the case where corner cubes are used instead
of the triangular pillars 4c. As a result, the optical film

1 can be fabricated at a lower cost.

25 Given below are examples of temperature on the indoor



SP300049 optical film 1 further includes a light diffusion layer 12 between the wavelength selective
reflecting layer 3 and the first optical layer 4. The light diffusion layer 12 includes, for example, a resin
and fine particles. The fine 5 particles can be ones similar to those used in the above-described first
example. According to the second embodiment, it is possible to directionally reflect the light in the
particular wavelength band, e.g., an infrared ray, and to scatter the light other 10 than the specific
wavelength band, e.g., visible light. Hence, a visually attractive design can be given to the optical film
1 by making the optical film 1 clouded. <3. Third Embodiment> Fig. 13 is a sectional view illustrating
one example of 15 construction of an optical film according to a third embodiment.q j
embodiment differs from the first embodiment in that the former further includes a self-cleaning effect

layer 51, v_vh{%p de\éeloesé a cl%%{lérﬁg g fgcténﬂ?elfi%n anleégg%%d gl%gac% gf tg‘plo tiﬂﬁt@@&l on 20
the opposfe Side 0 one ot thé incident surface S and the emergent surface 32 of the optical film 1,

which one is,affixgdtadae adherendsIhe ssif:cleaning effectlayarakinghidess eg:ca photocatalyst.
For example, TiO2 can be used as the photocatalyst. 25As described above, the optical film 1 is
featured inwi 8o BP 300049: heing SEmnkdrhnsheissive 10 theZincidlept bghd. Wheirthezoptical film 1 is
used outdoors or in a dirty room, for example, light is scattered due to dirt and dust adhering to
heat-ray reflective flat plate structure, (3) a glass having
5 a corner-cube retroreflection structure (heat-ray
retroreflective structure), and (4) a glass to which the
optical film according to the first embodiment is affixed.
Bare glaggs: 32°C
Glass of heat-ray reflective flat plate structure: 34°C
10 Glass of heat-ray retroreflective structure: 35°C
Glass to which the optical film according to the first
embodiment is affixed: 34.5°C
(Note that the temperature is a mean temperature after
reaching thermal equilibrium.j
15 As seen from the above examples, the glass having the
corner-cube retroreflection structure tends to have
temperature higher than that of the bare glass and the glass
having the heat-ray reflective flat plate structure. In
contrast, the glass to which the optical film according to
20 the first embodiment is affixed tends to have temperature
lower than that of the glass having the corner-cube
retroreflection structure.
<Modifications>

Modifications of the above-described embodiment will be

25 described below.



the surface of the optical film 1, whereby transmissivity 5 and reflectivity are lost. Therefore, the
surface of the optical film 1 is preferably optically transparent at all times. Thus, it is preferable that the
surface of the optical film 1 is superior in the water-repellent or hydrophilic property, for example, and
the surface can 10 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
hydrophilic property, for example, can be given to the incident surface. Hence, it is possible to 15 avoid
dirt and dust from adhering to the incident surface agd to suppress degradation of the directional
reflection characteristic. <4. Fourth Embodiment> While the first embodiment has kgen,dgsgibed
above, by 20 way of example, in connection with case of applying the present invention to, e.g., the

window m b%rs Eh% Rresent éncv:{acr)]ztllo?n is not limited to the above-described example and can be

further app ied TG Various nterior and exterior members, etc. other than the window member. Further,
the 25 present inyarfion isapplicablgde nobaRly fixedly + BLuaR3A090A0 a First

modification of the firgt embodiment. Ag illustrated in Fig.
11A, an optical film 1 according to the first modification
5 has an incident surface S1 in a concave-convex shape. The

concave-convex shape of the incident surface 51 is formed to
follow the concave-convex shape of the first optical layer 4,
for example, such that positions of top portions of convexes
and positions of bottom portions of concaves are aligned

10 Dbetween both the concave-convex shapes. The concave-convex
shape of the incident surface S1 is preferably gentler than
that of the first optical layer 4.
[Second Modification]

Fig. 11B is a sectional view illustrating a second

15 modification of the first embodiment. As illustrated in Fig.
11B, an optical film 1 according to the second modification
is formed such that top portions of convexes in the concave-
convex surface cof the first optical layer 4, on which the
wavelength selective reflecting layer 3 is formed, are

20 substantially flush with the incident surface S1 of the
first optical layer 4.
<2. Becond Embodiment:

A second embodiment differs from the first embodiment

in that the former directionally reflects light in a

25 particular wavelength band while scattering light other than



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 5 of the sunlight, which are caused with the shift of seasons
and the elapse of time, etc., and of taking the adjusted amount of the sunlight into an indoor space,
etc. In a fourth embodiment, one example of such a device is described in connection with a solar
shading device (window blind) 10 that can adjust a degree at which a group made up of plural solar
shading members cuts off the incident light, by chapging an angle of the solar shading member group.
Fig. 14 is a perspective view illustrating one example of construction of a window biipd fce@Eding to
the fourth 15 embodiment. As illustrated in Fig. 14, the window blind serving as the solar shading

dove ncyes PRI A09.5. 3o e cls shoo et rou) 202 e of

slats (blades a, and a e head box 203 Is dispose ove slat group 202

made up of thei 26 plusakslatsred2as 4 adder eherds2P6-and Hsp-andriall ¢heyds 205rake extended
downward from the head box 203, and the bottom rail 204 is suspended at lower ends of those chords.

The slats 202ahds theaddlarshading dissnbersdre Bachdn arghdrder rectangllea shapesforExample,
and are 25 supported by the ladder chords 206, extending downward from - 82 - SP300049 the head
box 203, aPBfedetémiined intBR/afinta@ SBsnderstary: Fufther A& hedd bbR20%isr6vided with

an operating means (not shown), such as a rod, fqor,adjusting-an angle of the slat group 202 made up
o e lUr A Db K e flosi oy Sreideera HAVIAL TS fOF FG i

reflecting layer 3 and the optical layer 2. Preferably, the
light scatterer is disposed in at least one of positions
between the wavelength selective reflecting layer 3 and the
first optical layer 4, inside the first optical layer 4, and

10 on the surface of the first optical layer 4. When the
optical f£iim 1 is affixed to a support such as a window
member, it can be affixed to either the indoor side or the
outdoor side of the support. When the optical film 1 is
affixed to the outdoor side, the light scatterer for

15 scattering the light other than the particular wavelength
band is preferably disposed only between the wavelength
selective reflecting layer 3 and the support such as the
window member. The reason is that if the light scatterer is
present between the wavelength selective reflecting layer 3

20 and the incident surface, the directional reflection
characteristic is lost. Alsc, when the optical film 1 is
affixed to the indoor side, the light scatterer isg
preferably disposed between the emergent surface of the
optical film 1 on the side opposite to the affixed surface

25 thereof and the wavelength selective reflecting layer 3.



the slat group 202 made up of the plural slats 202a in accordance with operation of the operating
means, such as the rod, thereby adjusting the amount of light taken into an indoor space, for example.
Further, the head box 203 has 10 the function of a driving means (raising and lowering means) for
raising and lowering the slat group 202, as appropriate, in accordance with operation of an operating
means, e.g., a rise-and-fall operating chord 207. Fig. 15A is a sectional view illustrating a first 15
example of construction of the slat. As illustrated in Fig. 15A, the slat 202 includes a base 211 and an
optical film 1. The optical film 1 is preferably disposgd on one of two principal surfaces of the base
211, the one principal surface being positioned on the side including an incident 2Q;s4rfacg, gn 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 oﬁ'&gal.félm 1 and.the baée 211 arefffii‘_‘xsetdxté)t%%h oth%ri\/_yi t% an affixing layer,

e.g., a bonding Ia%?br an ad%esﬁleslgf/:gr.l%g?‘ e base can take thgsﬁape of, e.g., asheet, a - 83

- SP300048-fimp Pea plateof Be base 234 i bemade-afcg.n. falags, resivdpaierial pager, or cloth.
In consideration of the case of taking visible light into a predetermined indoor space, for example, a
resin matetisehasngtransparentyens prefevablylusedrdhedlass, Higgresirk materiad, the paper,
first optical layer 4 includes a resin and fine particles 11.
5 The fine particles 11 have a refractive index differing from
that of the resgin, which is a main component material of the
first optical layer 4. For example, at least one kind of
organic fine particles and inorganic fine particles can be
uged as the fine particles 11. Also, hollow fine particles
10 may be used as the fine particles 11. Examples of the fine
particles 11 include inorganic fine particles made of, e.g.,
silica or alumina, and organic fine particles made of, e.qg.,
styrene, acryl, or a copolymer of the formers. Among those
examples, silica fine particles are particularly preferable.
15 Fig. 12B is a sectional view illustrating a second
example of construction of the optical film 1 according to
the second embodiment. As illustrated in Fig. 128, the
optical film 1 further includes a light diffusion layer 12
on the surface of the first optical layer 4. The light
20 diffusion layer 12 includes, for example, a resin and fine
particies. The fine particles can be ones similar to those
used in the above-described first example.
Fig. 12C is a sectional view illustrating a third
example of construction of the optical film 1 according to

25 the second embodiment. As illustrated in Fig. 12C, the



or the cloth used here may be the same as that generally known in ordinary rolling screens. 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 10 first to third embodiments. Fig. 15B is a sectional view illustrating
a second example of construction of the slat. In the second example, as illustrated in Fig. 15B, the
optical film 1 is used as the slat 202a. Preferably, the optical film 1 has such a 15 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 wjlbe described in connection with 20 a rolling
screen device, i.e., another example of the solar shading device capable of adjustigg f-degree at
which a solar shading member cuts off the incident light, by winding or unwinding the solar shading

5 SEAS  ACEEEEA Y st ooh e ek S0k eton of ol
between the wavelength selective reflecting layer 3 and the
first optical layer 4. The light diffusion layer 12
includes, for example, a resin and fine particles. The fine

5 particles can be ones similar to those used in the above-
described first example.

According to the second embodiment, it 1s possible to
directionally reflect the light in the particular wavelength
band, e.g., an infrared ray, and to scatter the light other

16 than the specific wavelength band, e.g., visible light.
Hence, a visually attractive design can be given to the
optical film 1 by making the optical film 1 clouded.
<3. Third Embodiment:

Fig. 13 is & sectiocnal view illustrating one example of

i5 construction of an optical film according to a third
embodiment. The third embodiment differs from the first
embodiment in that the former further inciudes a self-
cleaning effect layer 51, which develops a cleaning effect
in itself, on an expoged surface of the optical film 1 on

20 the opposite side to one of the incident surface 81 and the
emergent surface S2 of the optical film 1, which one is
affixed to the adherend. The self-cleaning effect layer 51
includes, e.g., a photocatalyst. For example, TiO; can be
used as the photocatalyst.

25 As described above, the optical film 1 is featured in



fifth embodiment. As illustrated in Fig. 16A, a rolling screen device 301 serving as the solar shading
device includes a screen 302, a head box 303, and a core member 304. The head box 303 is
constructed to be able to raise and fall 5 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 10 the screen 302. Preferably, the screen 302 has flexibility. The
shape of the screen 302 is not limited to particular gpe and is preferably selected depending on the
shape of, e.g., a window member to which the rolling screen device 301 is applied.dgargyaaple, the
shape of the screen 302 is 15 selected to be rectangular. Fig. 16B is a sectional view illustrating one
example of canstruction of the screen 302. As illystrated in.Fig. 16B, the screen 302 includes a base
311 and an opﬁgal Fim 1. The screen 302 prefera ny has Heéxibi ity.ll%e optica 70 il 1 is preferably
disposed arenRe-ghtwe; pRNCIPalSuraces Of thebase 11 .ithe pngiprnginal syrfage peing positioned

on the side Including an incident surface on which extraneous light is incident (e.g., on the side facing
the windove reanplier). Thiesbpticad fisndtamd-the liase 3bl drier25 affixedus eaghlothemawitttan affixing
layer, a bonding - 85 - 52300 049 layer or an adhesive layer. Note that the construction of the screen
302 is not fiffed ¥ ficifiustfatbB e Xariple ahd e Bplical filth 1ehdy eausati &€ thelddfeen 302. The
base %11 Ca%?d}aiéee eegtcl:ai%%.gg‘ eai%é alsé‘lggt, aTher@fore, the surface of the
optical f£ilm 1 is preferably optically transparent at all
times. Thus, it is preferable that the surface of the
optical film 1 is superior in the water-repellent or
hydrophilic property, for example, and the surface can
10 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 hydrophilic property, for example, can be
given to the incident surface. Hence, it is possible to
15 avoid dirt and dust from adhering to the incident surface
and to suppress degradation of the directional reflection
characteristic.
<4 . Fourth Embodiments
While the first embodiment has been described above, by
20 way of example, in connection with case of applying the
present invention to, e.g., the window member, the present
invention is not limited to the above-described example and
can be further applied to variousgs interior and exterior

members, etc. other than the window member. Further, the

25 present invention ig applicable to not only fixedly



5film, or a plate. The base 311 can be made of, e.g., glass, resin material, paper, or cloth. In
consideration of the case of taking visible light into a predetermined indoor space, for example, a resin
material having transparency is preferably used. The glass, the resin material, the paper, 10 or the
cloth used here may be the same as that generally known in ordinary rolling screens. 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. 15 <6. Sixth Embodiment> A sixth embodiment will be
described in connection with the case of applying the present invention to a fitting (e.g., an interior or
exterior member) that includes a lighting portion provided by an optical body having hg, 2@ girectional
reflection property.  Fig. 17A is a perspective view illustrating one example of construction of a fitting
according to thg %)ﬁggmboadiment. As yugt}@tgg in Fi%{[ 2%4&,?6\ a fittin%401 includeﬁan optical body 402

provided ina ﬁgﬁtmg por ion 25 404.K16re spemﬂlc%]ﬁy, f%tlrnsg 48 ?rl{}élliﬂgeswt 6 -B86 - 5P3 00049

optical body 40P-anq,adrame germber 403 that is-dispased i peyplerahgodionafdug optical body
402. The optical body 402 is fixedly held by the frame member 403, but it can be removed, when
necessary diy disassamhling thesitaniady’ me mitzet UO3: dhikeuonie gkamble ofdhe figtingnd01 is a shoji
(i.e., a paper-made and/or glass-fitted sliding door), the present invention is not limited to such an
example ad# BRE pRISeALINREhESH AN TRIEGcdab SaRé g tyPes IFMHERS that MERId_Yighting

ortions. . . . -
P 5 of the sunlight, which are caused with the shift of seasons

and the elapse of time, etc., and of taking the adjusted
amount of the sunlight into an indoor space, etc. In a
fourth embodiment, one example of such a device is described
in connection with a gclar ghading device (window blind)

10 that can adjust a degree at which a 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 according to the fourth

15 embodiment. As illustrated in Fig. 14, the window blind
serving as the solar shading device includes a head box 203,
a slat group (golar shading member group) 202 made up of
plural slats (bladesg) 202a, and a bottom rail 204. The head
box 203 is disposed above the slat group 202 made up of the

20 plural slats 202a. Ladder chords 206 and rise-and-fall
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 as the solar shading members are
each in a slender rectangular shape, for example, and are

25 supported by the ladder chords 206, extending downward from



10Fig. 17B is a sectional view illustrating one example of construction of the optical body. 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 one of two principal surfaces of the base 411, the one principal 15 surface being
positioned on the side including an incident surface on which extraneous light is incident (e.g., on the
side facing the window member). The optical film 1 and the base 311 are affixed to each other with an
affixing layer, e.g., a bonding layer or an adhesive layer. Note that the 20 construction of the shoji 402
is not limited to the illustrated example and the gptical film 1 may be used as the optical body 402.

The base 411 is in the form of, e.g., a sheet, a film, or a base plate each having flexibjlfyoLhe base
411 can 25 be made of, e.g., glass, resin material, paper, or cloth. - 87 - SP300049 In consideration of

the case of jaking igitie jo jato a predeteymined jadoer place, forexaryple, 3 esin matgrial having
a the c use

transparency is preterably used. The glass, the Tesin material, the paper, or here may

be the 5 sajpgas thapgepaealy kpwnrs, apicat bodiesiig opdingryditings: ckhespptical 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-descpbes fifrst4o tlEschemndimerttswiEX AMBLE S} 4 0Zhe pdeselt invetitioa twitkdeatescribed in
more detail below in connection with TEST EXAMPLES and EXAMPLES, but the present invention is
not limited 3 9hfy e EIGiRdIESFEXAMPEEBAHR BRARPLES Plurgly stgssndfldstration to

eXMa@thedeﬂm%ggqgég&mg§¥d£SQQ%%ggides a driving means for rotating

the slat group 202 made up of the piural slats 2062a in
accordance with operation of the operating means, such as
the rod, thereby adjusting the amount of light taken into an
indoor space, for example. Further, the head box 203 has

10 the function of a driving means (raising and lowering means)
for raising and lowering the slat group 202, as appropriate,
in accordance with operation of an operating means, e.g., a
rige-and-fall operating chord 207.

Fig. 15A is a sectional view illustrating a first

15 example of construction of the slat. As illustrated in Fig.
154, the slat 202 includes a base 211 and an optical £ilm 1.
The optical £ilm 1 is preferably disposed on cne of two
principal surfaces of the base 211, the one principal
surface being positioned on the side including an incident

20 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 f£ilm 1 and the base 211 are
affixed to each other with an affixing layer, e.g., a
bonding layer or an adhesive layer.

25 The base 211 can take the shape of, e.g., a sheet, a



In the following TEST EXAMPLES and EXAMPLES, the upward reflectance is defined by the following
formula; upward reflectance Ru = [(total power of light  reflected in upward direction) / (total power of
incident 20light)] x 100  where power of incident light = (power of light reflected in upward direction)
+ (power of light reflected in downward direction), upward direction: reflection angle (8, 0) = (90,
0) to 26(10, 0), - 88 - SP300049  downward direction: reflection angle (0, (1)) = (-90, 4)) to (10, (1)),
and direction of 0 = 10 is included in the upward direction. In the following TEST EXAMPLES and
EXAMPLES, assuming a 5 state that the optical_fil?kis_affixed to the adherend, e.g., the window
member, as illustrated in Fig. 18, a first surface Spl of two surfaces forming the trianguijay fildar, which
is positioned on the upper side, is called an upper surface Spl, and a second surface 5p2, which is

positioned A0,gn the lower side, s called 2 Jowen syriace, 52 Fuhera fin thickness of 2 totally
reflecting layer
resin material, paper, or cloth. In consideration of the
case of taking visible light into a predetermined indoor
space, for example, a resin material having transparency is
5 preferably used. The glass, the resin material, the paper,
or the cloth used here may be the same as that generally
known in ordinary rolling screens. The optical film 1 used
here may be one type cor a combination of two or more types
of the optical films 1 according to the above-described
10 first to third embodiments.

Fig. 15B is a secticnal view illustrating a second
example of construction of the slat. In the second example,
as illustrated in Fig. 15B, the optical film 1 is used as
the slat 202a. Preferably, the optical film 1 has such a

15 level of rigidity that the optical f£ilm 1 can be supported
by the ladder chords 206 and can maintain its shape in a
supported state.
<5. Fifth Embodiments>

A fifth embodiment will be described in connection with

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

Fig. 16A is a perspective view illustrating one example

25 of comstruction of a rolling screen device according to the



or a wavelength selective reflecting layer formed on the upper surface Spl (i.e., the first film thickness
dl in Fig. 43) is called a film thickness dl on an upper sloped surface, 15 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. 43) is called a film thickness d2 on a lower sloped surface. In the
following TEST EXAMPLES and EXAMPLES, prism 20 patterns 1 to 3 imply the following patterns,
respectively. (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 25
closest-packed state under setting conditions given below: - 89 - SP300049 Pitch:S]EpjooléBQ &\pex
angle a: 90 Slope angle 0: 75 Symmetry: not symmetric

fifth embodiment. As illustrated in Fig. 16A, a rolling
gscreen device 301 serving as the solar shading device
includes a screen 302, a head box 303, and a core member 304.
The head box 303 is constructed to be able to raise and fall

5 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

10 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 member to which the rolling screen device 301 is
applied. For example, the shape of the screen 302 is

15 selected toc be rectangular.

Fig. 16B is a sectional view i1llustrating one example
of construction of the sgcreen 302. As iliustrated in Fig.
16B, the screen 302 includeg a base 311 and an optical film
1. The screen 302 preferably has flexibility. The optical

20 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 (e.g., on the side facing
the window member). The optical film 1 and the base 311 are

25 affixed to each other with an affixing layer, a bonding



5(Prism Pattern 2)  Fig. 19B 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: 10Pitch: 100 pm Apex angle a: 90 Slope
angle 0: 350 Symmetry: not symmetric (Prism Pattern 3) 15Fig. 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
20Apex angle a: 90 Slope angle 0: 45 Symmetry: sanmetric In the following TEST EXAMPLES
and EXAMPLES, the wavelength selective reflecting layer and the totally 25 reflecttip lages amply
reflecting layers defined below.

layer or an adhesive layer. Note that the construction of
the screen 302 is not limited to the illustrated example and
the optical film 1 may be used as the screen 302.
The base 311 can take the shape of, e.g., a sheet, a
5 film, or a plate. The base 311 can be made of, e.g., glass,
resin material, paper, or cloth. In consideration of the
case of taking visible light into a predetermined indoor
space, for example, a resin material having transparency is
preferably used. The glass, the resin material, the paper,
10 or the c¢loth used here may be the same as that generally
known in ordinary rolling screeng. 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.
15 <6. Sixth Embodiments:

A sixth embodiment will be described in connection with
the case of applying the present invention to a fitting
(e.g., an interior or exterior member) that includes a
lighting portion provided by an optical body having the

20 directional reflection property.

Fig. 17A is a perspective view illustrating one example
of construction of a fitting according to the sixth
embodiment. As illustrated in Fig. 242, a fitting 401
includes an optical body 402 provided in a lighting portion

25 404. More specifically, the fitting 401 includes the



- 90 - SP300049 (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 2100 nm, and that
transmits light 5 other than such a wavelength band therethrough. (Totally Reflecting Layer) The
totally reflecting layer is a reflecting layer that reflects all (100%) of the incident light regardless of the
wavelength band. 10TEST EXAMPLES and EXAMPLES will be described in the following order. 1.
Relationship of apex angle a and slope angle p versus upward reflectance 2. Relationship of
incident angle versus upward 15 reflectance 3.-Reglationship of incident angle and reflection angle
versus upward reflectance 3-1. Calculation with simulation 3-2. Measurement with astiad samples 204.
Relationship of slope angle versus film thickness of

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 it can
be removed, when necessary, by disassembling the frame
5 member 403. While one example of the fitting 401 is a shoji
{i.e., a paper-made and/or glass-fitted sliding door), the
present invention is not limited to such an example and the
present invention can be applied to various types of
fittings that include lighting portions.
10 Fig. 17B is a sectional view illustrating one example
of construction of the optical body. As illustrated in Fig.
178, the optical body 402 includes a bage 411 and an optical
film 1. The optical film 1 ig disposed on one of two
principal surfaces of the base 411, the one principal
15 surface being positioned on the side including an incident
gurface on which extraneous light ig incident {e.g., on the
side facing the window member). The optical film 1 and the
base 311 are affixed to each other with an affixing layer,
e.g., a bonding layer or an adhesive layer. Note that the
20 construction of the shoji 402 is not limited to the
illustrated example and the optical film 1 may be used as
the optical body 402.
The base 411 is in the form of, e.g., a sheet, a film,
or a base plate each having flexibility. The base 411 can

25 be made of, e.g., glass, resin material, paper, or cloth.



wavelength selective reflecting layer 5. Relationship of wavelength versus upward reflectance 6.
Relationship of incident angle versus upward reflectance 257. Relationship of wavelength and incident
angle versus - 91 - SP300049 upward reflectance <1. Relationship of apex angle a and slope angle 0
versus upward reflectance> (TEST EXAMPLE 1) 5An upward reflectance was determined with
simulation that was performed as described below by using the illumination design analysis software
Light Tools made by ORA (Optical Research Associates). First, a directional reflecting surface made
up of 10 asymmetrical triangular pillars in the clasggt-packed state was set. Setting conditions for the
directional reflecting surface were as follows: Pitch: 100 wrl SP300049

In consideration of the case of taking visible light into a
predetermined indoor place, for example, a resin material
having transparency is preferably used. The glass, the
resin material, the paper, or the cloth used here may be the

5 same as that generally known 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]

10 The present invention will be described in more detail
below in connection with TEST EXAMPLES and EXAMPLES, but the
present invention is not limited to only the following TEST
EXAMPLES and EXAMPLES.

Fig. 18 is an illustration to explain the definition of

15 upward reflectance.

In the following TEST EXAMPLES and EXAMPLES, the upward
reflectance is defined by the following formula;

upward reflectance Ru = [(total power of light
reflected in upward direction) / (total power of incident

20 light)} x 100

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

upward direction: reflection angle (8, &) = (90°, ¢) to

25 {(10°, ¢,



Apex angle a: 20 to 1600 15Slope angle 0: 10to 80  Type of reflecting layer: wavelength selective
reflecting layer Film thickness: film thickness dl on the upper sloped surface and film thickness on
the lower sloped surface d2 20 were 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 with light being incident on the directional reflecting 25 surface from the direction of
the incident angle (00, (1)) = - 92 - SP300049 (60, 0). The result is depicted in Fig. 20.  Fig. 20is a
plot illustrating the calculation result of the upwardggflectance with the simulation in TEST EXAMPLE
1. Note that, in Fig. 20, marks "x" put on a 5 straight line representing a = 90 indicajg f@spedive
coordinates that correspond to the apex angle a and the slope angle p of the prism patterns 1 to 3

lllustrated in Figs; 19419 198G, TPeJpiQuina ngints are Yodgriaed figm Fi9-20( _gqe, )
to (1¢°, ¢), and

direction of 8 = 10° is included in the upward direction.

In the following TEST EXAMPLES and EXAMPLES, assuming a

5 sgtate that the optical fiim is affixed to the adherend, e.g.,
the window member, as illustrated in Fig. 18, a first
surface Spl of two surfaces forming the trianguliar pillar,
which is positioned on the upper side, is called an upper
surface Spl, and a second surface Sp2, which is positioned
10 on the lower side, ig called a lower surface Sp2.

Further, a £ilm thickness of a totally reflecting layer
or a wavelength selective reflecting layer formed on the
upper surface Spl (i.e., the first film thickness 41 in Fig.
4B) is called a film thickness dl onn an upper sioped surface,

15 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 42 on a lower sloped surface.

In the following TEST EXAMPLES and EXAMPLES, prism

20 patterns 1 to 3 imply the following patterns, respectively.
{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

25 clogest-packed state under setting conditions given below:



10When the apex angle a and the slope angle p satisfy any one of the following formulae (1) to (4), the
upward reflectance of 80% or more can be ensured: -3.6a+3965p5_80(855a590) (1) a-3005
-a+ 170 (90 5 a100)_(2) 1530pa-50(805a5.90) (3) 305p-a+130(905al100)_(4) <2.
Relationship of incident angle 'versus upward reflectance> (TEST EXAMPLE 2) 20An upward
reflectance was determined with simulation that was performed as described below by using the

illumination design analysis software Light Tools made by ORA. First, a directional reflecting
surface having setting 25 conditions, given below, y&s set: - 93 - SP300049 Type of prism pattern:
prism pattern 1 SP300049

Pitch: 100 um

Apex angle a: 90°

Siope angle B: 75°

Symmetry: not symmetric

5 (Prism Pattern 2)

Fig. 19B 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:

10 Pitch: 100 um

Apex angle o: 90°

Slope angle P: 35°

Symmetry: not symmetric
(Prism Pattern 3)

15 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
clogest-packed state under setting conditions given below:

Pitch: 100 um

20 Apex angle a: 30°

Slope angle p: 45°

Symmetry: symmetric

In the following TEST EXAMPLES and EXAMPLES, the
wavelength selective reflecting layer and the totally

25 reflecting layer imply reflecting layers defined below.



Type of reflecting layer: wavelength selective reflecting layer Film thickness: film thickness dl on
the upper sloped 5 surface and film thickness on the lower sloped surface d2 were 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 10 while the incident angle (Os, 0) was
changed in the range of (0, 0) to (80, 0). The result is depicted 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 15 setting conditions of the directionghreflecting surface as follows. The result is
depicted in Fig. 21B. Type of prism pattern: prism pattern 2 Type of reflecting layet:gyavelength
selective reflecting layer 20Film thickness: film thickness dl on the upper sloped surface and film

thickness o(raqg@el%\{%ﬂ_?pgglsgéf@fged%\gﬁee%q%glig@ EXAMPLE 4) An upward reflectance
mi EXAM

was determined In a similar 25 manner to that in TE X LE 2 except for modifying the
The wavelength selective reflecting layer is a

reflecting layer that reflects only infrared light in a

wavelength band of 780 to 2100 nm, and that transmits light
5 other than such a wavelength band therethrough.

(Totally Reflecting Layer)

The totally reflecting layer is a reflecting layer that
reflects all (100%) of the incident light regardless of the
wavelength band.

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

25 7. Relationship of wavelength and incident angle versus



- 94 - 5P3 00049 setting conditions of the directional reflecting surface as follows. The result is
depicted in Fig. 210. Type of prism pattern: prism pattern 3 Type of reflecting layer: wavelength
selective 5 reflecting layer Film thickness: film thickness dl on the upper sloped surface and film
thickness on the lower sloped surface d2 were constant Figs. 21A to 210 are graphs illustrating the
respective 10 calculation results of the upward reflectance with the simulations in TEST EXAMPLES 2,
3 and 4. In Figs. 21A to 210, the upward reflectance at the incident angle 60 corresponds to relevant
one of the coordinates indicated by the marks "x" in1Fig. 20. 15The following points are understood
from Figs. 21A to 210.  All TEST EXAMPLES 2 to 4 exhibit a similar tendency tht e opward
reflectance abruptly increases at the incident angle in the range of 0 to about 20 as the 20 incident

angle incrqwéranq,gntég% Apward reflectance
<1. Relationship of apex angle o and slope angle B wversus
upward reflectances
(TEST EXAMPLE 1)

5 An upward reflectance was determined with simulation
that was performed as described below by using the
illumination design analysis software Light Tools made by
ORA {Optical Research Associates).

First, a directional reflecting surface made up of
10 asymmetrical triangular pillars in the closest-packed state
was set. Setting conditions for the directional reflecting
surface were as follows:
Pitch: 100 um
Apex angle o: 20 to 160°
15 Slope angle f: 10 to 80°
Type of reflecting layer: wavelength selective
reflecting layer
Film thickness: film thickness di on the upper sloped
surface and film thickness on the lower sloped surface d2
20 were constant
Next, an imaginary sunlight source (color temperature
of 6500K and wavelengths of 380 te 1200 nm) was set as a
light source P, and an upward reflectance was determined
with light being incident on the directional reflecting

25 surface from the direction of the incident angle (8., ¢) =



gradually reduces at the incident angle in the range of about 20 to about 70 as the incident angle
increases. However, there is a tendency that, in TEST EXAMPLE 2, a reduction rate of the upward
reflectance at the incident 25 angle in the range of about 20 to about 70 is held small, - 95 -
SP300049 whereas, in TEST EXAMPLE 4, the upward reflectance significantly reduces at the incident
angle in the range of about 20 to about 70. Further, TEST EXAMPLE 3 exhibits such a tendency that
the upward reflectance abruptly reduces 5 near the incident angle 40. <3. Relationship of incident
angle and reflection angle versus upward reflectangg>_<3-1. Calculation with simulation> (TEST
EXAMPLE 5) 10An upward reflectance was determined with simulation that was pgderped as
described below by using the illumination design analysis software Light Tools made by ORA.

10

15

20

25

(60°, 0°). The result is depicted in Fig. 20.

Fig. 20 is a plot illustrating the calculation result
of the upward reflectance with the simulation in TEST
EXAMPLE 1. Note that, in Fig. 20, marks "x" put on a
straight line representing a = 920 indicate respective
coordinates that correspond to the apex angle o and the
slope angle B of the prism patterns 1 to 3 illustrated in
Figs. 19A to 19C.

The following points are understood from Fig. 20.

When the apex angle a and the slope angle B satisfy any
one of the following formulae (1) to (4), the upward

reflectance of 80% or more can be ensured:

-3.60 + 396 < B < 80 (85 < o £ 90) A1)
o - 30 £ P < -a+ 170 (90 < o < 100) w(2)
30 <P <o - 50 (80 € £ 90) ~(3)
30 < B < -a + 130 (90 < o £ 100) . (4)

<2. Relationship of incident angle wversus upward
reflectances
{(TEST EXAMPLE 2)

An upward reflectance was determined with simulation
that was performed as described below by using the
iliumination design analysis software Light Tools made by
ORA.

First, a directional reflecting surface having setting

conditions, given below, was set:



First, a directional reflecting surface having the 15 following setting conditions was set: Type of prism
pattern: prism pattern 1 Type of reflecting layer: totally reflecting layer Film thickness: film thickness dI
on the upper sloped surface and film thickness on the lower sloped surface d2 20 were 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 while the incident angle (Go, 1))
was changed in the range of 25(0, 0) to (80, 0). The result is depicted in Fig. 22A. - 96 - SP300049
(TEST EXAMPLE 6) An upward reflectance was dgtermined in a similar manner to that in TEST
EXAMPLE 5 except for modifying the  setting conditions of the directional reflectiggsistace as 5
follows. The result is depicted in Fig. 22B.

Type of prism pattern: prism pattern 1
Type of reflecting layer: wavelength selective
reflecting layer
Film thickness: film thickness dl on the upper sloped
5 surface and film thickness on the lowexr sloped surface 42
were 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
10 while the incident angle (0;, ¢) was changed in the range of
(0°, 0°) to {80° 0°). The result is depicted in Fig. 21A.
(TEST EXAMPLE 3)
An upward reflectance was determined in a similar
manner to that in TEST EXAMPLE 2 except for meodifying the
15 setting conditions of the directional reflecting surface as
follows. The result is depicted in Fig. 21B.
Type of prism pattern: prism pattern 2
Type of refliecting layer: wavelength selective
reflecting layer
20 Film thickness: film thickness dl on the upper sloped
surface and film thickness on the lower sloped surface d2
were constant
(TEST EXAMPLE 4)
An upward reflectance was determined in a similar

25 manner to that in TEST EXAMPLE 2 except for modifying the



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 on the lower sloped surface d2 10
were constant (TEST EXAMPLE 7) An upward reflectance was determined in a similar manner to that
in TEST EXAMPLE 5 except for modifying the  setting conditions of the directional reflecting surface
as 15 follows. The result is depicted in Fig. 22C. 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 on the lower sloped surface d2 20_wgge constant The following points are understood
from Figs. 22A to 22C.  In TEST EXAMPLES 5 to 7, the incident light is retroreflggted 44pvard.
However, a proportion of the

setting conditions of the directional reflecting surface as
follows. The result is depicted in Fig. 21C.

Type of prism pattern: prism pattern 3

Type of reflecting layer: wavelength selective

5 reflecting lavyer

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

Figg. 21A to 21C are graphs illustrating the respective

10 calculation results of the upward reflectance with the
simulations in TEST EXAMPLES 2, 3 and 4. In Figs. 21A to
21C, the upward reflectance at the incident angle 60°
corregponds to relevant one of the coordinates indicated by
the marks "x" in Fig. 20.

15 The following points are understoocd from Figs. 21A to
21C.

All TEST EXAMPLES 2 to 4 exhibit a similar tendency
that the upward reflectance abruptly increases at the
incident angle in the range of 0° to about 20° as the

20 incident angle increases, and that the upward reflectance
gradually reduces at the incident angle in the range of
about 20° to about 70° as the incident angle increases.

However, there is a tendency that, in TEST EXAMPLE 2, a
reduction rate of the upward reflectance at the incident

25 angle in the range of about 20° to about 70° is held small,



25 retroreflection can be increased in TEST EXAMPLES 5 and 6 - 97 - SP300049 where the
directional reflecting surface is formed by the asymmetrical triangular pillars in comparison with that in
TEST EXAMPLE 7 where the directional reflecting surface is formed by the symmetrical triangular
pillars. 5In TEST EXAMPLE 7 where the directional reflecting surface is formed by the symmetrical
triangular pillars, a downward reflectance is increased in comparison with those in TEST EXAMPLES
5 and 6 where the directional reflecting surface is formed by the asymmetrical triangular pillars. 10
<3-2. Measurement with actual samples> (EXAMP4E 1) First, grooves each having a two-dimensional
shape reversed to that of the triangular pillar, illustrated in Fig. 19A, were formed irgsa Nidr-oamade die
by cutting with a 15 byte. Next, a mixed resin (trade name DPHA made by NIPPON KAYAKU Co.,

Ltd.) of dipgpiaenyhrito] hexaacrylate apddipentagrythijiolnentaadrylate wascoated over the
Ni-Pmade die, and a PET film (A4300 made by Toyobo Co., Ltd.) having a thickness of 75 Ism was

placed on thegnixeddesinl 20Nexicthe mixedhesitnvas erreddngadiatingtibe nixee resin with UV
light from the side including the PET film.

about 20° to about 70°. PFurther, TEST EXAMPLE 3 exhibits

such a tendency that the upward reflectance abruptly reduces

5 near the incident angle 40°.

<3. Relationship of incident angle and reflection angle

versus upward reflectances

«3-1. Calculation with simulation>

(TEST EXAMPLE 5)

10 An upward reflectance was determined with simulation
that was performed as described below by using the
illumination design analysis software Light Tools made by
ORA.

First, a directional reflecting surface having the
15 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 on the lower sloped surface d2

20 were constant

Next, an imaginary sunlight source {(color temperature
of 6500K and wavelengths of 380 to 120C nm} was set as a
light source P, and an upward reflectance was determined

while the incident angle (8,, ¢) was changed in the range of

25 (0°, 0°) to (80° 0°). The result is depicted in Fig. 22A.



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 on which 25 the plural triangular
pillars, each illustrated in Fig. 19A, - 98 - SP300049 were arrayed in a one-dimensional pattern. Next,
an AlTi layer (target composition: Al/Ti = 98.5 at%/1.5 at%), serving as the totally reflecting layer, was
formed in a thickness of 100 nm on the above-mentioned shaped surface by 5 vacuum sputtering.
Next, the above-mentioned mixed resin was coated over the alternating multilayer film again. After
placing a PET film on the mixed resin and purging gt bubbles, a resin layer (second optical layer) was
formed on the alternating 10 multilayer film by irradiating the mixed resin with UV lightgoeure the
same. As a result, an optical film as an objective directional reflector was obtained. (EXAMPLE 2) An
optical film was:ebtaingsbinga gimilar manner to 15 that in EXAMPLE 1 except for that grooves each
having a two-dimensional shape reversed to that of the triangular pillar, illustrated in Fig. 19B, were
formed on a Ni-Pamadewiia-by eattinganish adyie { Redeetion Bisfribidion) similar

manner to that in TEST EXAMPLE 5 except for modifying the
setting conditions of the directional reflecting surface as
5 follows. The result is depicted in Fig. 22B.

Type of prism pattern: prism pattern 2

Type of reflecting laver: totally reflecting laver

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

10 were constant
(TEST EXAMPLE 7)

An upward reflectance was determined in a similar
manner to that in TEST EXAMPLE 5 except for modifying the
setting conditions of the directional reflecting surface as

15 follows. The result is depicted in Fig. 22C.

Type of prism pattern: prism pattern 3

Type of reflecting layer: totally reflecting layer

Film thickness: f£ilm thickness dl on the upper sloped
gsurface and film thickness on the lower gloped surface d2

20 were constant

The following points are understocd from Figs. 22A to
22C.

In TEST EXAMPLES 5 tc 7, the incident light is
retroreflected upward. However, a proportion of the

25 retroreflection can be increased in TEST EXAMPLES 5 and 6



20A 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 results are depicted in Figs. 23B
and 24B. Note that Figs. 23A and 24A depict the calculation results (i.e., the 25 calculation results in
TEST EXAMPLES 5 and 6) with - 99 - SP300049 simulations that were performed under the same
setting conditions as those for the directional reflecting surfaces in EXAMPLES 1 and 2. As seen from
Figs. 23A to 24B, the measurement results 5 of the upward reflectance in EXAMPLES 1 and 2
obtained by using the actual samples have a similajtendency to the calculation results in TEST
EXAMPLES 5 and 6 obtained by performing the simulations.  <4. Relationship of slopgqngle versus
film thickness of 10 wavelength selective reflecting layer> (EXAMPLE 3) First, grooves each having a

e R e el e g, sy e e
asymmetrical triangular pillars in comparison with that in
TEST EXAMPLE 7 where the directional refliecting surface is
formed by the symmetrical triangular pillars.

5 In TEST EXAMPLE 7 where the directional reflecting
surface is formed by the symmetrical triangular pillars, a
downward reflectance is increased in comparison with those
in TEST EXAMPLES 5 and 6 where the directional reflecting
surface is formed by the asymmetrical triangular pillars.

10 <«3-2. Measurement with actual samples>
(EXAMPLE 1)

First, grooves each having a two-dimensional shape
reversed to that of the triangular pillar, illustrated in
Fig. 19A, were formed in a Ni-P-made die by cutting with a

15 Dbyte. Next, a mixed resin (trade name DPEA 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 pm was placed on the mixed resin.

20 Next, the mixed resin was cured by irradiating the mixed
resin with UV light from the side including the PET film.

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 on which

25 the plural triangular pillars, each illustrated in Fig. 19A,



KAYAKU Co., Ltd.) of dipentaerythritol hexaacrylate and dipentaerythritol pentaacrylate was coated
over the Ni-Pmade die, and a PET film (A4300 made by Toyobo Co., Ltd.) having a thickness of 75 pm
was placed on the mixed resin. 20 Next, the mixed resin was cured by irradiating the mixed resin with
UV light from the side including the PET film.  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 on which 25 the plural triangular pillars, each illustrated in Fig. 19A, - 100 - 5P3 00049 were
arrayed in a one-dimensional pattern. Next, a multdayer film made up of the following layers was
formed on the above-mentioned shaped surface by vacuum sputtering. As a resulty ag @pgigal film as
an objective directional 5 reflector was obtained. First layer: GAZO layer Second layer: AgNdCu layer

Third layer, GAZQ Jayer Fourth layer: AGNAQY laysy 10F{fth Jayer, GAZQJayer, a1

layer (target compesition: AL/Ti = 98.5 at%/1.5 at%),

serving as the totally reflecting layer, was formed in a

thickness of 100 nm on the above-mentioned shaped surface by
5 vacuum sputtering.

Next, the above-mentioned mixed regin was coated over
the alternating multilayer film again. After placing a PET
film on the mixed resin and purging out bubbles, a resin
layer (second optical layer) was formed on the alternating

16 multilayver film by irradiating the mixed resin with UV light
to cure the same. As a result, an optical film as an
objective directional reflector was obtained.

{EXAMPLE 2)

An optical film was obtained in a similar manner to

15 that in EXAMPLE 1 except for that grooves each having a two-
dimensional shape reversed to that of the triangular piliar,
illustrated in Fig. 19B, were formed on a Ni-P-made die by
cutting with a byte.

(Reflection Distribution)

20 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 results are depicted in Figs. 23B and 24B. Note that
Figs. 23A and 24A depict the calculation results (i.e., the

25 calculation results in TEST EXAMPLES 5 and 6) with



(EXAMPLE 4)  An optical film was obtained in a similar manner to that in EXAMPLE 1 except for
that grooves each having a two-dimensional shape reversed to that of the triangular pillar, 15
illustrated in Fig. 19B, were formed on a Ni-P-made die by cutting with a byte. (COMPARATIVE
EXAMPLE 1) An optical film was obtained in a similar manner to that in EXAMPLE 1 except for that
grooves each having a two- 20 dimensional shape reversed to that of the triangular pillar, illustrated in
Fig. 19C, were formed on a Ni-P-made die by cutting with a byte. (COMPARATIVE EXAMPLE 2) First,
corner cubes, illustrated in Figs. 25A to 25C, 25.werg formed on a Ni-P-made die by cutting with a
byte. Next, - 101 - 5230 0049 urethane acrylate (ARONIX made by TOAGOSEI C&palghld4 sefractive
index of 1.533 after being cured) was coated over the Ni-P-made die, and a PET film (A4300 made by

Toyobo Cay Lidh):having adhickness of 7o Reywasplaceekan the.cqatpd Sdesin Jhe resin was cured
by irradiating the resin with UV light from the side including the PET film.

conditions as those for the directional reflecting surfaces
in EXAMPLES 1 and 2.
As seen from Figs. 23A to 24B, the measurement results
5 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 5 and 6 obtained by
performing the simulations.
<4. Relationship of slope angle versus film thickness of
10 wavelength selective reflecting layers
(EXAMPLE 3)

First, grooves each having a two-dimensional shape
reversed to that of the triangular pillar, illustrated in
Fig. 19A, were formed on a Ni-P-made die by cutting with a

15 Dbyte. 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 (24300 made by Toycbo Co., Ltd.)
having a thickness of 75 pm was placed on the mixed regin.

20 Next, the mixed resin was cured by irradiating the mixed
resin with UV light from the side including the PET film.

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 on which

25 the plural triangular pillars, each illustrated in Fig. 194,



Next, a laminate of the resin and the PET was peeled off from the Ni-P-made die, thereby obtaining a
resin layer (first optical layer) having a shaped surface on which many 10 corner cubes were
two-dimensionally arrayed. Next, a multilayer film was formed on the shaped surface by vacuum
sputtering under the same film forming conditions as those in EXAMPLE 3. As a result, an optical film
as an objective directional reflector was obtained. 15(Method of Measuring Film Thickness)  Fig.
26A is an illustration to explain a method of measuring a mean film thickness of each layer in the
wavelength selective reflecting layer in EXAMPLES 3 and 4 and COMPARATIVE EXAMPLE 1. 20The
mean film thickness of each layer in the wavelength selective reflecting layer in EXAMBLES<3 and 4
COMPARATIVE EXAMPLE 1 was measured as follows. First, the optical film was cut in a direction

perpendicylar o theridachine. of the Kiangular palac by,using. a KB (Fecysed lon Beam) to form 25 a

cross-section. Then, a film thickness t2 of each layer in =102 - SP300049 a direction n2 was
measured atamidpott of eash ahtwo sitles forrhiag follibogtlag shage ol theaerogsseetion by using a
TEM (Transmission Electron Microscope). The measurement was repeated at arbitrary 10 points on
the 5 opticakfilfhandnegsured Vs eiasiapy avéaged arithpratealy Bwsragedndhereby
obtaining the mean film thickness. The ésaso,n why the film thjckness is measured by specifying the

e

measuremanit PodifiSH ak dedRribBY Ab8ve fesifed fh Mt Whkrthe Himthickfi&dSBPthe wavelength

10 selective seflecting layer. formed.an.the triangular pillar is measured, the film thickness differs
depending on a position on the sloped surface of the triangular pillar as illustrated in Fig. 26A. Note

that, in Fig. 26A, piand n2iepresentzbe falawing directions: 15Direction nl: direction perpendicular to
the sloped surface of the triangular pillar formed in the PET film

Second layer: AgNdCu layer

Third layer: GAZO layer

Fourth layer: AgNdCu layer

10 Fifth layer: GAZO lavyer
(EXAMPLE 4)

An optical film was obtained in a similar manner to
that in EXAMPLE 1 except for that grooves each having a two-
dimensional shape reversed to that of the triangular pillar,

15 illustrated in Fig. 19B, were formed on a Ni-P-made die by
cutting with a byte.
{COMPARATIVE EXAMPLE 1)

An optical film was obtained in a similar manner to

that in EXAMPLE 1 except for that grooves each having a two-
20 dimensional shape reversed to that of the triangular pillar,

illustrated in Fig. 19C, were formed on a Ni-P-made die by

cutting with a byte.

{COMPARATIVE EXAMPLE 2)

First, corner cubeg, illustrated in Figs. 25A to 25C,

25 were formed on a Ni-P-made die by cutting with a byte. Next,



Direction n2: direction perpendicular to the principal surface of the PET film (i.e., direction of thickness
of the PET film) 20Fig. 26B is an illustration to explain a method of measuring a mean film thickness of
each layer in the wavelength selective reflecting layer in COMPARATIVE EXAMPLE 2. The mean film
thickness of each layer in the - 103 - SP300049 2 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 mean film thickness t2 of each layer in a direction n2 was measured at 5 a
midpoint of a perpendicular line with respect to.a trigngle forming the corner cube by using a TEM. The
measurement was repeated at arbitrary 10 points on the optical film, and measuredwatuasawere
simply averaged (arithmetically averaged), thereby obtaining the mean film 10 thickness. Herein, the

term "perpgpdicyiar ding with taspeqhigaitiianaleidmplies aresaenrdiedar ling-fhat is drawn from the
apex of a triangle, which forms a pyramidal surface of a triangular pyramid, to a subtense (i.e., a
bottom sideof the: triangulargaxamid) 1 The seastrewhpdiendS dlne dlaickness issaeasiireddy specifying
the measurement position as described above resides in that, when the film thickness of the

wavelengtfi Beldiive rafetting 8yerdBeméd BRThE EbiherR4be §s redaukat, Tre Gl tiiekness differs

depending_on_a position on the triangle forming the 20 corner cube as.illustrated in Fig. 26B. Note that,
in Fig. ZGBL,'Hfiarfd kﬁi‘?éﬁ?esaenﬁ}?ec%ﬂsmgogrgc‘:ﬁ 18: Waﬁi@iﬁ&ﬁ%l:%ﬁeﬁ%‘ n Eg?lp%e% icular to the

sloped surface of the;gamner.cube formed:indae PET M, 4 1 -+ s Riteclan N2 ditecljor pesrendicular
to the principal 25 surface of the PET film (i.e., direction of thickness of the
light from the side including the PET film.

Next, a laminate of the resin and the PET was peeled
off from the Ni-P-made die, thereby obtaining a resin layer
(first optical layer) having a shaped surface on which many

10 corner cubes were two-dimensionally arrayed. Next, a
multilayer f£ilm was formed on the shaped surface by wvacuum
sputtering under the same film forming conditions as those
in EXAMPLE 3. As a result, an cptical film as an objective
directional reflector was cbtained.

15 (Method of Measuring Film Thickness)

Fig. 26A is an illustration to expiain a method of
measuring a mean film thickness of each layer in the
wavelength selective reflecting layer in EXAMPLES 3 and 4
and CCMPARATIVE EXAMPLE 1.

20 The mean f£ilm thickness of each layer in the wavelength
selective reflecting layer in EXAMPLES 3 and 4 COMPARATIVE
EXAMPLE 1 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 Ton Beam} to form

25 a cross-sgsection. Then, a film thickness t2 of each layer in



- 104 - SP300049 PET film) Fig. 27A illustrates mean film thicknesses (film thicknesses dl on the
upward sloped surface) of the layers in the wavelength selective reflecting layer formed on the 5
upward sloped surface Spl (see Fig. 18) in each of EXAMPLES 3 and 4 and COMPARATIVE
EXAMPLES 1 and 2. Fig. 273 illustrates mean film thicknesses (film thicknesses d2 on the downward
sloped surface) of the layers in the wavelength selective reflecting layer formed on the downward
sloped 10 surface Sp2 (see Fig. 18) in each of EXAMPLES 1 and 2 and COMPARATIVE EXAMPLES
1 and 2. The following points are understood frommfgigs-27A and 273. In EXAMPLES 3 and 4 in which
the directional reflecting 15 surface is formed by the asymmetrical triangular pillarsg theyoean film
thickness of the wavelength selective

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

5 optical film, and measured values were simply averaged
(arithmetically averaged), thereby obtaining the mean film
thickness. The reason why the film thickness is measured by
specifying the measurement position as described above
resides in that, when the film thickness of the wavelength

10 selective reflecting layer formed on the triangular pillar
is measured, the film thickness differs depending on a
position on the sloped surface of the triangular pillar as
illustrated in Pig. 26A. Note that, in Fig. 26A, nl and n2
represent the following directions:

15 Direction nl: direction perpendicular to the sloped
surface ¢f the triangular pillar formed in the PET film

Direction n2: direction perpendicular to the principal
surface of the PET film (i.e., direction of thickness of the
PET film)

20 Fig. 26B is an illustration to explain a method of
measuring a mean film thickness of each layer in the
wavelength selective reflecting layer in COMPARATIVE EXAMPLE
2.

The mean film thickness of each layer in the

25 wavelength-selective reflecting layer in COMPARATIVE EXAMPLE



reflecting layer on the upper reflecting layer Spl or the lower reflecting layer Sp2 can be reduced. On
the other hand, in COMPARATIVE EXAMPLE 1 in which 20 the directional reflecting surface is formed
by the symmetrical triangular pillars, the mean film thicknesses of the wavelength selective reflecting
layers on both the upper reflecting surface and the lower reflecting surface are increased. Further, in
COMPARATIVE EXAMPLE 2 in which the 25 directional reflecting surface is formed by the corner
cubes, - 105 - SP300049 the mean film thickness of the wavelength selective reflecting layer is
increased on each of three triangular surfaces formgig the corner cube. Thus, when the directional
reflecting surface is formed 5 by the asymmetrical triangular pillars, the mean film gnickness of the
wavelength selective reflecting layer can be reduced as a whole in comparison with that when the

directional sefledlingsifaceds farmed Ry e symmetricaldianguiar pilarsarithe comer gubes.
Consequently, the 10 optical film can be manufactured at a lower cost. <5. Relationship of wavelength
versus upwarehigflactanee (IRSTUXAMPME=8)-f Arupwars-teflegtarice was-tetermines with
simulation that was performed as described below by using the 15 illumination design analysis
software Ligiht ¥8dzamatie BYEORA. formirst, auestisssl téfscting Betaceh&\RAg tid folowing

setting conditions was set; , , ,
thickness t2 of each layer in a direction n2 was measured at

5 a midpoint of a perpendicular line with respect to a
triangle forming the corner cube by using a TEM. The
measurement wag repeated at arbitrary 10 points on the
optical film, and measured values were simply averaged
{arithmetically averaged), thereby obtaining the mean film

10 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
surface of a triangular pyramid, to a subtense (i.e., a
bottom side of the triangular pyramid). The reason why the

15 film thickness is measured by specifying the measurement
position as described above resides in that, when the film
thickness of the wavelength selective reflecting layer
formed on the corner cube is measured, the film thickness
differs depending on a position on the triangle forming the

20 corner cube as illustrated in Fig. 26B. Note that, in Fig.
268, nl and n2 represent the following directions:

Direction nil: direction perpendicular to the sloped
surface of the corner cube formed in the PET film
Direction n2: direction perpendicular to the principal

25 surface of the PET film {(i.e., direction of thickness of the



Type of prism pattern: prism pattern 1 20Type of reflecting layer: totally reflecting layer Film
thickness: film thickness dl on the upper sloped surface and film thickness on the lower sloped surface
d2 were constant Next, an imaginary sunlight source (color temperature 25 of 6500K and
wavelengths of 380 to 1200 nm) was set as a - 106 - SP300049 light source P, and an upward
reflectance was determined in the above-mentioned range of wavelengths with light being incident on
the directional reflecting surface from the direction of the incident angle (Go,= (60, 0). The 5 result is
depicted in Fig. 28A. (TEST EXAMPLE 9) An upweagd reflectance was determined at each wavelength
in a similar manner to that in TEST EXAMPLE 8 except for modifying the setting cendittansiof the
directional 10 reflecting surface as follows. The result is depicted in Fig. 28B. Type of prism pattern:

prism patteyf2 £ 1m)

Fig. 27A illustrates mean film thicknesses {(film
thicknesses dl on the upward sloped surface) of the layers
in the wavelength selective reflecting layer formed on the

5 upward sloped surface Spl (see Fig. 18) in each of EXAMPLES
3 and 4 and COMPARATIVE EXAMPLES 1 and 2. Fig. 27B
illustrates mean film thicknesses (film thicknesses d2 on
the downward sloped surface) of the layers in the wavelength
selective reflecting layver formed on the downward sloped

10 surface 8p2 (see Fig. 18) in each of EXAMPLES 1 and 2 and
COMPARATIVE EXAMPLES 1 and 2.

The following points are understood from Figs. 27A and
278,

In EXAMPLES 3 and 4 in which the directional reflecting

15 surface igs formed by the asymmetrical triangular pillars,
the mean film thickness of the wavelength selective
reflecting layer on the upper reflecting layer Spl or the
lower reflecting laver Sp2 can bhe reduced.

Onn the other hand, in COMPARATIVE EXAMPLE 1 in which

20 the directional reflecting surface is formed by the
symmetrical triangular pillars, the mean film thicknesses of
the wavelength selective reflecting layers on both the upper
reflecting surface and the lower reflecting surface are
increased. Further, in COMPARATIVE EXAMPIE 2 in which the

25 directional reflecting surface is formed by the corner cubes,



Type of reflecting layer: totally reflecting layer Film thickness: film thickness dl on the upper
sloped 15 surface and film thickness on the lower sloped surface d2 were constant (TEST EXAMPLE
10) An upward reflectance was determined at each wavelength in a similar manner to that in TEST
EXAMPLE 8 except for 20 modifying the setting conditions of the directional reflecting surface as
follows. The result is depicted in Fig. 28C. Type of prism pattern: prism pattern 3 Type of reflecting
layer: totally reflecting layer 25Film thickness: film thickness dl on the upper sloped - 107 - SP300049
surface and film thickness on the lower sloped surfaee d2 were constant

10

15

20

25

SP300045

the mean film thickness of the wavelength selective
reflecting layer is increased on each of three triangular
surfaces forming the corner cube.

Thus, when the directional reflecting surface is formed
by the asymmetrical trianguiar pillars, the mean film
thickness of the wavelength selective reflecting layer can
be reduced as a whole in comparison with that when the
directional reflecting surface is formed by the symmetrical
triangular pillars or the corner cubes. Consequently, the
optical film can be manufactured at a lower cost.
<5. Relationship of wavelength versgus upward reflectances
(TEST EXAMPLE 8)

An upward reflectance was determined with simulation
that was performed as described below by using the
illumination design analysis software Light Tools made by
ORA.

First, a directicnal 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 d1 on the upper sloped
surface and film thickness on the lower sloped surface 4z
were constant

Next, an imaginary sunlight source (color temperature

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



The following points are understood from Figs. 28A to 28C. 5In TEST EXAMPLES 8 to 10 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. In particular, the
increasing tendency of the upward 10 reflectance is significantly greater in TEST EXAMPLE 9. (TEST
EXAMPLE 11) An upward reflectance was determined at each wavelength in a similar manner to that
in TEST EXAMPLE 8 except for causing light to be incident on the directional reflecting 15 surface
from the direction of the incident angle (00, (1)) = @@¢0)-or (60, 0). The result is depicted in Fig. 28B.
The following points are understood from Fig. 28B.  The upward reflectance is |@wenatthe incident
angle (00, 4)) = (40, 0) than at the incident angle (Os, 4)) = (60, 20 0). In other words, an increase in

the upward reflectance,dpa Ipnggrwayelengifyband-isrreduead abagmalles incideni &09i,00. <6.
Relationship of incident angle versus upward reflectance> 25(TEST EXAMPLE 12)
the above-mentioned range of wavelengths with light being
incident on the directional reflecting surface from the
direction of the incident angle (0, ¢) = (60°, 0° . The
5 result is depicted in Fig. 28A.
(TEST EXAMPLE 9)

An upward reflectance was determined at each wavelength
in a gimilar manner to that in TEST EXAMPLE 8 except for
modifying the setting conditions of the directional

10 reflecting surface ag follows. The result is depicted in
Fig. 28B.

Type of prism pattern: prism pattern 2

Type of reflecting layer: totally reflecting layer

Film thickness: film thickness dl on the upper sloped

15 surface and film thickness on the lower sloped surface d2
were constant
(TEST EXAMPLE 10)
An upward reflectance was determined at each wavelength
in a similar manner to that in TEST EXAMPLE 8 except for
20 modifying the setting conditions of the directional
reflecting surface as follows. The result is depicted in
Fig. 28C.
Type of prism pattern: prism pattern 3
Type of reflecting layer: totally reflecting layer

25 Film thickness: film thickness dl on the upper sloped



- 108 - 5P3 00049  An upward reflectance was determined with simulation that was performed as
described below by using the illumination design analysis software Light Tools made by ORA. 5First, 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 10 surface and film thickness on the lower sloped surface d2 were 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 waggetermined 15 with light being incident on the
directional reflecting surface from the direction over a range of the incident angle (83 o, 0) to
(80, 0). The result is depicted in Fig. 29A. (TEST EXAMPLE 13) 20An upward reflectance was

determined,ifi-2 SIS £51m thickness on the lower sioped surface a@2
were constant

The following points are understood from Figs. 28A to
28C.

5 In TEST EXAMPLES 8 to 10 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. In
particular, the increasing tendency of the upward

10 reflectance is significantly greater in TEST EXAMPLE 9.
(TEST EXAMPLE 11)

An upward reflectance was determined at each wavelength
in a similar manner to that in TEST EXAMPLE 8 except for
causing light to be incident on the directicnal reflecting

15 surface from the direction of the incident angle (8;, ¢} =
{40°, 0°) or (60°, 0°). The result is depicted in Fig. 28B.

The following points are understood from Fig. 28B.

The upward reflectance is lower at the incident angle
(B, ¢) = (40°, 0°) than at the incident angle (8;, ¢) = (60°,

20 0% . In other words, an increase in the upward reflectance
in a longer wavelength band is reduced at a smaller incident
angle 8.
<6. Relationship of incident angle wversus upward
reflectance>

25 (TEST EXAMPLE 12)



manner to that in TEST EXAMPLE 12 except for modifying the type of the reflecting layer to the
wavelength selective reflecting layer. The result is depicted in Fig. 29A. As seen from Fig. 29A, there is
a similar tendency in 25 dependence of the upward reflectance on the incident angle - 109 -
SP300049 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 transiently
drop near the incident 5 angle 40 regardless of which type of the reflecting layer is used. <7.
Relationship of wavelength and incident angle vensus upward reflectance> (TEST EXAMPLE 14) 10An
upward reflectance was determined with simulation that was performed as describeeinaiowdy using
the illumination design analysis software Light Tools made by ORA. First, a directional reflecting

surface having thg, 13 fQllowing setting:conditionsag eeb-mined with simulation

that was performed as described below by using the
illumination design analysis software Light Tools made by
ORA.
5 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

10 surface and film thickness on the lower slioped surface 42

were 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

15 with light being incident on the directional reflecting
surface from the direction over a range of the incident
angle (6,, ¢} = (0°, 0°) to (80°, 0° . The result is depicted
in Fig. 29A.

(TEST EXAMPLE 13)

20 An upward reflectance was determined in a similar
manner to that in TEST EXAMPLE 12 except for modifying the
type of the reflecting layer to the wavelength selective
reflecting layer. The result is depicted in Fig. 29A.

Ag seen from Fig. 29A, there is a similar tendency in

25 dependence of the upward reflectance on the incident angle



Type of prism pattern: prism pattern 2 Type of reflecting layer: wavelength selective reflecting layer
Film thickness: film thickness dl on the upper sloped 20 surface and film thickness on the lower sloped
surface d2 were constant Next, an imaginary sunlight source (color temperature of 6500K and
wavelengths of 380 to 1200 nm) was setasa  light source P, and an upward reflectance was
determined 25 with light being incident on the directional reflecting - 110 - SP300049 surface from the
direction over a range of the incident angle (00, 0) = (0, 0) to (80, 0). The result is depicted in Fig. 29B.
As seen from Fig. 29B, there is a peak of the upward 5 reflectance near the incident angle 60 in a
wavelength band of 1100 to 1200 nm. By considering the above-described residtsin@c4 9
comprehensive manner, the following points are understood regarding the prism patterns 1 to 3.

10Because of flawngihe asymmetdealshapgqgthe.psm patter1 has ey larga difference in film
thickness between

selective reflecting layer and when the reflecting layer is
the totally reflecting layer. In other words, the upward
reflectance tends to transiently drop near the incident

5 angle 40° regardless of which type of the reflecting layer
is used.
<7. Relationship of wavelength and incident angle versus
upward reflectances>
{TEST EXAMPLE 14)

10 An upward reflectance was determined with simulation
that was performed as described below by using the
illumination design analysis software Light Tools made by
ORA .

First, a directional reflecting surface having the
15 following setting conditions was set:
Type of prism pattern: prism pattern 2
Type of reflecting layer: wavelength selective
reflecting layer
Film thickness: film thickness dl1 on the upper sloped

20 surface and film thicknegs on the lower sloped surface dz

were 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

25 with light being incident on the directiocnal reflecting



the two sloped surfaces. The upward reflectance tends to become smaller than that obtained with the
prism pattern 2. When the totally reflecting layer is used as the reflecting 15 layer, the prism pattern 1
is preferably used as the prism pattern.  The prism pattern 1 also has the asymmetrical shape, but it
has a smaller difference in film thickness between the two sloped surfaces than that in the prism
pattern 1. 20 The reflectance obtained with the prism pattern 2 can be increased to 50% or higher in
the infrared range (not shorter than about 1150 nm). Because of having the symmetrical shape,
the prism pattern 3 has no difference in film thickness between the 25 two sloped surfaces. The
reflection performance with the SP300049 totally reflecting layer is low, and a higls npweace peflectance
cannot be obtained with the wavelength selective reflecting layer as well. While the embodiments of

the presentifventian payg S heen describedHindetail aboys, e Bresent invgatigR jsnot limited to the
above-described embodiments and can be variously modified on the basis of the technical concept of

the presendityeati@f, Fopexamidé, the’ constructions, ti¢ methods rtheshapes, 2 thecmaderials, the
numerical values, etc. explained in the foregoing embodiments are merely mentioned for illustrative
purpose, ahd différent 8Bnstructions, methods, shapes, materials, numerical values, etc. may also be

used when necessary. 15A|§0, the c,onstr# %onst' the above-descﬂbedfera?odiments gan be
combined with edth &tReF withdlUt dégarti § ront e Scope S tRE present invention. -

5 reflectance near the incident angle 60° in a wavelength band
of 1100 to 1200 nm.

By considering the above-described results in a
comprehensive manner, the following points are understood
regarding the prism patterns 1 to 3.

10 Because of having the asymmetrical shape, the prism
pattern 1 has a large difference in film thickness between
the two sloped surfaces. The upward reflectance tends to
become smaller than that obtained with the prism pattern 2.
When the totally reflecting layer is used as the reflecting

15 layer, the prism pattern 1 is preferably used as the prism
pattern.

The prism pattern 1 also has the asymmetrical shape,
but it has a smalier difference in film thickness between
the two sloped surfaces than that in the prism pattern 1.

20 The reflectance obtained with the prism pattern 2 can be
increased to 50% or higher in the infrared range (not
shorter than about 1150 nm) .

Because of having the symmetrical shape, the prism
pattern 3 has no difference in film thickness between the

25 two sloped surfaces. The reflection performance with the



Further, while the foregoing embodiments have been described, by way of example, in connection with
the case 20 where the window blind and the rolling screen device are manually operated, the window
blind and the rolling screen device may be electrically operated. Still further, the foregoing
embodiments have been described, by way of example, in connection with the case 25 where the
optical film is affixed to the adherend, such as - 112 - SP300049 the window member. However, the
adherend, such as the window member, may be constituted as the first optical layer or the second
optical layer itself of the optical film. That modificaiion enables the optical body, such as the 5 window
member, to have the directional reflection function in advance. Still further, whikesthedoregoing
embodiments have been described, by way of example, in connection with the case where the optical

body is the.gptical fim.Jbe shapg 0 afibe opticalhpdy.is Aok imitgd to.fiimgand the optical body

may have a plate- or block-like shape. While the foregoing embodiments have been described, by
way of examdie sontcanaectemmith the case avhesd the presehtinventdreissappliedte e inderior or
exterior 15 members, such as the window member, the fitting, the slat of the window blind, and the
screen of the ¥oIfiR§ sBfekpd@licéth¥didsent invention is not limited to those applications and is

further applicable 5%,(r)lther 'Eé\terior an ,exteréor memhers than thetabove-degcribe% ones. 20Examples
of the interior or &Xt&réT ﬁb%‘??? which-® © & present invention have

5 been described in detail above, the present invention is not
limited to the above-described embodiments and can be
variousgsly modified on the basgig of the technical concept of
the present invention.

For example, the constructions, the methods, the shapes,

16 the materials, the numerical values, etc. explained in the
foregoing embodiments are merely mentioned for illustrative
purpose, and different constructions, methods, shapes,
materials, numerical values, etc. may also be used when
necessary.

15 Also, the constructions in the above-described
embodiments can be combined with each other without
departing from the scope of the present invention.

Further, while the foregoing embodiments have been
described, by way of example, in connection with the case

20 where the window blind and the rolling screen device are
manually operated, the window blind and the rolling screen
device may be electrically operated.

Still further, the foregoing embodiments have been
described, by way of example, in connection with the case

25 where the optical film is affixed to the adherend, such as



the optical body according to the present invention can be applied include an interior or exterior
member constituted by the optical body itself, and an interior or exterior member constituted by a
transparent base to which the 25 directional reflector is affixed. By installing such an - 113 -
SP300049 interior or exterior member indoors near a window, it is possible, for example, to
directionally reflect only an infrared ray to the outdoor and to take visible light into the indoor.
Accordingly, even when the interior or exterior 5 member is installed, necessity of indoor lighting is
reduced. Further, since the interior or exterior memiper hardly causes scatter reflection toward the
indoor side, a temperature rise in the surroundings can be suppressed. In additiongsthecaptical body
may be applied to other affixing target 10 members than the transparent base depending on the

required puiposg oh ol examBler contiqlingvisibilitandiarincreasing, sikengthe Sl further, while the
foregoing embodiments have been described, by way of example, in connection with the 15 case

where the piesdniinventer is applidsktocthesvindawdidlind andibe fallisg soreehadelides e present
invention is not limited to those applications and is further applicable to various types of solar shading
devices inStElldd m rOBARNGT iABBAR2 DOSAN FIHHer SHhfle tHe for€yding eRbodihéRts have been
described,

Hy wa of exam Ieiin conn ion wiﬁhethe ase of gclying the Lglreseng}rllvention to the
solar shadii a&e\ﬁ‘(?edfe.&f%i?e it 8&eeR deliteyWner 0%1 gggré’é at Whith tfe sofar shading
Tﬂemh§fU&§ﬁﬁﬂ@eﬁgﬂggQ{MKE have the directional reflection function

in advance.

Still further, while the foregoing embodiments have
been described, by way of example, in connection with the
case where the optical body is the optical film, the shape

10 of the optical body is not limited to a f£ilm, and the
optical body may have a plate- or block-like shape.

While the foregoing embodiments have been described, by
way of example, in connection with the case where the
present invention is applied to the interior or exterior

15 members, such as the window member, the fitting, the slat of
the window blind, and the screen of the rolliing screen
device, the present invention is not limited to those
applications and is further applicable to other interior and
exterior members than the above-described ones.

20 Examples of the interior or exterior members to which
the optical body according to the present invention can be
applied include an interior or exterior member constituted
by the optical body itself, and an interior or exterior
member constituted by a transparent base to which the

25 directional reflector is affixed. By installing such an



25 can be adjusted by taking up or letting out the solar - 114 - SP300049 shading member, the
present invention is not limited to those applications. For example, the present invention is further
applicable to a solar shading device where a degree at which a solar shading member cuts off the
incident light 5 can be adjusted by folding the solar shading member. One example of such a solar
shading device is a pleated screen device where a cutoff degree of the incident light can be adjusted
by folding a screen as the solar shading member in the form of bellows. 10Still further, while the
foregoing embodiments have been described, by yway of example, in connection with the case where
the present invention is applied to a horizontal-type window blind (Venetian window plgd); 4ke present
invention is further applicable to a vertically long window 15 blind (vertical window blind). Explanation

of Referengg Numeyals, 1. oplical,fing,2 qeiigallavel dwawelaagth seleatiygsgflegting;layer 204 first
optical layer

possible, for example, to directionally reflect only an

infrared ray to the outdoor and to take visible light into

the indoor. Accordingly, even when the interior or exterior

5 member is installed, necessity of indoor lighting is reduced.

Further, since the interior or exterior member hardly causes

scatter reflection toward the indoor side, a temperature

rise in the surroundings can be suppressed. In addition,

the optical body may be applied to other affixing target

10 members than the transparent base depending on the required
purpose of, for example, controlling visibility and/or
increasing strength.

Stiill further, while the foregoing embodiments have
been described, by way of example, in connection with the

15 case where the present invention is applied to the window
blind and the rolling screen device, the present invention
is not limited to those applications and is further
applicable to wvaricus types of solar shading devices
installed in rooms or indoors.

20 Still further, while the foregoing embodiments have
been described, by way of example, in connection with the
case of applying the present invention 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

25 can be adjusted by taking up or letting out the solar



4a first base 5 second optical layer 5a second base 6 affixing layer 257 peel-off layer - 115 -

SP300049 8 hard coat layer 9 reflecting-layer affixed optical layer Si incident surface S2 emergent
surface - 116 -

- 114 -
Sp300049

shading member, the present invention is not limited to
those applications. For example, the present invention is
further applicable to a solar shading device where a degree
at which a solar shading member cuts off the incident light

5 can be adjusted by folding the solar shading member. One
example of such a solar shading device is a pleated screen
device where a cutoff degree of the incident light can be
adjusted by folding a screen as the solar shading member in
the form of bellows.

10 Still further, while the foregoing embodiments have
been described, by way of example, in connection with the
case where the present invention is applied to a horizontal-
type window blind (Venetian window blind), the present
invention ig further applicable to a vertically long window

15 Dblind (vertical window blind).

Explanation of Reference Numerals
1 optical film
2 optical layer
3 wavelength sgelective reflecting layer
20 4 first optical layer
4a first base
5 second optical layer
5a second base
6 affixing layer

25 7 peel-off layer



5P3 00049 CLAIMS [Claim 1] An optical body comprising: a first optical layer having a
concave-convex surface; 5a wavelength selective reflecting layer formed on the concave-convex
surface; and  a second optical layer formed on the wavelength selective reflecting layer and
embedding the concave-convex surface, 10wherein the wavelength selective reflecting layer
selectively directionally reflects light in a particular wavelength band while transmitting light other than
the particular wavelength band therethrough, the concave-convex surface is made up of a plurality of
15 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 fagpniba (l)or (2)
given below: -3.6a + 396p80 (85a90) 20a - 30p-a + 170 (90a100)

8 hard coat layer
9 reflecting-layer affixed optical layer
S1 incident surface

82 emergent surface



[Claim 2] An optical body comprising:  a first optical layer having a concave-convex surface; a
wavelength selective reflecting layer formed on the 25 concave-convex surface; and - 117 -
SP300049 a second optical layer formed on the wavelength selective reflecting layer and
embedding the concave-convex surface, wherein the wavelength selective reflecting layer 5 selectively
directionally reflects light in a particular wavelength band while transmitting light other than the
particular wavelength band therethrough,  the concave-convex surface is made up of a plurality of
triangular pillars arrayed in a one-dimensional patterg, and 10the triangular pillar has an apex angle a
and a slope angle p, the apex angle a and the slope angle p satisfying a formula (¥mrd4)gven below:
30pa - 50 (80a90)-(3) 30p-a + 130 (90a100)_(4)

CLAIMS

[{Claim 1]

An optical body comprising:

a first optical layer having a concave-convex surface;

5 a wavelength selective reflecting layer formed on the

concave-convex surface; and

a second optical layver formed on the wavelength
selective reflecting layer and embedding the concave-convex
surface,

10 wherein the wavelength selective reflecting layer
selectively directionally reflects light in a particular
wavelength band while transmitting light other than the
particular wavelength band therethrough,

the concave-convex surface is made up of a plurality of
15 triangular pillars arrayed in a one-dimensional pattern, and
the triangular pillar hag an apex angle o and a slope
angle P, the apex angle o and the slope angle P satisfying a
formula (1) or {(2) given below:
-3.60 + 396 < B £ 80 (85 £ a < 90) W (1)

20 o - 30 2P <L -+ 170 (90 £ o < 100) . (27

[Cilaim 2]
An optical body comprising:
a first optical layer having a concave-convex surface;
a wavelength selective reflecting layer formed on the

25  concave-convex surface; and



15[Claim 3]  The optical body according to Claim 1 or 2, wherein the triangular pillar has a first
sloped surface and a second sloped surface on each of which the wavelength selective reflecting layer
is formed, and 20film thicknesses of the wavelength selective reflecting layers formed on the first
sloped surface and the second sloped surface are substantially the same. [Claim 4] The optical
body according to Claim 1 or 2, wherein a 25 transmission image clarity measured for the light of -
118 - 5P3 00049 transmission wavelengths in conformity with JIS K-7105 by using an optical comb of
0.5 mm is 50 or more. [Claim 5] The optical body agcprding to Claim 1 or 2, wherein a 5 total value of
transmission image clarity measured for the light of transmission wavelengths in ceiforpity, with JIS
K7105 by using optical combs of 0.125, 0.5, 1.0 and 2.0 mm is 230 or more. [Claim 6]

a second optical layer formed on the wavelength
gselective reflecting layer and embedding the concave-convex
gurface,

wherein the wavelength selective reflecting laver

5 selectively directionally reflects light in a particular
wavelength band while transmitting light other than the
particular wavelength band therethrough,

the concave-convex surface is made up of a plurality of
triangular pillars arrayed in a one-dimensional pattern, and

10 the triangular pillar has an apex angle o and a slope
angle B, the apex angle o and the slope angle B satisfying a
formula (3) or {(4) given below:

30

1A
IA

B <a - 50 (80 =« 90) ~(3)

30

I

P £ - + 130 (90 £ o £ 100) . 14)
15 [Claim 3]

The optical body according to Claim 1 or 2, wherein the
triangular pillar has a first sloped surface and a second
sloped surface on each of which the wavelength selective
refiecting layer is formed, and

20 film thicknesses of the wavelength selective reflecting
layers formed on the first sloped surface and the second
sloped surface are substantially the same.

[Claim 4}
The optical body according to Claim 1 or 2, wherein a

25 transmisgion image clarity measured for the light of



10The optical body according to Claim 1 or 2, wherein the optical body directionally reflects, of light
entering an incident surface at an incident angle (0O, O, the light in the particular wavelength band in a
direction (00, -4)) (0 < 00 < 90) while transmitting the light other than the 15 particular wavelength
band therethrough (where 0: an angle formed by a perpendicular line with respect to the incident
surface and incident light entering the incident surface or reflected light emerging from the incident
surface, and (I): an angle formed by a particular linear line in the incident 20 surface and a component
resulting from projecting the incident light or the reflegted light to the incident surface). [Claim 7]

The optical body according to Claim 1 or 2, wherein the 25 wavelength selective reflegting layer is a
transparent - 119 - SP300049 electroconductive film containing, as a main component, an

electioconglcive,mateyigh MayingSPRLEGY IAaMSIDIE I tyange. £ & fingianalfim containing,
ichre '

as a main component, a chromic material of w lection 5 performance Is reversibly changed
upon appligatieyotan exteraalistivasys.dElaimsBlnm i d he®piisatiady. according to Claim 1 or 2,

wherein a pitch of the triangular pillars is 5 um or larger and 5 mm 10 or smaller. [Claim 9] The optical
body accortiiigtonCtaim 1 or 2, wherein a
The optical body according to Claim 1 or 2, wherein a
5 total value of transmission image clarity measured for the

light of transmigsion wavelengths in conformity with JIS K-

7105 by using optical combs of 0.125, 0.5, 1.0 and 2.0 mm is

230 or more.

[Claim 6]

10 The optical body according to Claim 1 or 2, wherein the
optical body directionally reflects, of light entering an
incident surface at an incident angle (08, ¢), the light in
the particular wavelength band in a direction (8,, -¢) (0° <
8, < 90°) while transmitting the light other than the

15 particular wavelength band therethrough (where 6: an angle
formed by a perpendicular line with respect to the incident
surface and incident light entering the incident surface or
reflected light emerging from the incident surface, and ¢:
an angle formed by a particular linear line in the incident

20 surface and a component resulting from projecting the
incident light or the reflected light to the incident
surface) .

[Claim 7]
The optical body according to Claim 1 or 2, wherein the

25 wavelength selective reflecting layer is a transparent



difference in refractive index between the first optical layer and the second optical layer is 0.010 or
less. 15[Claim 101 The optical body according to Claim 1 or 2, wherein an absolute value of
difference between chromaticity coordinates x and an absolute value of difference between
chromaticity coordinates y of light, which is incident on 20 one of both surfaces of the optical body at
the incident angle of 5 or larger and 60 or smaller and which is specularly reflected by the optical body,
is 0.05 or smaller for each of both the surfaces. [Claim 11] 25The optical body according to Claim 1 or
2, wherein the - 120 - SP300049 first optical layerard the second optical layer are made of the same
resin having transparency in a visible light range, and the second optical layer containsyan additive.
[Claim 12] 5The optical body according to Claim 1 or 2, wherein at least one of the first optical layer

and the segqad pplicalloyrsabserts ihtd aarioe: wavelsnalhband RS ¥l ioht range.
[Claim 13] 10The optical body according to Claim 1 or 2, wherein an

electroconductive material having transparency in a visible

light range, or a functional film containing, as a main

component, a chromic material of which reflection

5 performance is reversibly changed upon application of an

external stimulus.

[Ciaim 8]

The optical body according to Claim 1 or 2, wherein a
pitch of the triangular pillars is 5 pum or larger and 5 mm

10 or smaller.
[Claim 9]

The optical body according to Claim 1 oxr 2, wherein a
difference in refractive index between the first optical
layer and the second optical layer is 0.010 or less.

15 [Claim 10]

The optical body acceording to Claim 1 or 2, wherein an
absolute value of difference between chromaticity
coordinates x and an absolute value of difference between
chromaticity coordinates y of light, which is incident on

20 one of both surfaces of the optical body at the incident
angle of 5° or larger and 60° or smaller and which is
specularly reflected by the optical body, is 0.05 or smaller
for each of both the surfaces.

[Claim 131}

25 The optical body according te Claim 1 or 2, wherein the



optical layer is formed by the first optical layer and the second optical layer, and the optical body
further comprises a light scatterer in at least one of positions on a surface of the optical layer, 15 inside
the optical layer, and between the wavelength selective reflecting layer and the optical layer. [Claim
14] The optical body according to Claim 1 or 2, further ~ comprising a water-repellent or hydrophilic
layer on an 20 incident surface of the optical body. [Claim 15] The optical body according to Claim
1 or 2, wherein the optical body directionally reflects the light in the particular wavelength band to be
kept from entering a 25 predetermined space, whilg,gransmitting the light other than - 121 - SP300049
the particular wavelength band therethrough to be taken into the predetermined spags ([§4aign 16]

first optical layer and the second optical layer are made of
the same resin having transparency in a visible light range,
and the second optical layer contains an additive.

[Claim 12]

5 The optical body according to Claim 1 or 2, wherein at
least one of the first optical layer and the second optical
layer absorbs light in a particular wavelength band within a
visible light range.

[Claim 13]

10 The optical body according to Claim 1 or 2, wherein an
optical layer is formed by the first optical layer and the
second optical layer, and

the optical bedy further comprises a light scatterer in
at least one of positions on a surface of the optical layer,

15 inside the optical layer, and between the wavelength
selective reflecting layer and the optical laver.

[Claim 14]
The optical body according to Claim 1 or 2, further
comprising a water-repellient or hydrophilic layer on an

20 incident surface of the optical body.

{Claim 15]

The optical body according to Claim 1 or 2, wherein the
optical body directionally reflects the light in the
particular wavelength band to be kept from entering a

25 predetermined space, while transmitting the light other than



The optical body according to Claim 1 or 2, wherein the 5 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. [Claim 17] A window member including the optical body according to 10 Claim 1 or 2.
[Claim 18] The window member according to Claim 17, wherein the optical body is arranged such
that a ridgeline direction of the triangular pillar is substantially orthogonal to a 15 direction of height of
a building. [Claim 19]  The window member according to Claim 17, wherein the optical body is
arranged such that, in each of the triangular pillars, the slope angle p is positioned above 20 the apex
angle a. [Claim 20] A fitting including the optical body according to Claim 1 or 2 in & Higtg gortion
thereof.

the particular wavelength band therethrough to be taken into
the predetermined space.
[Claim 16]
The optical body according to Clilaim 1 or 2, wherein the
5 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.
[Claim 17]

A window member including the optical body according to

19 Claim 1 or 2.
[Claim 18]

The window member according to Claim 17, wherein the
optical body is arranged such that a ridgeline direction of
the triangular pillar is substantially orthogonal to a

15 direction of height of a building.
[Claim 19]

The window member according to Claim 17, wherein the
optical body is arranged such that, in each of the
triangqular pillars, the slope angle P is positioned above

20 the apex angle «o.
[Claim 20]

A fitting including the optical body according to Claim
1 or 2 in a lighting portion thereof.

[Claim 21]

25 A solar shading device comprising one or plural solar



[Claim 21] 25A solar shading device comprising one or plural solar - 122 - SP300049 shading
members which cut off sunlight,  wherein the solar shading member includes the optical body
according to Claim 1 or 2. [Claim 22] 5A building including the optical body according to Claim 1 or 2,
wherein the optical body is arranged such that, in each of the triangular pillars, the slope angle p is
positioned above the apex angle a. 10

- 122 -
SP3060049

shading members which cut off sunlight,

wherein the solar shading member includes the optical
body accerding to Claim 1 or 2.
[Claim 22]

5 A building including the optical body according to

Claim 1 or 2,

wherein the optical body is arranged such that, in each
of the triangular pillars, the slope angle P is positioned
above the apex angle a.

10



