OPTICAL DEVICE, SUN SCREENING APPARATUS, FITTING, WINDOW MATERIAL, AND
METHOD OF PRODUCING OPTICAL DEVICE Background of the Invention 1. Field of the Invention
The present invention relates to an optical device configured to partially reflect incident light, for
example, an optical device configured to have visible part of incident light passed therethrough, and to
reflect infrared part of incident light in a specific direction, a sun-screening apparatus provided with the
optical device, a fitting provided with the optical device, a window material provided with the optical
device, and a mghadgf Moy RG TGP ORGA IRUCS 2 ResRRop Al Belgier A, I
recent years, there have been increasing the number of cases in which architectural window glass of
high-rise buildings, residsrisdhousemansrheadke cndrenodanglassareprovided vith a layer
configured to partially absorb or reflect sunlight. This structure, provided as one of energy efficiency
measures for preventing global warming, can reduce load of air conditioner by suppressing the rise of

room temperature resulting from Ilggggﬂgggg&%sbng t@][l%ugpn@eenvi\:/lfglgw from the sun.

1. Field of the Invention

The present invention relates to an optical device
configured to partially reflect incident light, for example,
an optical device configured to have visible part of
incident iight passed therethrough, and to reflect infrared
part of incident light in a specific direction, a sun-
screening apparatus provided with the optical device, a
fitting provided with the optical device, a window material
provided with the optical device, and a method of
manufacturing the optical device.
2. Description of the Related Art

In recent years, there have been increasing the number
of cases in which architectural window glass of high-rise
buildings, residential house and the like, and vehicular
glass are provided with a layer configured to partially
absorb or reflect sunlight. This structure, provided as
one of energy efficiency measures for preventing glcbal
warming, can reduce load of air conditioner by suppressing
the rise of room temperature resulting from light energy
passing through the window from the sun.

As one exanmple of the structure configured to screen
near-infrared light while maintaining a light transmissive
property in the range of visible light, there are known a

layer having a high reflection factor in the range of near-
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As one example of the structure configured to screen near-infrared light while maintaining a light
transmissive property in the range of visible light, there are known a layer having a high reflection
factor in the range of near- infrared light is provided on a window glass (see International Patent
Application Laid-Open Publication No. W02005/087680), and a layer having a high absorption factor in
the range of near-infrared light is provided on a window glass (see Japanese Patent Application
Laid-Open Publication No. H06-299139) are provided on a window glass. As another example, a

transmissive wavelength-selggtive teqursive seflector is used far a raffic sign or the like, not for a

window glass. This recursive reflector is configured to have an optical structure layer to recursively
reflect light inTanspecificwauelengtht rangenwhile having visbie ightpassediherethrough (see
Japanese Patent Application Laid-Open Publication No. 2007- 10893). This recursive reflector is
configured to Ragd (21%/ Siticar Structiré' e REiRg HECHFsiVe PefietiBh stueturera aveiehgth

selective reflection avey fotmed alojg the feeyisive fellegion UGS, and an gplicaly ranomissive
resin layer in which the recursive reflection structure is embedded. The optTcaIIeransmlsswe resin
layer is formediafstor example,ramenergydisam curable resin.csummiady of the Invention However,
the structure disclosed in Japanese Patent Ap lication Laid-Open Publication No. 2007-10893 cannot
reduce residualStréSSAREFINEendlgf beam-curabfeire sz GLPed. Thereforé hevstrmiceure tends to

Causedeuﬂ“”ﬁ%@@ﬁ&ﬂ@@%“%@%ﬁgf%Eh%pe%g%ggxggfggnwavelength—selective

recursive reflector is used for a traffic sign or the like,
net for a window glass. This recursive reflector is
configured to have an optical structure layer to
recursively reflect light in a specific wavelength range
while having visible light passed therethrough (see
Japanese Patent Application Laid-Open Publication No. 2007~
10893). This recursive reflector is configured to have an
optical structure layer having a recursive reflection
structure, a wavelength selective reflection layer formed
along the recursive reflection structure, and an optically-
transmissive resin laver in which the recursive reflection
structure 1s embedded. The optically-transmissive resin
tayer is formed of, for example, an energy beam curable

resin.

Summary of the Invention

However, the structure disclosed in Japanese Patent
Application Laid-Open Publication No. 2007-10893 cannot
reduce residual stress after the energy beam curable resin
is cured. Therefore, the structure tends fLo cause

detericration in transmittance of the optical device from
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delamina ion between the wavelength selective reflection layer formed along the recursive reflection
structure and the optically-transmissive resin layer in which the recursive reflection structure is
embedded. In view of the circumstances as described above, it is possible to provide an optical
device that suppresses the rise of surrounding temperature by partially reflecting incident light, and
has high quality in durability without delamination, a sun-screening apparatus, a fitting, a window
material, and a method of manufacturing the optical device. According to an embodiment of the

present invenjon cthere, is;provided,an pptical device including.a shaped laver, an optical function
layer, and an embedding resin layer. The shaped layéer has a structure forming a concave section.
The optical fuhetien lajeris:formedran thesstructures and cosfigureditorpastiallyrefleet ingident light.
The embedding resin layer is made of energy beam curable resin. The embedding resin layer is
configured to Have Afirstiayey Raving At vofnte Shd o secondimyer formelih the first layer. The

second layer has asecond,voluyme; The concave section s é%%% ééth the first layer, a ratio of the

second volume to the first volume being equal to or larger than The structure and the optical
function layer are embeddedvincthetgmbeddingresindayet. as described above, it is

pessible to provide an optical device that suppresses the
rise of surrounding temperature by partially reflecting
incident light, and has high gquality in durability without
delamination, a sun-screening apparatus, a fitting, a
window material, and a method of manufacturing the cptical
device,

According to an embodiment of the present invention,
there is provided an optical device including a shaped
tayer, an optical function laver, and an embedding resin
laver.

The shaped layer has a structure forming a concave
section.

The optical functicn layer is formed on the structure,
and configured to partially reflect incident light.

The embedding resin laver is made of energy beam
curable resin. The embedding resin layer is configured to
have & first layer having a first vclume, and a second
layer formed on the first layer. The second layer has a
second volume. The concave section is filled with the
first layer, a ratio of the second volume to the first
volume being equal to or larger than 5%. The structure and
the optical function layer are embedded in the embedding

resin layer.



At least one of the shaped layer and the embedding resin layer has light transmissive property, and an
entrance surface for the incident light. In the above optical device, the optical function layer is
configured to partially reflect incident light passed into the structure through the entrance surface. The
structure forms a concave section on the surface of the shaped layer. The optical function layer formed
on the structure is configured to reflect light in an incident direction. Therefore, it is possible to
suppress the rise of surrounding temperature in comparison with regular reflection, by reason that the

optical function layer.s designedta.reflectnferied ight. Futher.igpossible topave.a figh level in

visibility, and let in light while suppressing the rise of surrounding temperature, by reason that the
optical functiorekayer iszdesighedstol haves visibie: ighit-passed thergthroygh.and lathe above optical
device, the embedding resin layer can prevent the structure and the optical function layer from

damage and QBfdceicht S4id 8Rfarncs &ty i ddfibiity, ‘byFason that the embedding resin layer
is configured to funcfion.gs.a ng%orﬁ{ggq%ipgég% §ggctuy&%gngl}gl%%(ggt;cq§ &%’%%tiﬂg‘ layer. The
/ M curable re

second layer can reduce residual stress when the energy beam c eresinis cureo:I? and prevent
transmittancelefithe opticabdeévice: freth heingdewered duertordelaminationdeetweendhe optical
function layer and the first laver over a long period of time, by reason that the embedding resin layer is
passed into the structure through the entrance surface.
The structure forms a concave section on the surface of the
shaped layer. The optical function layer formed on the
structure 1s configured to reflect light in an incident
direction. Therefore, it is possible to suppress the rise
of surrounding tempsrature in comparison with regular
reflection, by reason that the optical function laver is
designed to reflect inferred light. Further, it is
possible to have a high level in visibility, and let in
light while suppressing the rise of surrounding temperature,
by reason that the optical function layer is designed to
have visible light passed therethrough.

In the above optical device, the embedding resin laver
can prevent the structure and the optical function laver
from damage and defacement, and enhance quality in
durability, by reason that the embedding resin lavyer is
configured to function as a layer for protecting the
structure and the optical function layer. The second layer
can reduce residual stress when the energy beam curable
resin 1s cured, and prevent transmittance of the optical
device from being lowered due to delamination between the
optical function layer and the first layer over a long

period of time, by reason that the embedding resin layer is



configured to have a first layer with which the concave section is filled, the first layer having a first
volume, and a second layer formed on the first layer, the second layer having a second volume and a
function of connecting the first layers to each other, a ratio of the second volume to the first volume
being equal to or larger than 5%. The structure is not limited in shape, and may have a shape of
prism, cylinder, hemisphere, or corner of a cube, or the like. The energy beam curable resin is
typically made of ultraviolet resin. On the other hand, the energy beam curable resin may be made of

resin which is-curable inJespanse.t-election beam, X:ray, infrared visible Jight. The_shaped layer may

be made of energy beam curable resin, or other matérial such as thermoplastic resin, and
thermo-settinggresinon 1Fhé oplieal device may be fosmed intefimgsheet; osblock, and-may be
attached to an interior or exterior trim or window for architecture or automotive vehicle.

and a second layer formed on the first layer, the second

layer having a second volume and a function of connecting

the first layers to each other, a ratioc of the second

velume to the first volume being egual to or larger than 5%.

The structure is not limited in shape, and may have a
shape of prism, cylinder, hemisphere, or corner of a cube,
or the like,

The energy beam curable resin is typically made of
ultraviolet resin. On the other hand, the energy beam
curable resin may be made of resin which is curable in
response to electron beam, X-ray, infrared light, or
visible light. The shaped laver may be made of energy beam
curable resin, or other material such as thermoplastic
resin, and thermo-setting resin.

The optical device may be formed into £ilm, sheet, or
block, and may be attached to an interior or exterior trim
or window for architecture or automotive vehiclie.

When the ratioc of the second volume tc the first

volume 1s smaller than 5

o0

, 1T may be difficult to reduce
residual resin of the energy beam curable resin by the

second layer. Therefore, it may be difficult to prevent
the delamination between the first layer and the optical
function layer over z long period of time. The second

volume 1s determined on the basis of shrinkage stress of

the energy beam curable resin. It is preferable that the
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When the ratio of the second volume to the first volume is smaller than 5%, it may be difficult to reduce
residual resin of the energy beam curable resin by the second laver. Therefore, it may be difficult to
prevent the delamination between the first layer and the optical function layer over a long period of
time. The second volume is determined on the basis of shrinkage stress of the energy bean, curable
resin, it is preferable that the energy beam curable resin be equal in cure shrinkage ratio to or larger
than 3% in volume. When the energy beam curable resin has a cure shrinkage ratio equal to or larger

than 8% in volymie, & ralioof the-segand.valume o the first vojume mayhe egual o qrlarger than 15%

in volume. When the energy beam curable resin has a cure shrinkage ratio equalto or larger than 13%
in volume, thé satio of. thregseconidaroluirhe ta thefikgstolume may be equal to or larger than 50%.

When the energy beam curable resin is cured, it possible to prevent delamination between the optical
function layer and tRE'first Hyer. e e Hhé Si5tital devies Yay fifther iiftfude &'%a8e member formed on

at least one ofihe shaged layer anddhe empedding Lesia lavey, the base,membey, being .
light-transmissive propérty. It is possible to enhance protection effect for the structure and optical
function layen; anddodavetaghk praductivity.ume to the first volume may be equal

to or larger than 15% in volume. When the energy beam

curable resin has a cure shrinkage ratio equal to or larger

than 13% in volume, the ratio of the second volume to the

first volume may be equal to or larger than 50%. When the

energy beam curable resin is cured, 1t posgsible to prevent

delamination betwesen the optical function layer and the

first layer.

The coptical device may further include a base member
formed on at least one of the shaped layer and ths
empedding resin layer, the base member being light-
transmissive property.

It is possible to enhance protection effect for the
structure and optical function layer, and to have high
productivity.

According to an embodiment of the present invention,
there 1s provided a window material including a first
supperting member, an optical function layer, a second
supperting member, and a window unit.

The first supporting member is configured to have a
structure forming a ccncave section.

The coptical function iaver is formed on the structure,
and configured to partially reflect incident light.

The second supporting member is made of energy beam
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According to an embodiment of the present invention, there is provided a window material including a
first supporting member, an optical function layer, a second supporting member, and a window unit.
The first supporting member is configured to have a structure forming a concave section. The
optical function layer is formed on the structure, and configured to partially reflect incident light. The
second supporting member is made of energy beam curable resin. The second supporting member is
configured to have a first layer having a first volume, and a second layer formed on the first layer. The

second layer s Ganfigured E()Lpaveﬂl%e %)@go\ﬁoéuryg EQ% concave s section. |s filled ywth the JII’SI layer. A

ratio of the second volume to the first volume is equ I"'to orjfar%er thah 5%, The structlre and the
optical functiondayer-aresembedded in/the secendssupporting-mepibers, akhe windowdAit is

connected to the second su%oortlng member.
layver forme he first layer. The second layer is
configured to have a second volume. The concave section is
filled with the first layer. A ratioc of the second volume
to the first veolume is egual to or larger than 5%. The
structure and the optical function layer are embedded in
the second supporting member.

The window unit is connected to the second supporting
member,

The above window material has a high level in
visibility, and is configured to let in light while
suppressing the rise of surrounding temperature, and to
prevent delamination between the optical function laver and
the first layer over a long period of time, and has a high
guality in durability, by reason that the optical function
layer is designed to reflect infrared licht, and to have
visible light passed therethrough.

According to an embodiment ¢f the present invention,
there is provided a manufacturing method for an optical
device, the method including forming a first supporting
member configured to have a structure forming a concave
section. An optical function layer configured to partially
reflect incident light is formed on the structure. &
second supporting member is formed by embedding the
structure and the optical function layer in energy beam
curable resin, and configured to have a first layer having

a first volume, and a second laver formed on the first



The above window material has a high level in visibility, and is configured to let in light while
suppressing the rise of surrounding temperature, and to prevent delamination between the optical
function laver and the first layer over a long period of time, and has a high quality in durability, by
reason that the optical function layer is designed to reflect infrared light, and to have visible light
passed therethrough. According to an embodiment of the present invention, there is provided a
manufacturing method for an optical device, the method including forming a first supporting member
configured to h steycture formi cave section. An optical function layer configured to
partially reflect %#c%c%nt%t ie%éﬁgdgl (%39 t%% 3?36%%. A sseé%ﬁ)a%u%%gﬁ%%’mag%%e?% %Jar%%d by
embedding thesstructurecandtheranticati function 4ayer in esergy=heam curable resinsand,sonfigured to
have a first layer having a first volume, and a second layer formed on the first layer, the second layer
having a secorfeRrBIEmES thid Eofcave SectibA Deing filfstEwith Hie firksgayer @ ratio éfthesecond
volume to the,first volume being equal to or larger than 5%. These and other objects, features and
advantages of the present invention will become more apparent in light of the following detailed
description of best nmodesembodiments thereohcas jllustrated-iadhe agcampanyingdrawings. Brief
Description of Drawings Fig. 1 is a cross-sectional view schematically showing a configuration of
an optical deVice aRd a¥Fédt refld&ing windew provideenwittithis device wesording toigne of

the fecllowing detailed description of best mode embodiments
therecf, as illustrated in the accompanying drawings.

Brief Description of Drawings

Fig. 1 is a cross-sectional view schematically showing
a configuration of an optical device and a2 heat reflecting
window provided with this device according to one

embodiment of the present invention;

L

18]

2 1s a fragmentary perspective view showing one
example of a configuration of a shaped layer of the optical
device;

Fig. 3 1s a fragmentary perspective view showing
another example of the configuration of the shaped laver of
the optical device;

Fig., 4 is a fragmentary plan view showing further
example of the configuration of the shaped layer of the
cptical device;

Fig. 5 i1s a cross-sectional view for explaining a main
part of an embedding resin layer of the optical device;

Fig. 6 1s a cross-sectional view for explaining an
operation of the optical device;

Figs. 7 are cross~sectional views for explaining steps

of a manufacturing method for the optical device according
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embodiment of the present invention; Fig. 2 is a fragmentary perspective view showing one
example of a configuration of a shaped layer of the optical device; Fig. 3 is a fragmentary
perspective view showing another example of the configuration of the shaped layer of the optical
device; Fig. 4 is a fragmentary plan view showing further example of the configuration of the
shaped layer of the optical device; Fig. 5 is a cross-sectional view for explaining a main part of an
embedding resin layer of the optical device; Fig. 6 is a cross-sectional view for explaining an

[ ' ice; igS: 7 s:sectional views for. explaining steps of a
N S ol e SOt lanis sep
Figs. 8 are cross-sectional views for explaining steps
of the manufacturing methed for the optical device
according to the embodiment of the present invention;
Fig. 9 1s a schematic view showing a configuration of
a manufacturing apparatus for the optical device according
to the embodiment of the present invention;
Fig. 10 is a plan view showing a main part of the
manufacturing apparatus shown in Fig.9;
Fig. 11 is a cross-sectional view schematically
showing an example of a configuration of a main part of a

molid tool configured to manufacture the shaped lavyer;

Fig. 12 is a graph showing a relationship between

Ty

voiume ratio of a flat layer of the embedding resin layer

Fh

L

and transmittance change of the optical device subjected to
a high-temperature and nigh-humidity test, which will be
explained in examples of the present invention;

Fig. 13 is a perspective view showing a relationship
between light incident on the optical device and light
reflected from the optical device, which will be explained
in a modified example of the present invention;

Fig. 14 1s a cross-—sectional view showing an example
of a configuration of the optical device according to a

modified example of the present invention;

H

Fig. 15 is a perspective view showing an example of a
configuration of structures of the optical device according
to the modified example of the present invention;

Fig. loA is a perspective view showing an example of a

(X e



to the embodiment of the present invention;

Figs. 8 are cross-sectional views for explaining steps

of the manufacturing method for the optical device according to the embodiment of the present

invention;

Fig. 9 is a schematic view showing a configuration of a manufacturing apparatus for the
optical device according to the embodiment of the present invention;
a main part of the manufacturing apparatus shown in Fig.9;

Fig. 10 is a plan view showing
Fig. 11 is a cross-sectional view

schematically showing an example of a configuration of a main cart of a mold tool configured to

manufacture g}%g@g@gl I@{g@ctuﬂgs 1@Oi§nge%ragg s&g&gvi%glgggléxti?gship be%wggré volume ratio of a

flat layer of the embedding resin layer and transmittance change o

the ggﬁca{f device subjected to a

high-temperatyre iamsl:high=humeidity: test awhighwill berexplained incexamplesof the present invention;

present invention;

of inclination of a main

Fig. 1B is a cross-sectional view showing a direction

axis 0of the structures formed in

the shaped layer of the optical device according to the

modified example of the present invention:

Fig. 17 is a cross-sectional view showing an example

cf & configuration of the optical device according to a

modified example of the present invention;

Figs. 18 are cross-sectional views each showing anther

example of a confilguration cf the optical device according

to a modified example of the present invention;

™
E

ig.

[
e}

ls a cross-sectlonal view showing further

example of a configuration cf the optical device according

to a modified example of the present invention;

Figs. Z20A and 20B are perspective views, sach of which

shows an example of a configuration of the shaped layer of

the optical device according te a modified example of the

present invention;

Fig. 21iA is a plan view showing another example of the

configuration of the shaped laver of the optical device

according to the modified example of the present invention;

Fig. 21B is a cross-secticnal view of the shaped layer

shown in Fig. 21A along a line B-R7;

Fig. 21C is a cross-sectional view of the shaped layer

shown in Fig. 21A along a line C-C7;

Fig. 22ZA is a plan view showing further example of the

10



Fig. 13 is a perspective view showing a relationship between light incident on the optical device and
light reflected from the optical device, which will be explained in a modified example of the present
invention; Fig. 14 is a cross-sectional view showing an example of a configuration of the optical
device according to a modified example of the present invention; Fig. 15 is a perspective view
showing an example of a configuration of structures of the optical device according to the modified
example of the present invention; Fig. 16A is a perspective view showing an example of a shape of

structures formeg-in he shaped layer of the,optical device aceording to,.a modified example of the

present invention; Fig. 1BB is a cross-sectional view showing a direction of inclination of a main
axis of the stracturesi formetbintthe shaped layer«f the-opticat deviceraceording 1o, the-mogified
example of the present invention; ; _ .

Fig. 2ZZB i1s a cross-sectional view of the shaped laver
shown in Fig. Z2A along a line B-B’;

Flg. 22C is a cross-sectional view of the shaped laver
ghown in Fig. 222 along a line C-C';

Fig. 23 is & perspective view showing an example of a
configuration of a window shade apparatus according to an
application example of the present invention:

Fig. 24A 1s a cross-sectional view showing a main part
of the window shade according to the application example of
the present invention;

Fig. 24B 1s 2 cross-sectional view showing a main part
of the window shade according to the modified example of
Fig. Z24A;

Fig. 25A is a perspective view showing an example of a
configuration of a roll screen apparatus according to an
application example of the present invention:

Fig. 25B is a cross-sectional view showing a main part
of the pull-down sun screening apparatus of Fig. 25&;

Fig. 26A is a perspective view showing an example of a
configuration of a fitting according to an application
example of the present invention; and

Fig. 26B is a cress-sectional view showing a main part

of the fitting of Fig. 26a.

Description of Preferred Embodiments

Hereinaiter, one preferred embodiment of the present

-
[



Fig. 17 is a cross-sectional view showing an example of a configuration of the optical device according
to a modified example of the present invention; Figs. 18 are cross-sectional views each showing
anther example of a configuration of the optical device according to a modified example of the present
invention; Fig. 19 is a cross-sectional view showing further example of a configuration of the
optical device according to a modified example of the present invention; Figs. 20A and 20B are
perspective views, each of which shows an example of a configuration of the shaped layer of the

optical device; acegrding. o, modified examplg of the presentinvention:, , Fig 21A IS a plan view
showing another example of the configuration of the §hape§ %ye?gb%tgfmtgpt?c%%aggi?:g}éjéégrding to
the modified exaanplecsf the present invention; Fig. 213 is a cross-sectional view of the shaped

layer shown in Fig. 21A along- a line B-B';  Fig. 210 is a cross-sectional view of the shaped layer
shown in Fig. 1R &loRgEinet-ef the Optical device]

Fig. 1 is a cross-sectional view schematically showing
a configuration of an optical device according to one
embodiment of the present invention. In this embodimeant,
the optical device 1 includes a laminated body 10 having a
shaped layer (first supporting member) 11, an embedding
resin layer (second supporting member) 12, and an optical
function layer 13 formed between the shaped layer 11 and
the embedding resin laver 12. The optical device 1 further
includes a first base member 21 located on the shaped layer
11 and a second base member 22 located on the embedding
resin layer 12, the first and second base members 21 and 272
being respectively made of transmissive materiais. The
optical device 1 is attached to a window unit 30 of an
autcmotive vehicle or a building through a connecting laver
23 formed on the second base member 22.

Each part of the optical device 1 will then be
cgescribed hereinafter in detail.

[Shaped Lavyer]

The shaped layer 11 is made of, for example,
thermoplastic resin such as polycarbonate, thermosetting
resin such as epoxies, ultraviolet curable resin such as
acrylic, or other transmissive resin material. In this
embodiment, the shaped layer 11 is made of ultraviclet
curable resin, and similar in material to an embedding

resin layer 12 to be described hereinafter. The shaped

12



Fig. 22A is a plan view showing further example of the configuration of the shaped layer of the optical
device according to the modified example of the present invention; Fig. 22B is a cross-sectional
view of the shaped layer shown in Fig. 22A along a line B-B’; Fig. 220 is a cross-sectional view of
the shaped layer shown in Fig. 22A along a line C-C'; Fig. 23 is a perspective view showing an
example of a configuration of a window shade apparatus according to an application example of the
present invention; Fig. 24A is a. cross-sectional view showing a main part of the window shade

according to the application example, ot the presentiguentiony . nvica1 function
layer 13 as a supporting member, and is formed into £ilm,
sheet, plate, or sguare, which is previously determined in
thickness.

The shaped layer 11 has a plurality of structures lla

forming a plurality of concave sections 111 arranged on a
surface on which the optical function layer 13 is formed.
The shaped layer 11 has & flat surface 11lb on the side
opposite to the structures lla.

In this embodiment, each of the concavse sections 111
has a shape which reflects light in a specific direction,
and which is, for example, pyramid, cone, rectangular
cyvlinder, curved surface, or the like. The concave

sections 111 are ths

n

ame as sach other in shape and size.
However, the concave secticns 111 may be divided into areas
which differ from each other in shape and size, or
pericdically changed in shape and size.

Fig. 2 is a fragmentary perspective view showing a
shaped layer 11 having structures 1la of one dimensional
array forming concave sections 111, each of which has a
shape of triangular prism {shape of prism). Fig. 3 is a
fTragmentary perspective view showing a shaped layer 11
having structures lla of cne dimensional array forming
concave sections 111, each of which has a curved surfac
(shape of cylindrical lens). Fig. 4 1s a fragmentary plan
view showing a shaped layer 11 having structures 1lla of two
dimensicnal arrays forming concave sections 111, each of

which has a shape of triangular pyramid (shape of delta
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Fig. 24B is a cross-sectional view showing a main part of the window shade according to the modified
example of Fig. 24A, Fig. 25A is a perspective view showing an example of a configuration of a roll
screen apparatus according to an application example of the present invention; Fig. 25B is a
cross-sectional view showing a main part of the pull-down sun screening apparatus of Fig. 25A;

Fig. 26A is a perspective view showing an example of a configuration of a fitting according to an
application example of the present invention; and Fig. 263 is a cross-sectional view showing a

main part of the,{ing, ot £1g, 264, Qespilption ot Preferred Eroedimants pireinger, gpe preferred

embodiment of the presen
structures lla) is not limited in shape, and may be formed
into different shapes such as corner of a cube, hemisphere,
oval hemisphere, free-form surface, polygon, circular corn,
many-sided pyramid, circular truncated cone, paraboloidal
surface, concave, and convex. The bottom surface of the
concave sections 111 may have a polygonal shape such as
circle, ellipse, triangle, sguare, hexagon, and octagon.

A pitch of the structures lla {concave section 111)

(i.e., distance between two peaks of concave sections 111
adjacent to each other) is not limited to a specific value,
and may be selectable from tens of um to hundreds of um as
necessary. It 1s preferable that the pitch of the
structures Lla be egual to oy larger tThan 5 pm, and egual
to or smaller than 5 mm. As ancther preferable range, the
pitch of the structures lla may be egual to or larger than
5 um, and smaller than 250 pm. As further preferable range,
the pitch of the structures 1la may be sgual to or larger
than 20 um, and equal to or smaller than 200 um. On the
other hand, under the condition that the pitch of the
structures llz i1s smaller than 5 pm, it is difficult to
form concave sections 111, each of which has a desired
shape. Further, it is generally difficult to allow an
optical function layer to have a precipitous wavelength-
selective characteristic. In some cases, the optical
function layer tends fo improperly reflect part of light to
be passed through this device. As a result, higher-order

visible light is generated through this refraction. When,
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invention will be described with reference to accompanying drawings. [Configuration of the Optical
device] Fig. 1 is a cross-sectional view schematically showing a configuration of an optical device
according to one embodiment of the present invention. In this embodiment, the optical device 1
includes a laminated body 10 having a shaped layer (first supporting member) 11, an embedding resin
layer (second supporting member) 12, and an optical function layer 13 formed between the shaped
layer 11 and the embedding resin layer 12. The optical device 1 further includes a first base member

21 located on.the:shapegt|ayer.11,and a.sagond hase member, 22 located on the embedding resin

layer 12, the first and second base members 21 and 22 being respeciively made of transmissive
materials. Theloptieal device 4 iy attached fosa winday tinit 30:0fansaufamotive vehicle ok a building
through a connecting layer 23 formed on the second base member 22.  Each part of the optical
device | will théif b8 idescibed Réicifafterif detst [Shgsed L&y 1 1 ehé dRaped fayer 11 is made of,

for example, thexmoplasfc (asinchAs polycarbonate, thermosetling fesin such as epoxies,
ultraviolet curable resin such as acrylic, or other transmissive resin material. In"this embodiment, the

shaped layer ddtis meddeief-ultraviotetcuralle desib; ard similar in materalie an-embedding gesin

layer 12 to be described hereinafter. The shaped
When the pitch of the structures lla is equal to or larger
than 5 um, and smaller than 250 um, the optical device 1 is
improved in flexibility, and can be produced with ease by
roll-teo-roll production system, without batch production
system. In order to apply the optical device to
architectural material such as window, it is necessary to
produce the few-meter-long optical device. Therefore, the
roll-to-rell production system is suitable for the
production ¢of the optical device in comparison with the
batch productlion system. Specifically, the roli-to-roll
preduction system does not limit the depth of the concave
section 111. TFor example, the depth of the concave section
111 may be determined within the equal to or larger than 10
pm, and egual to or smaller than 100 um. The aspect ratio
{depth and sguare) of the concave secticon 11l may be equal
to ¢cr larger than 0.5,
[Cptical function layer]

The optical functicn layer 13 is formed on the
structures lla of the shaped layer 11. The optical
function layer 13 is a wavelength-selective reflection
layer including an coptical multilayer film configured to
refiect light in a specific wavelength range (first

wavelength range), and to have light passed therethrough in

1
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layer 11 has a function to support the optical function layer 13 as a supporting member, and is formed
into film, sheet, plate, or square, which is previously determined in thickness. The shaped layer 11
has a plurality of structures Ha forming a plurality of concave sections 111 arranged on a surface on
which the optical function layer 13 is formed. The shaped layer 11 has a flat surface 11b on the side
opposite to the structures lla. In this embodiment, each of the concave sections 111 has a shape
which reflects light in a specific direction, and which is, for example, pyramid, cone, rectangular

cylinder, curved.surface, ot the like, The cancave segtians 111 ate the sameeach othe in.shape and

size. However, the concave sections 111 may be divided into areas which differ from each other in
shape and size,wrperipdicallyrohangedrintshape andesizenant Fig.Hzistafragmentary perspective
view showing a shaped layer 11 having structures lla of one dimensional array forming concave

sections 111 “@3ch-6FWhich 1% shE[5e BPtrihgular prsRT(SHABE bt priin) TGS is a fragmentary
perspective viey. shawing a shaped i@ygfal}é@VMatig%gﬁ L akane g%ﬂﬁ'{%ﬂ@#@#@ forming
s ens

concave sections 111, each of which has a curved surface (shape of cylindrica .Fig. 4isa
fragmentary plaawview showing-a shaped layes d1having stelctures|lareftyweo-dimensional arrays
forming concave sections 111, each of which has a shape of triangular pyramid (shape of delta
visible light range.
The coptical function laver 13 is formed with
alternating layers of, for example, a first refraction
index layer (low refraction index laver) and a second
refraction index layer {(high refraction index laver) which
is larger than the first refraction index layer in
refraction index. On the other hand, the optical function
layer 13 may be formed with alternating layers of a metal
layer and an optically-transmissive layer {or transmissive
conductive layer). The metal layer has a high reflection
rate in an infrared range, while the optically-transmissive
layer functicns as an antireflection layer, and has a high
refraction index in a visible range.
The metal layer having a high refliection rate in an
infrared range includes a single element such as Au, Ag, Cu,
Al, Ni, Cr, Ti, Pd, Co, 8i, Ta, W, Mo, and Ge, or an alloy
made mostly of two or more elements. More specifically,
AlCu, AlTi, AlCr, AlCo, AINdCu, AlMgCu, AgBi, AgPdCu,
AgpkdTi, AgCuTi, AgPdCa, AgPdMg, AgPdFe or the like may be
used as material of the metal layer. The optically-
transmissive layer is made mostly of high-permittivity
material such as niobium oxide, tantalum oxide, or titanium

oxide. The coptically-transmissive layer mayv be made mostly
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dense array). However, the concave sections 111 (or the structures 11a) is not limited in shape, and
may be formed into different shapes such as corner of a cube, hemisphere, oval hemisphere,
free-form surface, polygon, circular corn, many-sided pyramid, circular truncated cone, paraboloidal
surface, concave, and convex. The bottom, surface of the concave sections 111 may have a polygonal
shape such as circle, ellipse, triangle, square, hexagon, and octagon. A pitch of the structures lla
(concave section 111) (i.e., distance between two peaks of concave sections 111 adjacent to each
other) is not liyiteds ifig valug; and may. be t m tens.of pm to hundreds of pm as
necessary. Itlﬂyﬁrggiﬁe&%%%fh% p?it%h%]g t%%%r’uc?u%?gila ‘?Legee?dua%l Itlcé)% BFTE%SP t%%n%?inpm, and equal
to or smaller tancemmeAs anether preferable gange;dbe piteh of the-structures la-mayde equal to or
larger than 5 pm, and smaller than 250 pm. As further preferable range, the pitch of the structures ila
may be equalto’tr I87GET tharf 26 PR arc egal t& bF shiahértha?260 pAiy ©h thecsthef hand, under

the condition El%ag ﬁl}ie QHEQH‘C HEesStﬁli%Hr?sl@eif Ssn&aglerg é@z%% g 3p{n,ciﬁ]is difficult to ]‘Corm concave

sections 111, each of which has a desire ape. Further, it genéra ?y diffictit fo allow an optical

function layertethave:al precipiteus waveleagth:-selegtive eharacteristie.-ln-s0me cases; the optical
function layer tends to improperly reflect part of light to be passed through this device. As a result,
higher-order Vi§ibfetlightis: gBAératéd throtigh #is Pefraction> W 2en the other hand, each of the

concave sections 11]%(3]9?[& QQE? necegsary to reflect light in a designated direction, the optical
device 1 becomes less ex?b?e due'to the F’?nc:éé ased ?hclll'éi(nté%gﬁf%l&i%llcﬂﬁ t(]i Attach this optical device

to a rigid objeti-suciras therwindovaunit 30 Whepetherpitehof fhe strustuses ha is.gqual te-or larger
than 5 pm, and smaller than 250 um, the optical device 1 is improved in flexibility, and can be
produced witii88s& By ¥6ll-td-F6ll prodbieasn st wWithout bateh prodddtion system. In order to
apply the optical device to architectural material such as window, jt is necessary to produce the
few-meter-lonﬁgﬁg(gtpc%fae\c/)i%e%lﬁgr%fgrcé%ﬁéSFolTl-]iléi-c?dl 5rno%u8fi)61nc! systam iEré%%abfgefoWﬁjféaﬂ)roduction
of the optical devige in gomparison with-thebatel production system,Specifically, the-roll-to-roll
production system does not limit the depth of the concave section 111. For example, the depth of the
concave sectioh Fi1emay e defsriminedwithin thecedual t:dr Regerthan© pm; drd equal to or

ey b8y TN PRSSLIPUR(erdland sqals) o7 e EQneRUS AP LONE 2, Y be eaual @

can be selectively used for the metal oxide layer made of
zinc oxide series.

It is preferable that the refraction index of the high
refraction index layer contained in the laminated body be
egual to or larger than 1.7, and egual to or smaller than
Z.6. As another preferable refraction index, the
refraction index of the high refraction index lavyer may be
equal to or larger than 1.8, and equal to or smaller than
2.6. As further preferable refraction index, the
refraction index of the high refraction index laver may be
equal to or larger than 1.9, and equal to or smaller than
£.6. In this range, the high refraction index layer can be
formed as & thin film without crack, and function as
antireflection f£ilm in visible range. Here, this

refraction index indicates a refraction index measured at a
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[Optical function layer] The optical function layer 13 is formed on the structures lla of the shaped
layer 11. The optical function layer 13 is a wavelength-selective reflection layer including an optical
multilayer film configured to reflect light in a specific wavelength range (first wavelength range), and to
have light passed therethrough in a range (second wavelength range) other than the specific
wavelength range. In this embodiment, the term "specific wavelength range" means an infrared
wavelength range including a near-infrared wavelength range, and the term "range other than the
specific wavelength range; means a vigible hight range. .o £he eptical fypetionlayer 13;is formed with
alternating layers of, for example, a first refraction index layer (low refraction index layer) and a second
refraction index fayer:ihigh refraction mtexdaydr) whickeis lafgerithan the first refractioniindex layer in
refraction index. On the other hand, the optical function layer 13 may be formed with alternating lavers

of a metal layeF B arptically-trhiftissive fayer (o tamsmissive cohdtitfive Ryef). TRE metal layer
has a high reflegtion rate in;an infrared range, whils the %@{i&aﬁx-gﬁnﬁagﬁ?r%qvc%l@{sr ungtions as an

antireflection layer, and has a high refraction index in a visible range. e metal layer having a
high reflection sate:in laa infraredorangesindludes assingle €terneatsuchnas Au; Ag,. Cu, Al, Ni, Cr, Ti,
Pd, Cc, Si, Ta, W, No, and Ge, or an alloy made mostly of two or more elements. More specifically,
AlCu, AITi, AIET A0, ZNAEU, AIMGEUP AGBE & PHE LS AgPHTi AgCEHTS AgPUEae AgPdMg, AgPdTe

or the like m%i%%gﬁgp as {r&%ter(izz‘l@c%ft géﬁ%tﬂelayg& M =%9pt§cgg¥gg§f§g’sissi¥% ILLaL;_/ae is]m made mostly

of high-permittivity material such as niobium oxide, tantalum okide, or titanium oxide: The
optically-transmissive (ayer mayhelmadeanasilyum pentoxide), and titan oxide.

it is preferable that the thickness of the high refraction
indexr layer pbe equal tTo or larger than 10 nm, and egual to
or smaller than 120 nm. As further preferable thickness,
the thickness of the high refraction index layer may be
egual to or larger than 10 nm, and egual to or smaller than

100 nm. As further preferable thickne

s, the thickness oif

in

the high refraction index laver may be equal to or larger
than 10 nm, and equal to or smaller than 80 nm. When, on
the other hand, the thickness of the high refraction index
layer s smaller than 10 nm, the high refraction index

layer tends to reflect visible light. When the thickness

of the high refraction index layer i1s larger than 120 nm,
the high refraction index laver is reduced in transmittance,
and tends to make it easier to havse clack.

The cptical function layer 13 is not limited to a
multiple layer made of inorganic material. For example,
the cptical function laver 13 may be composed of a thin
film made of high-polymer material, or a laminated film of
layers made of high-polymer material having scattered fine

particles or the like. The optical function layer 13 1is
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of, for example, tin oxide, zinc oxide, indium-doped tin oxide, material containing carbon nanotubes,
indium-doped zinc oxide, antimony-doped tin oxide, or a layer made of resin which has high levels of
nanoparticle having those materials, nanoparticle having conductive material such as metal,
nanoparticle, nanorod, or nano re. Additionally, the optically-transmissive layer or transmissive
conductive layer may have a dopant such as Al and Ga for the purpose of improving the quality and
flatness of those layers under the condition that the metal oxide layer is formed on the basis of a
sputtering mefad o ihe like. For example.(3a apd Al doped 2ine oxide [3A0). Aldaned gine oxide
(AZO), or Ga doped zinc oxide can be selectively used for the metal oxide layer made of Zinc oxide
series. It isprefefdsiethatitherefractions index ©f the highaefraction indexdayercontained in the
laminated body_be equal to or larger than 1.7, anq equal to or smaller than 2.6. As another preferable

refraction indé&X, thé T&fractiorFintBx bt e Righ reffiction Fidexiaye iy bersqust t6 8Etarger than
1.8, and equal to o smaller, than 2.6, As fgg@erv%rghﬁﬁbk%agggcgl%% @é::g%(itgg refraction index of the
an 1. equa

high refraction index layer may be equal to or larger ,an “t6°or smaller thdn 276. In this
range, the higherefractior indexdayereanibe fermed ag atbinfilm without:crack andfynction as
antireflection film in visible range. Here, this refraction index indicates a refraction index measured at a
wavelength of'556 fth. Fhe Righ réfradticitindes 1ayeris Bldyer madeniosty of fistakdxide. In terms

of suppressing .stress-of thi er reducing the incidence of.clack, sometimes it is preferable that
the high refragﬁ?)}rﬁdg( 'Ia;'gﬁ%e ?T%Pdgecgfg m%eltla%%?ildoenot aey&ran}%n%%m e. %lé%ll?igal?yr} itis
preferable to uae atteast oneof niohium=oxide: for example, niebium pentoxide); tantaltm oxide (for
example, tantalum pentoxide), and titan oxide. It is preferable that the thickness of the high refraction
index layer bé8gtatterbtarger Han: $0hs drdeedal t6 oF sinatle AIHaRETZ0 At Aksifartier

preferable thi l%ne%,s t ;higk ss.of the high.refraction, index layer.may be equal to or larger than 10
nm, and equa?f to or smaller fh£]a§ 100 At rgﬂ]ﬁﬁgf" p?&er}a%leet%@%eﬁg, fhe t %ﬁrt]iéé?‘srof the high

refraction index layer mayshe equiahioerlargerthan 19-nm, @a%ggualé@&rmgegéhan 80 nm. When,
on the other hand, the thickness of the high refraction index layer is smaller than 10 nm, the high

refraction indéxX: ke terfdsto reflectomsiblealight hiehcthe thickness ofith High refractiondndex layer
is larger than 120 nm, the high refraction in%&‘ I?yer Is reduced_in transmittance, and tends to make it

iR ARN

easier to have clack™ - “The optical flinction Tayer 131§ hof iimitéd to’a mdlfipRTayer iiade of
inorganic matetiak F¢ example,4be opticakfungtion layer £3,may; be composed of a.thin film made of

high-polymer material, or a laminated film of layers made of high-polymer material having scattered
fine particles BfltheHike> The Gtical functiontayleritB.is When, on the other hand,
the average thickness of the optical function layer 13 is
larger than 20pm, the light path of transmitted light is
increased, and inclined to stress an image of the
transmitted light.

The optical function layer 13 may have one or more
functional layers composed mostly of chromic material which
reversibly changes in reflective performance, structure and
the like in response to external stimulation such as heat,
light, and invading mclecule. The optical function iayer
13 may ke combined with the laminated film and transmissive
conductive layer. For example, as chromic material, photo-
chromic, thermo-chromic, gas-chromic, or electro-chromic

material may be used for the optical function layer 13.
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not limited in thickness to a specific value, but necessary to reflect light in a specific range with a
specific efficiency in reflectance. For example, dry process such as sputtering method and vacuum
vapor deposition method, or wet process such as dip coating method and die coating method is used
as a method of forming an optical function layer 13. The optical function layer 13 to be formed on the
structures ha is substantially uniform inckness. Additionally, it is preferable that the average thickness
of the optical function layer 13 be equal to or smaller than 20 pm. As another preferable range, the

average thickness of the opiical function Jayer 13 may he equal to or smaller than. 5 pm, As further

preferable range, the average thickness as the optical function layer 13 may be equal to or smaller
than 1 um. Whene on the ptherdands thenaverage thicknesstof the @ptical funetipn daver 13 is larger
than 20pm, the light path of transmitted light is increased, and inclined to stress ange of the
transmitted liGht O™+ FhBdptcalFinétidh BYEE 18 Hidy h&ale666€ of-indre fdretional layers composed

mostly of chr%@&@gﬁr@ V\gﬂg}lreavgrgg%(‘é@@ es irll: éeﬁf!%ecéi\r/l% pgg?grgagq e’f‘é”i%élire and .the like in
response to external stimulation such as heat, light, and invading molecule. The op ical flnction layer
13 may be cambinedwith the laminated dilm andittansmissive congugtive layer Forexample, as
chromic material, photo-chromic, thermo-chromic, gas-chromic, or electro-chromic material may be

3

used for the optical finctiBf ldyefasioped Ti0z, WOs, MoCs;, Nb:0; or other
transitlon metal compound may be used as photo-chromic
material. 1In order to improve wavelength-selective
characteristic of the optical function layer 13, a laver
different in refraction index from the optical function
laver 13 may be formed on this layer.

The term “thermochromic material” means material which
reversibly changes in structure with heat. The
thermochromic material can reversibly change in varicus
properties such as reflection rate and color while being
subjected to heat. For example, VO, or the like may be
used as thermochromic material. Elements such as “W”, “Mo”
or “"F” may be added to the thermochromic material such as
VO, for the purpose of changing transition temperature or
transition curve. As a laminated structure, a layer made
mostly of the thermochromic material such as VO; may
intervene between two antireflection layers each of which
is made mostlyv of TiC., IT0, or other material naving high
refraction index.

On the other hand, & photonic lattice such as
cholesteric liguid crystal is may be used as thermochromic
material. The cholesteric liguid crystal can selectively

reflects light on the basis of its interlaver spacing which
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The term "photo-chromic material® means material which reversibly changes in structure with light. The
photo-chromic material can reversibly change in various properties such as reflection rate and color
while being subjected to ultraviolet light. For example, "Cr", "Fe", "Ni" or the like doped Ti02, NO3,
Mo03, Nb205 or other transition metal compound may be used as photo-chromic material. In order to
improve wavelength-selective characteristic of the optical function layer 13, a laver different in
refraction index from the optical function layer 13 may be formed on this layer. The term
“thermochromig matexiak neans, matesial whigh reversibly changes instructure with eat. The
thermochromic material can reversibly change in various properties such as reflection rate and color
while being subjectet] torlyeata Forexamplez VO2:drithe like qrayshe nsed as tharmachromic material.
Elements such as "W", "Mo" or "F" may be added to the thermochromic material such as V02 for the
purpose of cRANgig tréﬁ&uﬁﬁ?é%nﬁérﬁﬁ@&ﬁ?&ﬁé?ndﬁEﬁ}rvé“ﬂs FHrafinated <truetiiréda layer made

mostly of the g@%r%%gnu%m@é%rml suE@QIaCsngg)Z may @ﬁr;]/,g@ﬁ] eé)e(%/g%e évé/g @grefhectlog layers

each of which is made mostly of Ti02, ITO, or other materia high refraction index. ~~ On the

other hand, asphotonicdatiiceé Sachas cholesterit:fiquid crystal is may be usedmastheemaghyemic
material. The cholesteric liquid crystal can selectively reflects light on the basis of its interlayer spacing
which is chah§ed Withtemperatare: Srheteforé 2h@ccholesteric liquid crystal can reversibly change with

heat in various propeyties.such as, df%lgg}%r& é}h rﬁnéj %olgr Wh|I bel{%gaspyspjemct%d 10 %iat Further, two

or more cholesteric liquid crystals different in thickness from each other may be liséd to broaden a
reflection rangeich reversibly changes with applied voltage in varic

preoperties such as reflection rate and coler. For example,
the electrochromic material can reversibly change in
structure in response to voltage. More specifically, a
reflection-type light control material having reflection
characteristic which changes with, for example, doped
protonr or undoped proton <can b

:CLrocnromic

usad as ele

43
(\

material which can be contrelled in optical property in
response to external stimulus to selectively assume states
including a transmissive state, a mirror state, and/cr an
intermediate state. For example, alloy material consists
primarily oI alloy material such as magnesium and nickel
alloy, magnesium and titanium alloy, and material in which
WO; and acicular crystal having selective reflectivity are
contained in microcapsule may be used as electrochromic
material.

As a specific configuration of the optical function
layer, for example, the above-mentioned alloy laver, a
catalytic layer including Pd and the like, a thin buffer
laeyer of Al and the like, an electrolyte laver of Ta.,0s and

the like, an lon storage layer such as WO; and proton, and
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The term "electrochromic material" means material which reversibly changes with applied voltage in
various properties such as reflection rate and color. For example, the electrochromic material can
reversibly change in structure in response to voltage. More specifically, a reflection-type light control
material having reflection characteristic which changes with, for example, doped proton or undoped
proton can be used as electrochromic material which can be controlled in optical property in response
to external stimulus to selectively assume states including a transmissive state, a mirror state, and/or
an intermedigfe stale <ok example, glloy. majerial.cansists, primarily.of alloy mateyial sych g5
magnesium and nickel alloy, magnesium and titanium alloy, and material in which WO3 and acicular
crystal having selestive eeflectivity are Contairedbirhmicrbeapsule: maybesused as €lectrochromic
material. As a specific con igurat on of the optical function layer, for exampleabove-mentioned

alloy layer, a CRIEhACaYEr inth(Fihg Pd'afid B fike. Y& thahBiftfer Iaer oF AF aRaHE ke Can
electrolyte layer,of Ta205,and the like.an ian.storage laver.sych.as NOQ3 and proton, and a

transmissive conductive layer may be stacked in layers on the shaped layer. On the other hand, a
transmissive temductiveylaiper, analéctrolyte layers an electrochremiclaver af\WO?2 and the like, and a
transmissive conductive layer may be stacked in layers on the shaped layer. In those configurations,

the proton cohtHifi&d i the' SIBEFSIY & Ry el R0 dpedr6r urididpedin tie alloy-#er when voltage is
applied betw%q_réglgrgﬁ%rgisﬂ/ eqpnggcg\é%ggd &c%rg%rg%lgctﬁdec.h%ccc_gﬁ@g%yl the transmittance

of the alloy layer changeés. In order to improve the selectivity in wavelength, it is refetable that the

laminating layersve providegewith theoelectrochromicanaterial and:highirefragtion indexdnatesial such
as TiO2 and ITO. As another configuration,smjsslve conductive layer, light transmissive layer in which
microcapsuled tte Ecaftefd? And tRifshTSSive SIEETEGES Ay belstackethinTayérsoirtheshaped

layer. In this %qrgigéjﬂt&n, ltlg% ggti%@! ﬂ“?g% Sg_asiﬁm(g% @etéantscr)nis%ive state.in which the acicular

crystal contained in microcapsules Is oriented in the same directfbnpwrﬁgﬁvgﬁgge is applied to two

transmissive electrodes; and asswaes asmavelength selegtive reflegtion state-inswhich the acicular
crystal contained in microcapsules is scattered in direction at random without being oriented in the
same direction?FRéR Voltsge- foifct applied ¥ hwe &ransilissiVe efebtrodes JERbBEdHing resin layer]

material and high refracticn index material such as TiQ,
anca ITO. As ancother configuration, fransmissive conduciive
layer, light transmissive layer in which microcapsules are
scattered, and transmissive electrodes may be stacked in
layers on the shaped layer. In this configuration, the
cptical device assumes a transmissive state in which the
acicular crystal contained in microcapsules is oriented in
the same direction when voltage is applied to two
transmissive electrodes, and assumes a wavelength selective
reflection state in which the acicular crystal contained in
microcapsules is scattered in direction at random without
being oriented in the same direction when voltage is not
applied tc two transmissive electrodes.
(Embedding resin laver!

The embedding resin layer 12 is made of, for example,

transmissive ultravielet curable resin. The structures 1lla
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The embedding resin layer 12 is made of, for example, transmissive ultraviolet curable resin. The
structures lla of the shaped layer 11 and the optical function layer 13 are embedded in the embedding
resin layer 12. For example, the ultraviolet curable resin includes, as composition element,
(meta-)acrylate, and photopolymerization initiator. If necessary, the ultraviolet curable resin may
further include light stabilizer, fire-retarding material, leveling agent, antioxidizing agent, and the like.
As acrylate, monomer and/or oligomer having two or more (meta-)acryloyi groups may be used. As

monomer andler QUGOTBRL ALEthaedmeta Jacrylale, epow (mefagatnlats, palyester-{metajacryate,

polyol-(meta-)acrylate, polyether-(meta-)acrylate, melamine-(meta-)acrylate or t ike may be used.
Here, the term v metadadndoyi graup” isinterded to ingicate either-aaryloyl group or metaacryloyl
group. The term "oli%omer" is intended to indicate a molecule having a molecular weight of 500 to

6000. As "photopolyhieriZatidinitiator? forexaripleCbehzdohetone detivative,Taeetsistienbne
derivative, anthraguinone.derivative and the "I??mgpa}m%é‘?s/d as a single agent or in combination.
i i owing’ figurati

Fig. 5 is a cross-sectional view schematically showing'a co on of a main part of the embedding
resin layer 12oTheqmbedding resindayerrl2-has astructuregddayerst2a(firstlayer) which the concave
sections ill of the optical function layer 13 are filled with, the structured layer 12a having a triangular
shape in cros&sectidn Cand aftat et 12B58cEHY |ayen ToRfed bR the struétlred

stabilizer, fire-retarding material, leveling agent,
antioxidizing agent, and the like.

As acrylate, monomer and/or oligomer having two or
more (meta-j)acryloyl groups may be used. As monomer and/or
oligomer, urethane-{meta~)acrylate, epoxy-(meta-)acrylate,
polyester-{meta-)acrylate, polyol-(meta-)acrylate,
polyether- (meta-)acrylate, melamine- (meta-}acrylate or the
like may pe used. Here, the term “(meta-)acryloyl group”
is intended to indicate either acryioyl group or meta-
acryloyl greoup. The term “oligomer” is intended to
indicate a molecule having a molecular weight of 500 to
6000. As “photopolymerization initiator”, for example,
benzophencne derivative, acetophenone derivative,
anthraguinone derivative and the like may be used as a

single agent or in combilnation.

1]

ig. 5 1s & cross-sectional view schematically showing
a coniiguration of a main part of the embedding resin layer
12. The embedding resin layer 12 has a structured layer

12z (first layer) which the concave sections 111 of the

Y

optical function layer 13 are filled with, the structured
1 3~ — K R - . L
layer lZa having a triangular shape in cross-—-section, and a

flat layer 12b ({second laver) formed on the structured

B
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layer 12a. The structured layer 12a is formed in each of the concave sections 111 which constitute the
structures 11a. The thickness of the structured layer 12a is equal to the depth of the concave sections
111. The structured layer 12a and the optical function layer 13 formed on the concave sections 111
stick together. The flat layer 12b has a function to have the structured layers 12a connect with each
other, and has a flat surface. The flat layer 12b has a function to suppress delamination resulting
from cure shrinkage of ultraviolet curable resin when the embedding resin layer 12 is made of
ultraviolet curablesresir: Jn generak when-ltraviolet cyrable resin is-subjected fo and cured with
ultraviolet light, the ultraviolet curable resin shrinks on the basis of an inherent shrinkage factor
depending orteempositionscentainedrmafetial, vandcthedike of the: resin.\When the shriskage stress is
not reduced appropriately, the shrinkage stress is focused on the interface between the optical

function layer-ard adjatent ayer by tieat foad'r theldike tt Wiich tresir @ subjéced 1T shrinkage
stress tends to.cause delamingtion on,this, interface. and tempararilyreduces transpittance of the

optical device. Specifically, the adhesion of the resin to a metal layer or a dielectric layer is relatively
low. Thereforéatherdélamiratibn:oftheresindd theopticalfunctionrdayer tends 4@ oceur: ha:this
embodiment, the optical device 1 is configured to have the flat layer 12b. Therefore, it is possible to

suppress del&miratioh oftfé stigtured Iayer C24 tPhe Ghiical flifctibridyerata By feducing inner
stress remaining in.the, sliyctured ayer.12a. ., . The tfickness.ofthe flat layer 128,s determined on
the basis of the ratio in cure shrinkage %f the %%in to be use% as t#iﬁétéla?e%lzcﬁ% %ﬁe volume of
the structuredvtayer d2ahWhiens for example sthe ratiain surershrinkage of ultraviolet curable resin
used as the embedding resin layer 12 is equal to or larger than 3% in volume, the thickness of the flat
layer 12b is determiné@ uhdéf the?dGiditior that the'rdtid 6t the Voltime gseenasiolume) of the

structured laye 12410 {be ¥glume (s volume) of the structured ayer 122 s equal o ot arger than

5%. When, on she other hand, the ratio is'smaller than 5%, thé residual Stress of the Structured layer
12a may be Impossibte te:ke supprassed dydhe flatilayer 12b:and the-delaminationbetween the
structured layer 12a and the optical function layer 13 may not be controlled over a long period of time.
The thickness!of the et &ye iV s 'detéffingd on thelbasis of theratio in vokmye of-the flat layer 12b

and the strucliued javer 12a concave, seation L), The [rst yolume may be defined by each volume
of the concave sections 111 or whole volume of the concave sections 111.1nthe former case, the

second volume: ig-a yolume of each-unit éeorresponding-toeachfarming-area of congave sections 111)
of the flat layer 12b. In the latter case, the second volume is a whole volume of the flat laver 12b. If the
ultraviolet curable’fesii*has arcuré Shtinkage factor depending on composition,

contained material, and the like of the resin. When the
shrinkage stress is not reduced appropriately, the
shrinkage stress is focused on the interface between the
optical function layer and adjacent laver by heat load or
the like to which the resin is subjected. The shrinkage
tress tends To cause delamination on this interface and
temporarily reduces transmittance of the optical device.
Specifically, the adhesion of the resin to a metal layer or
a dielectric layer is relatively low. Therefore, the
delamination of the resin to the optical function layer
tends to occur. In this embodiment, the optical device 1
is configured to have the flat layer 12b. Therefores, 1t is

possible to suppress delamination of the structured laver
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ratio equal to or larger than 8% in volume, the ratio of the flat layer 12b to the structured layer 12a may
“be equal to or larger than 15% in volume. Further, if the ultraviolet curable resin has a cure shrinkage
ratio equal to or larger than 13% in volume, the ratio of the flat layer 12b to the structured layer 12a
may be equal to or larger than 50% in volume. Therefore, it is possible to suppress delamination
between the optical function layer 13 and the structured layer 12a when the ultraviolet curable resin is
cured by ultraviolet light. At least one of the shaped layer 11 and the embedding resin layer 12 is

high in transpagenay,, As{his.fransparency, itis preferaple thaf af Iea}i\égggﬁlaverﬂ.have the following

range in sharpness of aght-zranamissive image of an ptlcaT co S one*i)llgefé“r%%?errange, the

difference in refraetion index:betweetrtheishaped tayer Ad andithe-embedding resin layer 12 may be
equal to or smaller than 0.010. As another preferable range, the difference in refraction index between
the shaped layer 113#d the €nib&dding fedifi tayera2 hay b eqiial {Fofshaneritan 0AD8. As

further preferable range, thgpif%%@ngg in gef@ictign?jgdexq%ggﬁ%an the §h9;;l>gd llﬁaeyeﬂ;rqll, and the

embedding resin layer 12 may be equal to or smaller than O %hgﬁ, for examsf)l“e*, the ditference in

refraction index betweertthe shiapedilayer-11 and thei embedding resinlayer. 12 is largerthan
0.010transmission image tends to have a lack in sharpness. When the difference in refraction index
benNeenthe§ﬁ§ﬁ§HIé ér 11%ifthefor example, the ratic in cure shrinkage

of ultraviolet curable resin used as the embedding resin
layer 12 is equal to or larger than 3% in volume, the
thickness of the flat laver 12b is determined under the
condition that the ratic of the volume (second volume) of
the structured layer 12z to the volume (first volume) of
the structured layer 12a is equal to or larger than 5%.
When, on the other hand, the ratio is smaller than 5%, the
residual stress of the structured layer 12a may be
impossible to be suppressed by the flat layer 12b, and the
delamination between the structured laver 12a and the
optical function layer 13 may not be controlled over a long
period of time.

The thickness of the flat laver 12b is determined on
the basis of the ratic in volume of the flat layer 12b and
the structured layer 1l2a (concave section 111)., The first
volume may ke defined by each volume of the concave

-

sections 111 or whole volume of the concave sections 111.
In the former case, the second volume is a volume of each
unit (corresponding to each forming area of concave

sections 111) of the flat layer 12b. 1In the latter case,

the second volume is a whole volume of the flat layer 12b.

If the ultraviolet curable resin has a2 cure shrinkage

2
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embedding resin layer 12 is larger than 0.008 and equal to or smaller than 0.010, the transmission
image does not have trouble interfering with one's daily like, and varies according to the situation at
the time. When the difference in refraction index between the shaped layer 11 and the embedding
resin laver 12 is larger than 0.005, and equal to or larger than 0.008, the user may be conscious of a
diffraction pattern produced in response to an extremely bright object such as light source, but can
look out the window in focus. When the difference in refraction index between the shaped layer 11 and
the embeddi j er. 12 .is equal-t m than, 0.005, th er is hard| gnsci us of the
diffraction pa?%rq? !Ijrql lﬁ%uér%apﬁg(}j I%i/erl g%ﬁﬁﬁe%ﬁé%ngl Ir('?es‘irn Tau)%ézs? ’12751% gl%pgp_oortir?g% member
provided on thesidelefitheayindowainit-30 ohthedlikemay include: adhesive asa,main element.
Therefore, members for fitting the optical device with the window can be reduced. Additionally, it is
preferable thatthe difféteree infetfaction index’6ftREadhesive-be Wwithinf the"gbove range in this
configuration, .- .. .I1f both-of.the sha layer.11 and the embedding resin layer 12 are high.in optical
transparency,“1 i Ts%&??rﬁ%lé t %t' %Bo%% %ﬁé@%é%wd%dae of the sgrl}]gelnr}l%?e(%i%lsr\?lvhﬁ:% a?r%%ﬁlg:“h in optical
transparencyin the-rangesef-visihlelights The shapeidayerrld and the embeddingresin layer 12
made of the same material are similar in refraction index to each other. Therefore, the optical device
can be improvéd firoptical Fansp&reriey i the rhgbesfaasiBiédighi v Hefe, aH& 4drnt Coptical

transparency? Qg Iwo aspects %)ne means that Iig#%isw assed without being ab rbeg, while the
other means %hat%ight is passe8 wit %u?%ié%%es'cat ergd%iﬁogreen’eré“l,“thleste?r%gs'so[l)%c():lgl tﬁa%sparency"

tends to meanihe formercHoweverdtisrpreferatiethatthe derm ceptical transparengy;-havesboth
meanings in this invention. When the optical device 1 according to the embodiment of the present
invention is udgd aSEEdifectiohalidiectctyit Is preferdabisitotreflect spetificlight ircaspedific direction,
and to have passed therethrough light other than specific light, and preferable that light passed
through the oﬁﬁgé]%e%/?cecf f)%gsu té‘r%%ﬁ? %lacs)nsle t(r\l‘ir%gg T the transmissive object to which the

optical device is attachedewithout-heing seattereds faruiser laoking atthe tignsmitted light. However,
one supporting member may be intended to have light scattering property depending on its intended
use.  Wheh3Rézhaped favet 1lsand tHe émbeéddingresintayer 12 aré miagle of resin, under the
condition that the resin Iayer shaped resin IalyeT[)a oiraned before the optical functjon layer is formed,

and the resin Tayer (Bmbeddirig resin-aysn Tormad after the optical fiftiction Tayet 3 formed! ft is
preferable that:the resindayer{shaped resin layep-and.the resin layer,(embegding resin layer) be the
same in refraction index as each other. However, when both resin layers are made of the same
organic resin 8¥d thecdptidal furiction Jayeris made obinorgarc eesibland additive agent is added to
theShapedr%%%ggﬁég%e in refraction index between the shaped layer 11

and the embedding resin layer 12 may be egual to or smaller

than ©.010. As another preferable range, the difference in

refraction index between the shaped layer 11 and the

embedding resin layer 12 may be equal to or smaller than

0.008. As further preferable range, the difference in

refraction index between the shaped layer 11 and the

embedding resin layer 12 may be egual to or smaller than

0.005. When, for example, the difference in refraction

index between the shaped layer 11 and the embedding resin

layer 12 is larger than 0.010, the transmission image tends

Lo have a lack in sharpness. When the difference in

refraction index between the shaped layer 11 and the

-~
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enhance adhesion of the optical function layer to the resin layers, it is difficult to separate the shaped
resin layer from the mold tool of Ni-P at a time when the shape is transferred. When the optical
function layer is formed by the sputtering method, high-energy particles adhere to the optical function
layer, and there is hardly problem with the adhesion between the shaped resin layer and the optical
function layer. Therefore, it is preferable that minimum amounts of additive agent be added to the
shaped resin layer, and additive agent for enhancing adhesion be added to the embedding resin layer.
Pvhen the embedding:fiesin-axer.and fhe. shapadiresin-laver arg,sufistaptially different to a arge extent
from each other in refraction index, it is difficult to look out the window througﬂ the fogged optical
device |. Whenttheremoentsidfdhe additive agent isredseed ta arspeeifige/alide-equalioossmaller
than 1% by mass, the optical device 1 can be improved in transparency sharpness without changing

the refractionSRAEX ifit IS ecessan'® dddtheBfge aftotint of additive Agere i€ preferable to

adjust thb combinafign ratiq of the.shaped.tesin layer fg,ensure that fhe embedding resin layer and the

shaped resin layer are substantially the same in refraction index as each other, From the point of
view of industtiaf design<af the opticaldevice-1,\windewmatesiah and dhe like,dtis understoed that the
shaped layer 11 and/or the embedding resin layer 12 may have characteristic to absorb light in specific
wavelength iffHé rangeBHVsHlelight 555 mategFhaving eharkictristiesuich s this, tiié:8haped

layer 11 or th bedding resin layer y bemade mos of material (such as resin) provided with
organic or inogra%%?: gg;o%%t. égp;e%gﬁrczi@%ﬁis%rg egrébI% tﬁaﬁ%%%gan}ﬁ(\:/ c%l%rgrﬁrbsecﬁé)e‘gsag r%aterial
having high resistance 4e climate eenditians,speciically norganic.eelerant sueh asziegrn gray (Co and
Ni-doped ZrSiO4), praseodymium yellow (Pr-doped ZrSiO4), chrome-titan-yellow (Cr and Sb-doped
Ti09, or Cr artFWERGp& THZ), ERreme §reeriiCr203 iaiEtheliike) CosacoeR (G6Zn)0(&1Cr)203),

victoria green ((Al, Cr)2( S)féon blue &%OO.ALZO:B- i02), vanadium-zircon blue (V-daoped ZrSiO4),
chrome-tin pink Crc ope Ca&?ghOZ, %ﬁ)Fﬂ%néﬁ%séé:%%ﬁ?(h}lﬁ-d%%gﬁaﬁ% : sﬁaprﬁ%ﬁ{ pink
(Fe-doped ZrSiQ4): and:others osganic talprantisuchyas azas-sergseelorant-and n layer
phthalocyanine-series colorant. [First and second base members]
2 is equal to or smaller than 0.005, the user is hardly
conscious of the diffraction pattern. In the shaped lavyer

R

11 or the embedding resin layer 12, the supporiing member

provided on the side of the window unit 30 or the like may
include adhesive as a main element. Therefore, members for
fitting the optical device with the window can be reduced.
Additionally, it is preferable that the difference in
refracticn index of the adhesive be within the above range
in this configuration.

If both of the shaped layer 11 and the embedding resin
layer 12 are high in optical transparency, 1t is preferable
that those layers be made of the same materials which are
high in optical transparency in the range of visible light.
The shaped layer 11 and the embedding resin layer 12 made
of the same material are similar in refraction index to
each other. Therefore, the optical device can be improved

in optical transparency in the range of visible light.
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As shown in Fig. |, the laminated body 10 including the shaped layer 11, the embedding resin layer 12,
and the optical function layer 13 intervenes between the first and second base members 21 and 22.
Each of the first and second base members 21 and 22 is made of transmissive material such as
triacetyl cellulose (TAC), polyester (TPEE), polyethylene terephthalate (PET), polyimide (PI),
polyamide (PA), aramid, polyethylene (PE), polyacrylate, polyether sulfone, polysulfone, polypropylene
(PP), diacetyl cellulose, polyvinyl chloride, acrylate resin (PMMA), polycarbonate (PC), epoxy resin,

urea resin, pgyyégthggg resin, an fﬁ@yineﬁqeasﬁnst%—étgﬁ\%zl\ﬁ,th&tgar%%rgig%ye material &f1 éhe first

tr DECts,
and second base members 21 and s not limited aterials. & first and second base
members 21 and:22 havefunctions as agpreteciive layesconfigures terpretest the laminated body 10.
The first and second base members 21 and 22 are made of material such as polyethylene
terephthalate "difalfer i nGiSwire vaportransthissioh rate am iiralielst cardble resin. It is possible to
suppress the delami n between the optical function layer 13 and the embedding resin layer 12,
due to the fac%ﬂ%ziﬁﬁgérﬁdistﬁgg igglgs%?b;e'd %;1;1 t%]egléol:r%npl‘nat%%l ‘Body 10 Jlﬁfﬁur\rit?'f%a?l,rtﬁ%:-%(}/ptical device 1
can be reduced i ightdoss: by refliectionraed improved-intransmittange «due-to-the fagkthat the first
and second base members 21 and 22 are made of material substantially the same in refraction index
as the shapedi&yer2drand el crmbeddingTesitayer 12 FiftHer bt istéasy odproduce tHesshaped
layer 11 and t| edding resin layer 12 from ultraviglet resin layer, due to the fact that material has
a high transm%%fr%crzgegi]h%ﬂé raﬁr%%rbf%ﬁ?a\ﬁ&%%ﬁéh CUSVTRE fir!Lst %%%8#&%&??1%@ formed as a layer
on the flat susfaee & 1hopposite to:the structuresilie.tthe shaped layer 1s The second base member
22 is formed as a layer on the flat surface 12b of the embedding resin layer 12. On the other hand, it is
only necessafi*fePsrovitieadithes The fitst basemermber 21 o the second bdse afembercific

light in a specific direction, and to have passed
therethrough light other than specific light, and
preferable that light passed through the optical device 1
be substantially passed through the transmissive object to

1l device is attached, without being

i

which the optic

{

scattered, for user looking at the transmitted light.
However, one supporting member may be intended to have
light scattering property depending on its intended use.
Wnen the shaped layer 11 and the embedding resin laver
12 are made of resin, under the condition that the resin
layer (shaped resin layer) formed before the optical
function layer is formed, and the resin layer (embedding
resin layer) formed after the optical function layer is
formed, it is preferable that the resin layer (shaped resin
layer) and the resin layer {(embedding resin laver) be the
same in refraction index as each other. However, when both
resin layers are made of the same organic resin, and the
optical function layer is made of inorganic resin, and

additive agent is added to the shaped resin laver to
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22 as a layer. [Explanation about Optical device functioning as Directional Reflector] Fig. 13 isa
perspective view showing the relationship between incident light entering the optical device 1 and light
reflected by the optical device 1. The optical device 1 has an entrance surface Si that is flat and on
which the light is incident. The optical device 1 is configured to reflect light Lh of a specific wavelength
band in a direction other than a regular reflection direction (-9, p+180 degrees), and configured to have
passed therethrough light L2 of a wavelength band other than the specific wavelength band, as part of

light L incident.gn.the.entrance,syrface Si.at %%a@§i9f@n!9§cﬂpti§§g%%vi?§o 1.has Aeparency in

light other :Irian the specific light. It is preferable that the term “transparéncy” be used based on
sharpness of transmissive mappingd 61 optical ‘condewhichtwill be<definedderemaiter. Here; the
character "0" js indicative of an angle between a line 11 vertical to the entrance surface Si and the light
L incident on tFEBnfrafic&Sbtace 3t of fightiil refiéctéd Froff tHe htrdrite sUtae. Fhe character "Q"

's indicative of apanale peween a.spegilc ine 12.01) the.enliapge surfage 1 apd aprgiegied

component of the incident light L or the reflected light 1,1 to the entrance surface ere, the specific

line 12 on the:ertramoe: surfacescorcespondstio @n-axis inywhichr whendhe aptiealdevice- § s rotated
with respect to the line 11 vertical to the entrance surface Si, light reflected at an angle "g" has
maximum inteRsity< ffthé e aretiio ofmdie akes! (difsciendFof Rasdimurt teAsHy, vhklof the axes is

selected as a/line ]a%ﬁ%%qggn%%ﬁg earqg£%e8 ch acg)%%fv&jsee Eq_’gatj%n w]i:th 8flel%p(-;&ct @'Eo_ Cl)in% iLlavlertical to
the entrance surface is shown by "+0", while an angle "8" of coun erclockivise rotation with respect to
_Line 11 vertitahtectherenteanee surface-issshown by "-08. Arangleshaleckwise ratation with respect to

the line 12 is shown by o
amounts of additive agent be added to the shaped resin
layer, and additive agent for enhancing adhesion be added
to the embedding resin layer. When the embedding resin

layer and the shaped resin layer are substantially

different to a large extent from each other in refraction

JLa

index, 1t is difficult to Look out the window through the
fogged optical device 1. When the amcunts of the additive
agent 1s reduced to a specific value equal to or smaller
than 1% by mass, the optical device 1 can be improved in
transparency sharpness without changing the refraction
index. If it is necessary to add the large amount of
additive agent, it 1s preferable to adijust the combination
ratio of the shaped resin laver to ensure that the
embedding resin layer and the shaped resin laver are
substantially the same in refraction index as each other.
From the point of view of industrial design of the
optical device 1, window materisl and the like, it is
understood that the shaped layer 11 and/or the embedding
resin layer 12 may have characteristic to absorb light in

specific wavelength in the range of visible light. As
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", while an angle "p" of counterclockwise rotation with respect to the line 12 is shown by "-19".

Here, light of a specific wavelength band to be reflected in a specific direction and light to be passed
through the optical device | vary depending on the intended use of the opti. cal device I. For example,
when. the optical device 1 is applied to the window unit 30, it is preferable that light of a specific
wavelength band to be reflected in a specific direction may be near-infrared light, and the light to be
passed through the optical device | may be visible light. More specifically, it is preferable that light of a
specific wavejength band:to.pe reflegted.in a.specific.dicection.may be maiply_negy-infrared light in the
780 nm to 2100 nm range. The optical device 1_ can suppress the rise of room temperature resulting
from light energy passihgathrough thewindawdfrora the sua waded thereonditionrthat theseptigal device
configured to reflect near-infrared light is attached to the window glass. Therefore, the optical device 1
can reduce I64d BF4iF EoAditioRerBhEcHiBde BheRfyPSailigs. Heke, thedaivéctical reflection” refers
to reflection in §j:beé31_'f'- direction_ather t irection of a_regul flection, and intensity which is
sufficiently Ia%g%oin con%ar%o*n@@ﬁ%{?ﬁe i%%%gilt%fqofg%oirg%fre%onga% %fﬁ%:ﬁér% élge,qré%érding
reflection of lighty:itisrpreferabletbhatreflectanee in a specifici\wavelengthbandgfor example, the range
of near-infrared light be equal to or larger than 30%. As another preferable value, reflectance is equal
to or larger thaR“50Y%2RAs FurtRerpreferableirilie, Tefleétanss i ddual 16 bY larger §ianign.
Regarding tr ission of light, it.js ble that transmittance. in a specific length band, for
example, theacggr%g %?gisisft;!lleg iﬁgF%lf;be%%fgz{?l’{llto%ojgr%zilrger than 30%. A%Oapno%ﬁgrrp%l:éa% able value,
transmittancepiszegprat farotiargertban 5090 -As further weferablecralue,dransmittanee 4s£qual to or
larger than 70%. It is preferable that the direction 90 of specific light reflected by the optical device
| attached to tHerwititfow At 3D%e equsl tooT 1arger Biar! -t dsgtedd Cand egartecor smaller than
90 degrees, e the specific light forming part of light from, t an be reflected to the sky. If
there is no hig -é?iésjlg bﬁ;l%%%'in %%éﬁ ng%ﬁbﬁrlhgood’, the %%ﬁcca]fdé\gilggﬁ%&f%gﬁéﬁ?&gﬁ flect specific light
in this directian istavailable: &sithenadt is preferable thatspesifiedight be refleetedsatan angle close to
an angle of (9, -9). Here, it is preferable that deviation from an angle (8, 9) be equal to or smaller than
5 degrees. AS anatheipréferable valies déViatiordronianiCs) , chrome-tin pink (Cr-

doped CaC, 85n0;, S510;), manganese pink (Mn-doped Al,04),

10

salmon plnk (Fe-doped Zr5i0,), and othsr, organic colorant
such as azo-serles colorant, and phthalocyvanine-series
colorant.

{First and second base members]

As shown 1n Flg. 1, the laminated body 10 including
the shaped lavyer 11, the embedding resin layer 12, and the
optical function laver 13 intervenes between the first and
second base members 2Z1 and 22.

Each of the first and second base members 21 and 22 is
made cof transmissive material such as triacetyl cellulose
{TAC), polyester (TPEE), polyvethylene terephthalate (PET),
polyimide (PI), polyamide (PA), aramid, polyethylene (PE),
polyacrylate, polyether sulfone, polysulfone, polypropyiens
(PP), diacetyl cellulose, polyvinyl chleoride, acrylate

resin (PMMA), polycarbonate (PC), epoxy resin, urea resin,

30



angle (8, p) may be equal to or smaller than 3 degrees. As further preferable value, deviation from an
angle (9, may be equal to or smaller than 2 degrees. When the optical device 1 is attached to the
window unit 30, the optical device | can effectively reflect light of specific wavelength band in a specific
direction, which forms part of light from the sky over buildings similar in height to each other and
crammed side by side, to effectively return the light to the sky over nearby buildings. To realize such
directional reflection, it is preferable to use, for example, part of spherical surface or hyberboloid,

three-sided pyeargid. faurzsided pyramid. elicuinegns, or plherthres. dimensiong)giructure. When

light is incident at an angle of (9, p) (-90 degrees <g< 90 degrees), light can bé reflected at an angle of
(Go, co) (0 degrees<GB< 99 degrees,z=90wegrees £90< 90:degrees),atlitlis: peeferableto-use
cylinder extending in one direction. When light is incident at an angle of (9, p) (-90 degrees <p< 90
degrees), light caff5e refletted Atan ARgIESSt (86, P16 Uelrdes’<80<490 degrees) based on the

inclined angle of the.gylinder. .. Itis preferable &@%teq gié%%i&pgl Eeifleg '(ﬁn gzli htvocf a specific
e U,

wavelength to light incident on the entrance surface Si at an incident ang g be close to a
recursive refléctiortneighbethoodidirection pranlange (@,4u) £ Whersthewopticabaeviee 41s attached to
the window unit 30, the optical device 1 can reflect, to the sky, light of a specific wavelength to the sky,
as part of laminated body 10. The first and second base members 21
and 22 are made of material such as polyethylene
~terephthalate smaller in moisture vapor transmission rate
than ultraviolet curable resin. It is possible to suppress
the delamination between the optical function layer 13 and
the embedding resin layer 12, due to the fact that the
moisture is absorbed by the laminated body 10. Further,
the optical device 1 can be reduced in light loss by
reflection, and improved in transmittance, due tc the Ffact
that the first and second base members 21 and 22 are made
of material substantially the same in refraction index as
the shaped layer 11 and the embedding resin laver 12.
Further, it is easy to produce the shaped lavyer 11 and the
embedding resin layer 12 from ultraviolet resin laver, due
to the fact that material has a high transmittance in the
range of ultravioclet light.
The first base member 21 is formed as a layer on the
flat surface 1ib opposite to the structures 1la of the
shaped layer 11. The second base member 22 is formed as a
layer on the flat surface 12b of the embedding resin layer
12, ©On the other hand, it is only necessary to provide
either the first base member 21 or the second base member

22 as a laver.



light from the sky. Here, it is preferable that deviation from an angle (e, p) be equal to or smaller than 5
degrees. As another preferable value, deviation from an angle (0, p) may be equal to or smaller than 3
degrees. As further preferable value, deviation from an angle (9, p) may be equal to or smaller than 2
degrees. When the optical device 1 is attached to the window unit 30 in the range of those angles, the
optical device | can effectively reflect light in a specific wavelength band to the sky, as part of light from
the sky. When, for example, infrared light transmitter and receiver are closely arranged as in infrared

light sensor, if‘ﬁ?b“lﬂamﬂ%ﬂe‘g%u@%w&@(& it dﬁ%@eg%ss ﬁ%é@ait c’gbl(i Lrecursive reflection

neighborhood direction is the same as direction of incident the present |H\C7Ier?tlson, it is not necessary to
sense light infaispecificlight. R4 hetnegessary that the recursive reflection neighborhood direction is
the same as direction of incident light. It is preferable that a sharpness of a light-transmissive

image of an optical ¢orfib of 0.5 i, MRESERETSI lIFhtpassedthrcughithersptical device pbe equal

to or larger than 50, As %%Q%r rzef%ra Jecv%lug, the sharpness of the igigt-t[ansmissive image of the
optical comb of 0.5 mm%e equ% to or | LPger"fﬁa?ﬁe ]é();g\&u‘r?heorp grjéf:ear%b ee\}’alﬂﬁ:ee, the asjﬁarpness of the

light-transmissiverimagerafdhe eptical conb 6f0.5:mm he-egual to_ or targerdhan 5, On the other
hand, when the sharpness of the light-transmissive image of the optical comb of 0.5 mm is smaller
than 50, the lighttrafismidsive ffage terisds beudeiacased \Whert thessHarphess: of thie

Iight-transmiss'plle i e of the optical comb of 0.5 mm, is equal to oy larger than 50, and smaller than
60, there is no p%gt[ﬁ]:;%h With %%%E daily lite %@gﬁ }fh'ourgﬁ?he%gﬁér%ﬁ({asgg?ébéﬁd§oﬁ Bxternal
brightness. Whensthgishaspress-efthec: 1ight L, of a specific wavelength

band in a direction other than a regular reflection
direction (-8, o©+180 degrees), and configured to have
prassed therethrough light L, of a wavelength band other
than the specific wavelength band, as part of light L
incident on the entrance surface 51 at an angle (8, o).

The optical device 1 has transparency in light other tnan
the specific light. It is preferable that the term
“transparency” be used based on sharpness of transmissive
mapping cf cptical comb which will be defined hereinafter.
Here, the character “8” is indicative of an angle between a
line 1. vertical to the entrance surface 31 and the light L
incident on the entrance surface S1 or light L. reflected

from the entrance surface. The character “o” is indicative

g

of an angle between a specific line 1; on the entrance

fei
&

surface 51 and a projected component of the incident light
L or the reflected light L; to the entrance surface S1.
Here, the specific line 1, on the entrance surface
corresponds to an axis in which, when the optical device 1

13 rotated with respect to the line 1, vertical to the

entrance surface 81, light reflected at an angle “o” has

32



transmissive image of the optical comb of 0.5 mm is equal to or larger than 60, and smaller than 75,
the user may be conscious of a diffraction pattern produced in response to an extremely bright object
such as light source, but can look out the window in focus. When the sharpness of the
light-transmissive image ofe optical comb of 0.5 mm is equal to or larger than 75, the user is hardly
conscious of the diffraction pattern. Further, it is preferable that the sum of the measured sharpness of
the light-transmissive Image of the optical combs of 0.125 mm, 0.5 mm, 1.0 mm, and 2.0 mm be equal

o or larger e 230 s anather pipferatle value e, sum.nay beeaual t grarger than 270, As

another preferable value, the sum may be equal to or an 350. When the sum is smaller than
230, the light-transmissive: image terdsi todre defoeused.\Whencor the athes hapd; the sum is equal to
or larger than 230 and smaller than 270, there is no problem with one's daily life even though the
sharpness depentls oitesdérmal biightness. WHER thé sarmig eqial ®reriarget thad 270 and smaller

than 350, the user, mayche conscius, of.a diffraction pattem produced in response to an extremely

bright object such as light source, but can look out the window in focus. hithe sUm'is equal to or
larger than 3%0; theuser isthafdly=consciaus.ef the diffractjon;patierns Hese,dhe sharpngss of the
light-transmissive image of the optical comb is measured on the basis of the Japanese Industrial
Standards K-7£6% b§ IEMET{prGdUCR B Stiga Te5t Fstum@ehts Col ind.) \wWhern ightas be passed

through the optical,device 1 giffcers In Wﬁé{%'éan%th fsg m thegighpgguxce %65, it islpreterqble hat the

sharpness be measured afterrbeefngsggﬁected SS/ & filtér cor esponding (?‘Iigahq%%e éDass% through

the optical deviceckdtisspreterabledhathaze valupbeequal t0.6r 1ine 1, is shown by
“+e”, while an angle “o” of counterclockwise rotation with
respect to the line l: is shown by “-87,

Here, light of a specific wavelength band to be
reflected in a specific direction and light to be passed
through the optical device 1 wvary depending on the intended
use of the cptical device 1. For example, when the optical
device 1 is applied to the window unit 30, it is preferable
that light of a specific wavelength band to be reflected in
a specific direction may be near-infrared light, and the
light to be passed through the optical device 1 may be
visible light. More specifically, it is preferable that
light of a specific wavelength band to be reflected in a
specific direction may be mainly near~infrared light in the
780 nm to 2100 nm range. The optical device 1 can suppress
the rise of room temperature resulting from light energy
passing through the window from the sun under the condition
that the optical device configured to reflect near-infrared
light is attached to the window glass. Therefore, the
optical device 1 can reduce load of air conditioner and

achieve energy savings. Here, the “directional reflection”
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smaller than 6% in the wavelength range having transparency. As another preferable range, haze
value may be equal to or smaller thanfurther- razed, haze may be equal to or smaller than 2%. When
haze value is larger than 6%, the user feels that the sky seems to be cloudy, resulting from the fact
that the transmitted ligh is scattered. Here, haze value has been measured by HM-150 (produced by
MURAKAMI COLOR RESEARCH LABORATORY CO., Ltd.) on the basis of the measuring method
defined by the Japanese Industrial Standards K-7136. When light to be passed through the optical
device 1 difersinsyavelgnathyfiom the Joft squrce 065 it s pigferaple fha hage valug be measured
after being corrected by a filter corresponding to light to be passed through the optlca?aewce 1.
Further, the entrance ptacecS1 of theyoptical devicect, arpreferably both therentrancerplage Si and the
output surface S2 have flathess necessary to prevent the sharpness of the light-transmissive image of
the optical cofib from 58ing Yetéridiatet Spatiicaly Stispréferabls thaaanithimetic &/tage Ra of
roughness b mallet 08 um. As_anot rable value, the arithmetic average
Ra of roughn%gg@rfﬁﬁqkiﬁgaui}:%%%r%ﬁ% tﬁgréf%e.:% G%%rag%rt er Séféar%bf“eo\l}aﬁ%?]the arithmetic

average Pa of iatighness nmay be etiahto er smalterthan 8:04 pas Additionally,theabove arithmetic
average Ra of roughness is calculated through steps of measuring roughness of the entrance surface,
obtaining roufANES<CELHVE o Bvo-thihe AsoRAL Grosé saclicr 86rveL ang eaictiatingretghness

parameter from the rqughn ﬁﬁi:urtve.gﬂﬁeqsu;ergenlcgondig%@is based on the Japanese industrial
Standards B0601: 2001. Thse measurément instrument and. the mﬁesésﬁ%ome%r?trcondition are as follows:

Measuremenpdeviee:sAutomatic Mdicrefigure Measuring-Instument SURFGQRERER £74000A
(produced by Kosaka Laboratory
50%. As further preferable value, reflectance is egual to
or larger than 80%. Regarding transmission of light, it is

preferable that transmittance in a specific wavelength band,

y

k

for example, the range of visible light be equal to or
larger than 30%. As another preferable value,
transmittance is equal to or larger than 50%. 4s further
preferable value, transmittance is egqual to or larger than
70%.

It is preferable that the direction ¢0 of specific
Light reflected by the optical device 1 attached to the
window unit 30 be egual to or larger than -90 degrees, and
equal to or smaller than 90 degrees, because the specific
light forming part of light from the sky can be reflected
to the sky. If there is no high-rise building in the
neighborhood, the optical device 1 configured to reflect
specific light in this direction is available. Further, It
is preferable that specific light be reflected at an angle
clese to an angle of (8, -p). Here, 1t is preferabhlse that

deviation from an angle (€, ¢) be equal to or smaller than

]

5 degrees. As another preferable value, deviation from an
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Ltd.) Measurement condition: Ac - 0.8 mm estimation length: 4 mm cutoff: x5 data sampling interval
0.5um It is preferable that light passed through the optical device | have almost neutral in color,
even though there is such a thing as a colored optical device, light passed through the optical device |
have sickly pastel color such

angle (8, ©) may be egual to or smaller than 3 degrees. As
further preferable value, deviation from an angle (8, @)
may be equal to or smaller than 2 degrees. When the
optical device 1 is attached to the window unit 30, the
optical device 1 can effectively reflect light of specific
wavelength band in a specific direction, which forms part
of light from the sky over bulldings similar in height to
each other and crammed side by side, to effectively return
the light to the sky over nearby buildings. Te realize
such directional reflection, it is preferable to use, for
example, part of spherical surface or hyperboloid, three-
sided pyramid, four-sided pyramid, circular cone, or other
three dimensiocnal structure. When light is incident at an

Tl
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(8, ¢ (-840 cegrees <@« 90 degress), Llight can be

reflected at an angle cof (8y, ¢ (0 degrees <8p< 90 degrees,

s}

-90 degrees <gp< 90 degrees), or it is preferable to use
cylinder extending in one direction. When light is
incident at an angle of (8, ¢} [-90 degrees <p< 90 degrees),
light can be reflected at an angle of (6y, -¢) (0 degrees
<8< 90 degrees) based on the inclined angle of the
cylinder.

It is preferable that a directicnal reflection of
light of a specific wavelength to light incident on the
entrance surface 31 at an incident angle (8, ©) be closs to
a recursive reflection neighborhood direction or an angle
(8, @). When the cptical device 1 is attached to the
window unit 30, the optical device 1 can reflect, to the

sky, light of a specific wavelength to the sky, as part of
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as blue, blue green and green impressing the user favorably. In terms of producing favorable color,
when, for example, the optical device | is exposed to irradiation from the light source D65, it is
preferable that trichromatic coordinate (x, y) of light entered from the entrance surface Sl, and
transmitted through the optical layer 2 and the wavelength selective reflection layer 3, and output from
the output surface 32 be 0.20 <x< 0.35, and 0.20 <y< 0.40. As another preferable range, 0.25 <x<
0.32, and 0.25 <y< 0.37. As further preferable range, 0.30 <x< 0.32, and 0.30 <y< 0.35. In terms of
producing favorghle colopwithputbeing slightly reddishiin color,. iLis peferable that y » x:Q,02. As
another preferable value, y > x. When the color of light reflected from the optical device 1 depends on
the direction 6f-thre incidentlight,(it is mot greferghlelthatthe:change e cotoraf the optical device
applied to, for example, the window of a building is caused depending on a location of the window or a

direction in wHich &Pt 108k§ At fife windtiv-ihile WaTKiAG. iRTordérto éohtfdt e chdnge in color of
the optical deyjce.L. it js.preferable that light enfers the ﬁglt{a@c%@a%f@%% Sl gr the output surface 32 at

an angle "6" equal to or larger than 0 degrees, and equal to or smaller than 60 degrees, the absolute
value of the differenceinf ehromaiic, caerdinate 8xi' andsthezabsotute value, oftherdifference of

chromatic coordinate "y" of light reqularly reflected by the optical layer 2 and the wavelength selective
reflection lay&3 e equaPto GFémaftér thad™.65 FEEAET BrinciPar Suffage o e aptical device 1, as

another prefesable yalue, equal 1o o smallr than 0,03, a5 furihet prsferable yalue, equal t o smaller
itati i meri nge out?}1e(¥h %

than 0.01. It is preferable that the limitation of the numerical range a romatic coordinates "Xx"

and "y" of thettefleetedrlight be satisfiechin each abtheentrancersusiace 5d:ard thereutpytsurface 52.
[Heat Reflecting Window] In this embodimgnt, the optical device 1 is connected to the window unit
30 so that the- efbeddingfreSifiayér 12 Y& leatdtoh tha pput Sidelst light (orpthesidd opéutside),

and the shapgg er 105§ I %aete on th tput side of light. The sechd bas,ewme er22is
connected to thg?v%/ﬁlng]éw un?’[ 30t rgu'gh(%{[\yl;%eé génﬁgcrtio%}i%/néjr]’z%, AR intétface Site \%een the

connection layen23ref the: second base-member:22 isfflatand formedasan input surface of light
passed through the window unit 30. On the other hand, the surface 52 of the first base member 21 in
contact with aifisffed asAH o GPUE Stiface 6fight pabsed thréagh Bife optical deviceili<The heat

reﬂec“ngVW”QQ“G%Qme@ssary that the recursive reflection neighborhood

Glrection is Tne same as directicn of incident Light. In

the present invention, 1f is not necessary to sense light
in a specific light. It is not necessary that the
recursive reflection neighborhood direction is the same as
directien of incident light.

It is preferable that a sharpness of a light-
transmissive image of an optical comb of 0.5 mm, measured
from light passed through the optical device, be egual to
or larger than 50. As another preferable wvalue, the
sharpness of the light-transmissive image of the optical
comb of 0.5 mm be egual to or larger than 60. As further
preferable value, the sharpness of the light-transmissive
image of the optical comb of 0.5 mm be equal to or larger
than 72. On the other hand, when the sharpness of the

light~transmissive image of the optical comb of 0.5 mm is
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(window material) according to this embodiment is composed of the optical device 1, the connection
layer 23, the window unit 30, and the like. The connection layer 23 is formed of transmissive
adhesive or pressure-sensitive adhesive, and formed of material the same in refraction index as the
second base member 22 or/and the window unit 30. The optical device 1 can be improved in light loss
by reflection at the interface and in transmittance. In general, the window unit 30 is formed of
various architectural or vehicular glass materials. However, the window unit 30 may he made of

polycarbonate plate.acrylig plage, orvatiousesinmaterial. The window unit 30 may e composed of

not only single-layered but also multilayered glass such as double glass. Fig. 6 is a schematic view
for explainingi&f operation oftheroptical devicei(teminated:bedy: 1@} Theopticat deviee 1 is
configured to reflect infrared light L| which forms part of sunlight transmitted through a light entrance
surface S|, and' P have piSSedersthrodgiVisibte fight (P whieh36ids part ot SuhRghtEFansmitted

through the light entrance;syrface. shand eughutight Quaflye ;o o Sroplem with

one’s dally life even though the sharpness depends on
external brightness. When the sharpness of the light-
transmissive image of the optical comb of 0.5 mm is equal
to or learger than 60, and smaller than 75, the user may be
conscious of a diffraction pattern produced in response to
an extremely bright object such as light source, but can
lock out the window in focus. When the sharpness of the
light-transmissive image of the cptical comb of 0.5 mm is
equal to or larger than 75, the user i1s hardly conscious of

the diffraction pattern. Turther, it is eferabl

e

referanls tThaz
the sum of the measured sharpness of the light-transmissive
image of the optical combs of 0.125 mm, 0.5 mm, 1.0 mm, and
2.0 mm be egual to or larger than 230. 2As another
preferable value, the sum may be eqgual to or larger than
270. As another preferable value, the sum may be equal to
or larger than 350. When the sum iz smaller than 230, the
light-transmissive image tends to be defocused. When, on
The other hand, the sum is equal to or larger than 230 and
smaller than 270, there is no problem with one’s daily life
even though the sharpness depends on external brightness.
When the sum is egual to or larger than 270 and smaller
than 350, the user may be conscicus of a diffraction
pattern produced in response to an extremely bright object

such as light socurce, but can look out the window in focus.
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surface 2. The optical device | thus constructed can improve the visibility of the view from the window
while suppressing the rise in temperature inside of the room or car. In the optical device 1
according to the present embodiment, the optical function layer 13 is formed on the structures lla, and
recursively reflects infrared light (heat ray) Li in a direction of incident light. Therefore, the optical
device 1 can suppress the rise in temperature near the window unit 30 as compared to the case where
the incident light is regularly reflected on the selective reflection layer. In the optical device 1

according (o the-presentembadimentthe embedding resin layer.12 fingtions, as . layer configured to
protect the structures ha and the optical function layer 13. Therefore, the embedding resin layer 12 can
protect the stiuctgres ilacarmt-theweptical fumetidn fayer 13 frommdefacement aad damage, and the

optical device 1 can be improved in durability. Further, the thickness of the flat layer 12b is adjusted so

that the ratio 8f he"CUHIC vBltinte Esetofit cUbcVSItine) of the it 94y &+ 28 formirig- fart of the
embedding resijayer 1210 the cybic.valyme(ficst cubie %@%&%@Ss%”ﬁﬁ%?gé%%%rllza forming

part of the embedding resin layer 12 becomes equal to or larger than 5%. Theretfore, it 1S possible to
effectively abSorrtherésidiial sthéssoof themesin formed.asdbe embragingreesin layer 12 cured by
ultraviolet light. The optical device 1 can be improved in durability, and prevent the transmittance of the
optical device I foRBEHgEdéterioratédiby de HnfiRatidi Between therspticarfuneten iyer 13 and the

structured layer, 428, Manyfaguying Methardor Optical devicel .. Hereinafter, & manyfacturing

method for the optical device 1 according to the present embodiment will be “des.cﬁTFib*e%j,gf igs. 7 and 8
are schematic prosessiiastsifor explaining:stepsof the manufacturdng method forthe optical device

1 after being corrected by a filter corresponding fo light to
be passed through the optical device 1.

It is preferable that haze value be equal to or
smaller than 6% in the wavelength range having transparency.
As another preferable range, haze value may be egual to or
smalier than 4%. As further preferable range, haze valus
may be equal to or smaller than 2%. When haze value is
larger than 6%, the user feels that the sky seems to be
cloudy, resulting from the fact that the transmitted light
is scattered. Here, haze value has been measured by HM-150
(produced by MURAKAMI COLCR RESEARCH LABORATORY CO., Ltd.)
on the basls of the measuring method defined by the
Japanese Industrial Standards K-7136. When light to be
passed through the optical device 1 differs in wavelength
from the light source D65, it is preferable that haze value
be measured after being corrected by a filter corresponding
to light to be passed through the optical device 1.
Further, the entrance place S1 of the optical device 1, or
preferably both the entrance place S1 and the output

surface 52 have flatness necessary to prevent the sharpness
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As shown in Fig. 7A, the shaped layer 11 having structures lla is firstly formed. As an example of a
method of forming the shaped layer 11, a mold tool having a patterned indented surface corresponding
to the structures ha is produced. The concave-convex shape of the mold tool Ultraviolet curable resin
is then transcribed transferred from to ultraviolet curable resin the concave-convex shape of the mold
tool. The base member 21 functions as a support to separate the mold tool from the ultraviolet curable
resin transferred with the concave-convex shape. The shaped layer 11 is formed from ultraviolet

curable resin through thii§gq{gc%§%ﬁsmﬁéssﬂ9¥vniiﬂagjg' J4=3 t{}?eo t?@kwfti%gr{*@%rlgmjs then
|

formed on the structures ha of the shaped layer U. The optical function layer 13 is an optical multilayer
film configuredaorreflecttinfraredslight,.and tebave wisihle light passedrtherethrought: The optical
function layer 13 is formed by a dry process such as sputtering method arc vacuum deposition

method. How&Ver: thE bpicalfGréiton Beris hralFbe feriedefby a4vet piecéss siiehlasdip method,
die coating mefhad, andispipy coalingqaethod. . /s shawa iy £10, 70, &;specific quantity.of paste of

uncured ultraviolet resin 12R is fed on the optical function layer orfed on the structures ha. As
shown in Fig.:8/;aftes the second hase member,22is stacked en the resin 12R:indayars, the resin
12R is forced to be distributed throughout the entire area of the structures his of the shaped layer 11.
In this process; the stfuctubés hi andthe bplicaTtRétor Rayer 13 Hre enibisddedtin the ultraviolet

curable resin el is.ne 0.adjust a._pressing force to change the distance "T" between
the shaped Iaﬁ%{%dﬂ%e%s%c%?%%%%%eﬁ rhpe equgl toor Smgﬁer B
0.04 um. Additionally, the above arithmetic average Ra of
roughness 1s calculated through steps of measuring
roughness of the entrance surface, obtaining roughness
curve from two-dimensional cross-section curve, and
calculating roughness parameter from the roughness curve.
Measurement condition 1s based on the Japanese Industrial
Stancards BU6UL: 200L. The measurement instrument and the
measurement condition are as follows:
Measurement device:
Automatic Microfigure Measuring Instrument
SURFCORDER ET4000A (produced by Kosaka Laboratory
Ltd.)
Measurement condition:
A = 0.8 mm
estimation length: 4 mm
cutceff; x5
data sampling interval O0.5um
Tt is pref@rable that light passed through the optical
device 1 have almost neutral in color, even though there is
such a thing as a colored optical device, light passed

through the optical device 1 have sickly pastel cclor such
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22 to a specific value. The distance "T" between the shaped layer 11 and the second base
member 22 corresponds to the thickness of the flat layer 12b (see Fig.and this distance is adjusted so
that the ratio of the cubic volume (second cubic volume) of the resin 12R in an area specified by this
distance "T" to the cubic volume (first cubic volume) of the structured layer 12a becomes equal to or
larger than 5%. It is possible to effectively suppress delamination of the optical function layer 13,
resulting from residual stress of the structured layer 12a in the area of the concave section 111 of the
shaped layer 12, jnifie, progess gL GWINGIE (2, - ASSHOWR ILEIRL 35, iRy Jb 125 Is uhen
sublitctol to, and cured by ultraviolet light fromthe ultraviolet lamp 40 through the second base
member 22. The erbedding resivthyer 12 is formed-theought this process. As shewarnin Fig. 80, the
optical device 1 according to the present embodiment is produced through this process. The optical
device 1 is not Spetiicafly imfted i thicknessSWRTHER arbitrafiffdetdimired basBd diespecification or
application wihigsfor xample ;& Enge ow 50070 300.P o . Elg 85 aschematc view showing
a construction of an example of the manufacturing apparatus for the optical device 1. The
manufacturing appatatas 50 shown incEigl Qdias acfirst feeding-roller ba configureddo feed a sheet-like
first base member 21F, a second feeding roller 52

surface 51, and transmitted through the optical layer 2 and
the wavelength selective reflection layer 3, and output
from the output surface 52 be 0.20 <x< 0.35, and 0.20 <y<
0.40. As another preferable range, (.25 <x< 0.32, and 0.25
<y< 0.37. As further preferazble range, 0.30 <x< 0.32, and
0.30 <y< 0.35. In terms of producing faverable color
without being slightly reddish in color, it is preferable
that v > %x-0.02. As another preferable value, v > x. When

; o T e = P i~ e 4 — 3
the color oI light reflected

By

rom the optical device 1
depends on the direction of the incident light, it is not
preferable that the change in color of the optical device 1
applied to, for example, the window of a building is caused
depending on a leocation of the window cor a direction in
which a person locoks at the window while walking. In order

to contrel the change in color of the optical device 1, it

is preferable that light enters the entrance surface 81 or
the output surface 82 at an angle “8” equal to or larger
than 0 degrees, and equal to or smaller than 60 degrees,
the absclute value of the difference of chromatic

A3 't

coordinate “x” and the absclute value of the difference of
chromatic coordinate “y” of light regularly reflected by
the optical layer 2 and the wavelength selective reflection

layer 3 be equal to or smaller than 0.05 in each principal
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configured to feed a sheet-like second base member 22F, an application nozzle 61 configured to
discharge ultraviolet curable resin 12R, and an ultraviolet lamp 40. As shown in Fig. 73, the first base
member 21F is configured to support the shaped layer 11 with the optical function layer 13. The
second base member 22F corresponds to the second base member 22 shown in Fig. 8A. The
manufacturing apparatus 50 further has a first laminating roller 54, a second laminating roller 55, and a
winding roller 53. The first laminating roller 54 is made of rubber, while the second laminating roller 55
s made of metal.¢a o healliaulolal crabledesin J2R s applialda s optieal dyngtiop layer 13 formed
on the first base member 21 through an ao.oicatHon nozzle 61. The first base member 21F and the
second base vaémber 22 ate ted by thenguite roltersr560ank 57 ixto augap betweenthedaminating
rollers 54 and 55 to produce a laminated film 1F so that the ultraviolet curable resin 12 is sandwiched
between the fifst Base RiEifiber21Eandthe se€ord'Base mitmber 22E STRE Giftfvidlétresin layer 12R

in the Iaminatggaﬁ!mt]ffei% %Q(E%tgg ég, %r;fd gﬁrgdﬂﬂﬁg%oi{gf. to %%vi (%%H@httfﬁ%m the ultraviolet

lamp 40. The winding roller 53 is configured to continuously wind the produced laminated film . The
laminated film:ifr camespondsdodhe deltdike:optieabdevice 1 shown indig-83.cd4 TherHnapufacturing
apparatus 50 thus constructed can continuously produce the optical device 1F, and enhance the
productivity of tHe-GpticHf device™ I by tisingithgéfirstance surface S1 and the output

surface 32.
[Heat Reflecting Window]

In this embodiment, the optical device 1 is connected
to the window unit 30 so that the embedding resin layer 12
ig located on the input side of light (on the side of
outside), and the shaped layer 11 is located on the output

side of light. The second base member 22 1s connected to

o)

the window unit 30 through the connection laver 23. An
interface S1 between the connection laver 232 of the second
base member 22 1s flat, and formed asg an input surface of
light passed through the window unit 30. On the other hand,
the surface S2 of the first base member 21 in contact with
alr 1s formed as an output surface of light passed throucgh
the optical device 1. The heat reflecting window 100
(window material) according to this embodiment is composed
of the coptical device 1, the connection layer 23, the
window unit 30, and the like.

The connection layer 23 is formed of transmissive
adhesive or pressure-sensitive adhesive, and formed of
material the same in refraction index as the second base
member 22 or/and the window unit 30. The optical device 1

can be ilmproved in light loss by reflection at the
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base member 21F and the second base member 22F. This optical device 1F is out out on the basis of
dimensions of the product. The manufacturing apparatus 50 is not limited by the configuration
shown in Fig. 9. For example, the ultraviolet lamp 40 may be located on the side of the second base
member 22F to output ultraviolet light. The first base member 21F may be fed from the second feeding
roller 52, and the second base member 22F may be fed from the first feeding roller 52. As
explained with reference to Fig. 8A, the laminating rollers 54 and 55 produce a laminated film IF from

ultraviolet curable.resin-12R through.a gap. T+ betyeen the first base member 21F (optical functdon
layeano. the second base member 22F (22) placed in face-to-face relationship with each other. The

gap "T" between thelfirstbase mlembér2 1R and theisecoritlbase memibser 22F canr bewasjusted on the
basis of viscosity of the ultraviolet curable resin 12R, tension of each of the first and second base

members 21F Ahb 928 bresstrd hpphdd it sétbhtdamitatingFofier 55ByAHE Firstlafinating roller
>, and the li@:ndo 1610 s ppianvisw iRaexplalping,an example.ota mefad of adieting the gap
ifm

"T". In this example shown in Fig. 103,/ the gap "T" is maintdined to form the laminate ina
space "S" betweerethedirstlaminating-eoilen 54 anethe seconddaminading rofer-5%(The:space "S" is
formed underb the condition that flanqe-shqped spacers 54s .
e composed of not only single-lavyered but also
multilayered glass such as double glass.

Fig. © is a schematic view for explaining an operation
of the optical device 1(laminated body 10). The optical
device 1 is configured to reflect infrared light L1 which
forms part of sunlight transmitted through a light entrance
surface 51, and to have passed therethrough visible light
L2 which forms part of sunlight transmitted through the
light entrance surface 51 and ocutput Ifrom a light outpu:
surface Z. The optical device 1 thus constructed can
improve the visibility of the view from the window while
suppressing the rise in temperature inside of the room or
car.

In the optical device 1 according to the present
embodiment, the optical function layer 13 is formed on the
structures 1la, and recursively reflecte infrared light
(heat ray) L1 in a direction of incident light. Therefors,
the optical device 1 can suppress the rise in temperature
near the window unit 30 as compared to the case where the
incident light is regularly reflected on the selective
reflection laver.

in the optical device 1 according to the present

embodiment, the embedding resin layer 12 functicns as a
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formed at both ends of the first laminating roller 54 are brought into oontact with the second laminating
roller 55. The space "S", i.e., the gap can be adjusted by elastic deformation of the spacers 54s and
pressure applied to the second laminating roller 55 by the first laminating roller 54. [Practical
Examples] Hereinafter, practical examples of the optical device according to the embodiment of
the present invention will now be described. However, the present invention is not limited to the
following examples. Optical device samples different from each other in type of ultraviolet curable
resin of the embedding.iesinayer,12 and.unlume of the fatlayer, 12 of e embedeing resin laver 12
have been produced, and thén tested in‘temporal change of transmittance. rior to producing
optical device>sarmples, aumolditoal 8G:ghawn in Fighkl bas been preduceskofNi-B, ard has a
structure surface 80a formed with concave sections arranged successively. Each of the concave
sections is a pAHtin ShapélisBE&EIES tridrie - Shape tctoss-8eetish, Beepmbinithickness (pitch of

the concave segfions), and.25.pmiy depi; The-apex angle ofahe prisn:shaped concave sections is

90 degrees (angle necessary to effectively enhance its directiona reflection propertf). The samples of
the optical deviceitharejelassiied inta:thiee groups vespectivelymaade of the fatlewing ultraviolet
curable resins "A", "B", and "C" in fundamental composition. The shrinkage ratio of the resins "A", "B",
and "C" are 3%-°89% HntlESY% iRt Volkhe, redpedtiviéty. <Flihdafetitaleorfsositiort bfthetresin "A"

ratic of the cubic volume (second cubic volume) of the flat
layer 1Z2b forming part of the embedding resin layer 12 to
the cubic velume (first cubic veolume) of the structured
layer 1Z2a forming part of the embedding resin layer 12
becomes equal to or larger than 5%. Therefore, it is
possible to effectively absorb the residual stress of the
resin formed as the embedding resin layer 12 cured by

ultraviclet light. The optical desvice I can be improved in

{2

durability, and prevent the transmittance of the optical
device 1 from being deteriorated by delamination between

the optical function layer 13 and the structured layer 12a.

[Manufacturing Method for Optical device]

Hereinafter, a manufacturing method for the optical
device 1 according te the present embodiment will be
described. figs. 7 and 8 are schematic process charts for
explaining steps of the manufacturing method for the
optical device 1.

As shown in Fig. TA, the shaped layer 11 having
structures 1la is firstly formed. As an example of a

method of forming the shaped layer 11, a mold tool having a

patterned indented surface corrssponding to the structures
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Urethane Acrylate ("TARONIX" produced by Toagosei Co., Ltd. (Registered Trademark of Toagosei
Co., Ltd.)): 97 weight percent, and Photopolymerization Initiator ("IRGACURE 184" produced by
Nippon Kayaku Co., Ltd. (Registered Trademark of Ciba Holding Inc., Switzerland)): 3 weight percent.
<Fundamental Composition of Resin "S" Urethane Acrylate ("ARONIX" produced by Toagosei Co.,
Ltd.): 82 weight percent, Cross-linking Agent ("T2325" produced by Tokyo Chemical Industry Co.,
Ltd.): 15 weight percent, and Photopolymerization Ini54.5R5A5B5 184" produced by Nippon Kayaku

CoqleJ:3vaghggagggaggg@danyﬁgagggggggmgghgkgs%ga e of the mold tool
Ultraviclet curable resin is then transcribed transferred
from to ultraviclet curable resin the concave-convex shape
of the mold tocl. The base member 21 functions as a
support te separate the mold tool from the ultraviolet
curable resin transferred with the concave-convex shape.
The shaped layer 11 is formed from ultraviolet curable
resin through this process.

As shown in Fig. 7B, the optical functicn laver 13 is
then formed on the structures 1llz of the shaped layer 11.
The optical function laver 13 i1s an optical multilayer f£ilm
configured to reflect infrared light, and to have visible

light passed therethrough. The optical function layer 13

oY oa GYrY DIOfesE such 23 sputiterin

il

matnod andg

e

]

1)

vacuum deposition method. However, the cptical function
layer 13 may be formed by a wet process such as dip method,
die coating method, and spray coating method.

As shown in Fig. 7C, a specific quantity of paste of
unicured ultraviolet resin 12ZR is fed on the optical
function layer 13 formed on the structures lla. As shown
in Fig. 8ARA, after the second base member 22 is stacked on
the resin 12ZR in lavers, the resin 12R is forced to be
distributed throughout the entire area of the structures
lla of the shaped layer 11. In this process, the
structures 1lla and the optical function layer 13 are
embedded in the ultravicliet curable resin 12R. Here, it is
necessary to adjust a pressing force to change the distance

"T" between the shaped layer 11 and the second base member
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Urethane Acrylate ("ARONIX" produced by Toagosei Co., Ltd.): 48.5 weight percent, Cross-linking
Agent ("T2325" produced by Tokyo Chemical Industry Co., Ltd.): 48.5 weight percent, and
Photopolymerization Initiator ("IRGACURE 184" produced by Nippon Kayaku Co., Ltd.): 3 weight
percent. (Example 1) The resin "B" was applied to the structure surface 80a of the mold tool 80, a
75 um-thin film of polyethylene terephthalate (hereinafter simply referred to as "PET film") ("COSMO
SHINE A4300" produced by Toyobo Co., Ltd.) was formed on the resin "B" applied to the structure

surface 80a. The resin "ggeg@szibgn&élgj%cyed to, and cured by ultraviolet light through the PET film.
The laminated layer of the resin "B" and the PET film was then separated from the mold tool 80. The
resin layer (shaped layer d1Eig: 7A)) having austricture-sustaceprovided with the-arranged
prism-shaped concave section 111 (Fig. 2) was produced through this process. Then, alternating
layers of a lay&iThade of 3fcWIRE and 4 1876 maderstsilver wére theh tdmesd on the prism-shaped

e LT e s e e o
layer of 11 nradn thiekness: apd @izine exidesfer 0f.3% insiMtRiEkNeSS cnd cubic volume)

of the resin 12R in an area specified by this distance “T7

to the cubic volume (first cubic volume) of the structured

layer 1Za becomes egual to or larger than 5%. It is

possible to effectively suppress delamination of the

optical function layer 13, resulting from residual stress

of the structured layer 12a in the area of the concave

section 111 of the shaped layer 12, in the process of

curing the resin 12R.

As snown Ln Fig. 8B, the resin LZR is then subiected
te, and cured by ultraviolet light from the ultraviolet
lamp 40 through the second base member 22. The embedding
resin layer 12 is formed through this process. As shown in
Fig. 8C, the optical device 1 according to the present
embodiment is produced through this process. The optical
device 1 is not specifically limited in thickness, which is
arbitrarily determined based on specification or
application within, for example, & range from 50 um to 300
T

Fig., 9 is a schematic view showing a constructicn of
an example of the manufacturing apparatus for the optical
device 1. The manufacturing apparatus 50 shown in Fig. 9
has a first feeding roller 51 configured to feed & sheet-
like first base member 21F, a second feeding roller 52
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were produced by the sputtering method. After the resin "B" was applied to the optical function
layer, a PET film ("COSMO SHINE A4300" produced by Tovobo Co., Ltd.) was formed on the resin
"B". This resin "B" was then subjected to, and cured by ultraviolet light through the PET film. The
embedding resin layer 12 (Fig. 80) was formed through this process. The optical device samples
produced through the above process were cut out on the basis of the dimensions of sample by a
microtome at normal temperature. Then, cross-sectional images of those samples were then taken by
an industrial picrescope. (produged by 9'%@@&%-Qﬂszgrage@o%ségg@-rkéysegbl gtlens, .
magnification is 50 or 100. The optical device samples were then measured In thickness "T" (see Fig.
8A) of an areamolrespondingtothe flatlayes12h {see &Fige ) frosrthose«<ross-sectioned tmages by an
image processer (produced by MITANI CORPORATION). In each sample, the ratio in volume of the
flat layer to tHe*¢Gresporiting concaverdettivn (Hefeirditet Shhplyaarerfet: to A8 "vélante rdfio”) was
calculated from ghe meastied tidiciess L, apd fhe. resulty rewealed i the yolume afio ot each
sample is 15%. Additionally, the volume ratio is adjustable to any valué by the pressurg?or"t e
lamination of the: abowe RETLfilver 1 Eachtsample of the opticat deviceas thearmeasured in
transmittance in the range of visible light (wavelength: 550 nm). In order to evaluate the change in
transmittance’ 6fe & Sampks SfeF 8 HiGH-tem peratirecaricPRig Bi-Humidiity test SRiscat#igd out through
1500 hours i tant t at humidity unit (temperature; 60 degrees Celsius,.and relative
humidity: 900%)%@%%%1 ?gm%{g%gg%hg Efp%?% de%é W%%vmxe%aaéulﬁég again infransmittance inthe range
of visible lightt(wavelength: 550 ppy)day "T=7100 predueed by JASCO Cosporatign. (Example 2)

leminating roller 55, and a winding roller 53. The first
laminating reller 54 is made of rubber, while the second
laminating roller 55 is made of metal.

The uitraviolet curable resin 12R is applied to the

optical function layer 13 formed on the first base member

—f

1 through an appliicacion nozzle 61. he Zirst pase member

| E]
18]

21F and the second base member 22F are led by the guide
rollers 56 and 57 into a gap between the laminating rollers
54 and 55 to produce a laminated film 1F so that the
ultraviclet curable resin 12 is sandwiched between the

first base member 21F and the second base member 22F. The
ultraviclet resin layer 12R in the laminated film 1F is
subjected to, and cured in response to ultraviolet light
from the ultravioclet lamp 40. The winding roller 53 is
configured to continuously wind the produced laminated film
1¥. The laminated fiim 1F corresponds to the belt-like
optical device 1 shown in Fig. 8C.

The manufacturing apparatus 50 thus constructed can
continuously produce the optical device 1F, and enhance the

productivity of the optical device 1F by using the first
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A sample of the optical device having a flat layer having a volume ratio of 26% was produced in a
manner the same as that of the example 1. The change of the transmittance of this sample was then
measured under a specific condition the same as that of the example 1 before and after a
high-temperature and high-humidity test. (Example 3) A sample of the optical device having a flat
layer having a volume ratio of 50% was produced in a manner the same as that of the example 1. The
change of the transmittance of this sample was then measured under a specific condition the same as

that of the examylle 1 hefare and-affer.a high-temperatyre and high-humidity test, (Example 4) A

sample of the optical device having a flat layer having a volume ratio of 106% was produced in a
manner the sapie.as thatof the:example Luthe-change ohihetiransmitiance. nkthis sarmplerwas then
measuredder a specific condition the same as that of the example 1 before and after a
high-temperati@ acPrighthumidity test. (Example A sample of the optical device having a flat

ayer having a voluryg, atlpof 208% was prodyced In.g manne Jh same, gs that af he. gxample 1.
un

The change of the transmittance of this sample was then measure er a specifl condition the
same as thatof tfe example-t befererantraftera. high-temperatreand high-<umidity test. (Example
6) A sample of the optical device having a flat layer having a volume ratio of 301% was produced
in a manner the 'sate-4s tat'citke &Xample PETHEERafRGe BFtheltrarshiitafiée bRthis sample was

ifi iti . re and after a

LA, SRSl aion e s SR L e T
first base memiber Z1F may be fed from the second feeding
roller 52, and the second base member Z22F may be fed from
the first feeding reller 52,

As explained with reference to Fig. 8A, the laminating
rollers 54 and 55 produce a laminated film 1F from
ultraviolet curable resin 12R through a gap “T” between the
first base member Z1F (optical function laver 13) and the

second base member Z2ZF (22) placed in face-to-face
relationship with each other. The gap “T” between the
first base member 21F and the second base member 22F can be
adjusted on the basis of viscosity of the ultraviolet
curable resin 12R, tension of gach of the first and second
base mempers Z1F and ZZF, pressure applied to the second
laminating roller 55 by the first laminating roller 54, and
the like.

Fig. 10 is a plan view for explaining an example of a

method of adjusting the gap “T”. In this example shown in

txy

"1g. 10, the gap “7T” is malintained to form the laminated
film 1F in a space “S8” between the first laminating roller
54 and the second laminating roller 55. The space “S8” is

formed under the condition that flange-shaped spacers 54s
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A sample of the optical device having a flat layer having a volume ratio of 610% was produced in a
manner same as that of the example 1. The change of the transmittance of this sample was then
measured under a specific condition the same as that of the example 1 before and after a
high-temperature and high-humidity test. (Example 8) In place of the resin "B", a sample of the
optical device having a flat layer having a volume ratio of 5% was produced from the resin "A" in a
manner the same as that of the example 1. The change of the transmittance of this sample was then

measured undgt, g spegific,condition the same,as that of the example | before and after

high-temperature and nigh-humidity test. (Example 9) In place ofresin "B", a sample of tf?ee optical
device having-adtat fayet having-a valumevtatio of :SO%ewas praducedftomdhe sasia #C% i a manner
the same as that of the example 1. The change of the transmittance of this sample was then measured
under a specific CoRbitioh the same &s that'sT tHé Bxample E haforedrfiFafisr £Rightemperature and

mgh*“”“““¥f§§5rmatiun of the spacers 54s and pressure applied to the
second laminating roller 55 by the first laminating roller
54. [Practical Examples]

Hereinafter, practical examples of the optical device
according to the embodiment of the present invention will
now be described. However, the present invention 1s not
limited to the following examples.

Optical device samples different from each other in
type of ultravioliet curable resin of the embedding resin
layer 12 and volume of the flat layer 12b of the embedding
resin layer 12 nave been produced, and then tested in
temporal change of transmittance.

Pricr to producing coptical device samples, a mold tool
80 shown in Fig. 11 has been produced of Ni-P, and has a
structure surface 80z formed with concave sections arranged
successively. Each of the concave sections is a prism in
shape, isosceles triangle in shape in cross-section, 50 um
in thickness (pitch of the concave sections), and 25 pm in
depth. The apex angle of the prism-shaped concave sactions
is 90 degrees (angle necessary to effectively enhance its
directional reflection property). The samples of the
optical device 11 are classified into three groups
respectively made of the following ultraviolet curable
resins “A”, “B”, and “C” in fundamental composition. The

shrinkage ratic of the resins “A”, “B”, and “C” are

O8]
o

, 8

o\
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(Example 10) In place of the resin "B", a sample of the optical device having a flat laver having a
volume ratio of 100% was produced from the resin "C" in a manner the same as that of the example 1.
The change of the transmittance of this sample was then measured under a specific condition the
same as that of the example 1 before and after a high-temperature and high-h. umiditest. (Example
11) In place of the resin "B", a sample of the optical device having a flat layer having a volume ratio
of 204% was produced from the resin "C" in a manner the same as that of the example 1. The change

of the transmiftance ©f thig samplg was thendneasyred under a specific condition the same as that of
the example | before and after a high-temperature and high-humidity test. (Example 12)
<Fundamental compcsition of the resin “A”>

Urethane Acrylate (“ARONIX” produced by Toagesel Co., Ltd.
(Registered Trademark of Toagoseil Co., Ltd.)): 87 weight
percent, and

Photopelymerization Initiator (“IRGACURE 184” produced by
Nippon Kayaku Co., Ltd. (Registered Trademark of Ciba
Holding Inc., Switzerland)): 3 weight percent.
<Fundamental Composition of Resin “B”>

Urethane Acrylate (“ARONIX” produced by Toagosel Co.
Ltd.): 82 weight percent,

Cross~linking Agent (“T2325" produced by Tokyo Chemical

Industry Co., Ltd.): 15 weight percent, and
Photopoiymerization Initiator [(YWIRGACURD 1847 produced by
Nippeon Kayaku Co., Ltd.): 3 weight percent.

<Ffundamental Compositicon of Resin “C7>

Urethane Acrylate (“ARONIX” produced by Toagosel Co.,
Ltd.): 48.5% welght percent,

Cross-linking Agent (“T2325” produced by Tokyve Chemical
Industry Co., Ltd.): 48.5 weight percent, and
Photopelymerization Initiator (“IRGACURE 184” produced by
Nippon Kayaku Co., Ltd.): 3 weight percent.

{Example 1)

The resin “B” was applied to the structure surface 80a
of the mold teol 80, a 75 um-thin film of polyethyvlene
terephthalate (hereinafter simply referred toc as “PET
£ilm”) (“COSMO SHINE A4300” produced by Toyobo Co., Ltd.)

was formed on the resin “B” applied to the structure

49



In place of the resin "B", a sample of the optical device having a flat layer having a volume ratio of
303% was produced from the resin "C" in a manner the same as that of the example 1. The change of
the transmittance of this sample was then measured under a specific condition the same as that of the
example 1 before and after a high-temperature and high-humidity test. (Example 13) In place of
the resin "B", a sample of the optical device having a flat layer having a volume ratio of 612% was
produced from the resin "C" in a manner the same as that of the example 1. The change of the

transmittance; of this sample was:then measured under a.specific condition the sameas that of the
example 1 before and after a high-temperature and high-humidity tést. (Comparative example 1) A

sample of thecoptical device thaving adlat layen thaying agiolume ratity off 0% wasreduced in a manner
the same as that of the example 1. The change of the transmittance of this sample was then measured

under a specifi"tohditioh tha éamé s that fthe xamplé i hefore aid afterd highttehidtature and
mgh*“”“““%ﬁ@éé£§9QHR¥§@ﬁ3@ﬁ@nﬁgﬁé)tooi 80. The resin laver {shaped

layer 11 (Fig. 7A)) having a structure surface provided
with the arranged prism-shaped concave section 111 (Fig. 2}
was produced through thiszs processs.

Then, alternating lavers of a layver made of zinc oxide
and & layer made of silver were then formed on the prism-
shaped structure surface as the optical function laver.
Here, the alternating lavers of a zinc oxide layer of 35 nm
in thickness, a silver layer of 11 nm in thickness, a zinc
oxide layer of 80 nm in thickness, and a layer of 11 nm in

Chicknaess, and & Zing oxids Laver of 2

25 mmoin thickness

Fh

were produced by the sputtering method.

After the resin "B” was applied to the optical
function layexr, a PET film (“COSMO SHINE 243007 produced by
Toyobo Co., Ltd.) was formed on the resin “B”. This resin
“B” was then subjected to, and cured by ultraviclet light
through the PET film. The embedding resin laver 12 (Fig.
8C) was formed through this process.

The optical device samples produced through the above
process were cut out on the basis of the dimensions of
sample by a microtome at normal temperature. Then, cross-
secticnal images of those samples were then tTaken by an
industrial microscope (produced by Clympus Corporation,
OLE3000). Here, object lens magnification is 30 or 100.

The optical device samples were then measured in thickness
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A sample of the optical device having a flat layer having a volume ratio of 14% was produced in a
manner the same as that of the example 1. The change of the transmittance of this sample was then
measured under a specific condition the same as that of the example 1 before and after a
high-temperature and high-humidity test. (Comparative example 3) In place of the resin 'E', a
sample of the optical device having a flat layer having a volume ratio of 14% was produced from the
resin "A" in a manner the same as that of the example 1. The change of the transmittance of this
sample was then m%@%lrggé&,{nd@m specific condition the same. as that.of the example 1 before and
after a high-temperature and high-humidity test. In each of the practical examples 1 to 13 and the
comparative éxamples’btol3sthefratio irh voliime; transmittancesmeasureddbefdre. and aftebtest,
estimation on the basis of the change of transmittance are collectiveI% shown in table 1. Each sample

is estimated 61 tHe"64Sis of WHetéror Mot the chdnge of'trdidhhittané8 i&eqaaito or 1afger than 2%.
Here, in the @im@ti@&nmeechq@gtef E;gg_"iigdgq@t%%éh%@l%@tfi(g@pi%%estmatgg 2as a failed

example, and the character “0" indicates that the relevant example is estimate asa passed example.
Fig. 12 is a graphrshowing the relationship between theeatie in xolume of thelflat tayfer :angkthe change

of the transmittance in the resins A to C. [Table 1] _
to as “wolume ratio”) was calculated from the measured

AM R aalr s
1

thickness and the results revealed that the volume
ratic of each sample is 15%. Additiocnally, the volume
ratic 1s adjustable tc any value by the pressure for the
lamination of the above PET film.

Each sample of the optical device was then measured in

transmittance in the range of visible light (wavelength:

550 nm). In order to evaluate the change in transmittance
cf each sample, after a nilgh-temperature and high-humidity
test was carried out through 1500 hours in a constant

temperature and humildity unit {tfemperature: 60 degrees

Celsius, and relative humidity: 90%), each sample of the
Y P

E"D

optical device was measured again in transmittance in the
range of visible light (wavelength: 550 nm) by “W-71007
produced by JASCO Corporation.

(BExample 2)

E sample of the optlcal device having a flat laver
having a volume ratio of 26% was produced in a manner the
same as that ¢f the exemple 1. The change of the
transmittance of this sample was then measured under a
specific condition the same as that of the example 1 before
and after z high-temperature and high-humidity test.

(Example 3)



ttoj CO C4 LU It a)

A sample of the optical device having a flat laver
naving a volume ratio of 50% was produced in a manner the
same as that of the example 1. The change of the
transmittance of this sample was then measured under a

specific condition the same as that of the example 1 before

!

and after a high-temperature and high-humidity test.
(Example 4} |

A sample of the optical device having a flat layer
having a volume ratic of 106% was produced in a manner the
same as that of the example 1. The change of the
transmittance of this sample was then measured under a
specific condition the same as that of the example 1 before
and after a high~temperature and high-humidity test.
{Example 3)

A sample of the optical device having a flat laver

b

© 0

[

having a volume rat 205% was produced in a manner the

h

same as that of the example 1. The change of the

transmittance of this sample was then measured under a
specific condition the same as that of the example 1 before
and after a high-temperature and high-humidity test.

(Example 6)

A sample of the optical device having a flat laver
having a volume ratic of 301% was produced in a manner the
same as that of the example 1. The change of the

i

transmittance of this sample was then measured under

[&H]

specific condition the same as that of the example 1 before
and after a high-temperature and high-humidity test.

(Example 7}



CDa) LU
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A sample of the optical device having a flat layer
having a volume ratioc of 610% was produced in a manner the
same as that of the example 1. The change of the
transmittance of this sample was then measured under a
specific condition the same as that of the example 1 before
and after a high-temperature and high-humidity test.
{Examplie B8)

In place c¢f the resin “B”, a sample of the optical
device having a flat layer having a veolume ratio of 5% was
produced from the resin “A"” in a manner the same as that of
the example 1. The change of the transmittance of this
sample was then measured under a specific condition the
same as that of the example 1 before and after a high-
Temperature and high-~humidity test
{Example 9)

In place of the resin “B”, a sample of the optical

device having a flat laver having a volume ratio of 50
Y

.

o2

was
produced from the resin “C” in a manner the same as that of
the example 1. The change of the transmittance of this
sample was then measured under a specific condition the
same as that of the example 1 before and after a high-
temperature and high-humidity test.
(Example 10)

In place cof the resin “B”, a samples of the optical

device having a flat layer having a volume ratio of 100

o

was produced from the resin “C” in a manner the same as
that of the example 1. The change of the transmittance of
this sample was then measured under a specific condition
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As will be seen from the table 1, each sample subjected to the high-temperature and high-humidity
test drops to a lower value in transmittance in comparison with the relevant sample measured before
the test. The drop in transmission results from delamination between the optical function layer and the
embedding resin layer induced by residual stress of the embedding resin layer. The optical device
sample provided with the embedding resin layer made of the resin "A" can be suppressed to a value
smaller than 2% in transmittance under the condition that this sample further has a flat layer based on
the ratio of 5%;0r mare-inwlume. Op:the.otherhand, the optical device sample. provided,with the
embedding resin layer made of the resin "B" can be suppressed to a value smaller than 2% ft
transmittance-ender:the concadnon thattthisisaiple furtherchas a flat layer based on the ratio of 15% or
more in volume. Further, the optical device sample provided with the embedding resin layer made of
the resin "C" ¢af HERsUppressed to a value smaller than 2% in transmittance under the condition that
this sample further has ) flat.layerbaged on the raig),gf goc’/gaq{ﬂ%reoi@ volyme %ﬁl Wil be seen from
the above optical device samples, the optical device thus constructed can effec%i)ve y suppress
delamination detuieen therembpeddingeresirelayer and theyopticab functiondayer resultingfrom residual
stress of the ultraviolet curable resin, and is improved in durability. While the present invention has
been describ&@ With7efatior tothepréfefretiembodiment the plésértinvdrtiopene s

that of the example 1. The change of the transmittance of
this sample was then measured under a specific condition
the same as that of the example 1 before and after a high-
temperature and high-humidity test.
{Example 123

In place of the resin “B”, a sample of the optical
device having a flat layer having a volume ratic ¢of 303%

- i~ e e ] i e y b ey . P TR - ey el e o e
was procuced Irom the resin CUOAn 2 manner Lhne same 4z

[
4
)

that of the example 1. The change of the transmittance of
this sample was then measured under a specific condition
the same as that of the example 1 before and after a high-
temperature and high-humidity test.
(Example 13)

In place of the resin “B”, a sample of the optical
device having a flat layer having a volume ratio of €12%

wag produced from the resin “C” in & mannsr the same as

+

h

hat of the example 1. The change of the transmittance of
this sample was then measured under a specific condition
the same as that of the example 1 before and after a high-
temperature and high-humidity test.

{(Comparative example 1}

A sample of the optical device having a flat layer

{5
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is not limited to the foregoing embodiment. And various modifications and adaptations thereof will be
apparent to those skilled in the art as far as such modifications and adaptations fall within the scope of
the appended claims intended to be covered thereby. For example, in the foregoing embodiment,
the optical function. layer 13 is configured to reflect light in the range of infrared light, and to have
visible light passed therethrough. However, the optical function layer 13 is not limited to that of the
foregoing embodiment. For example, the wavelength band of light to be reflected by the optical device
in the range of ¥sible light andihewavelengthhand.of ght to,be passed thyough fhe.gatical device in
Lrpc,- range of visible light may be set. The optical device according to the em odifment of the present
invention canfaneticreas ascolarfiltene e:xEwepflat layer bavinghhickaessrcarresponding to the above
gap "T" may be formed through steps of mixing ultraviolet resin layer for the embedding resin layer 12
with filler (space?) With appropridté pafticle SRBPLe Mereifdttat, Rioufiedcekarmplas of the
above-mentiogg.ersbodiment wil be dascrined ~<Modfied example 1> £or example, the optica
function layer may function as a wavelength selective reflecting Tayer configured tore ectcilg%t in the
range of specificiwavelength bangh in-aspecific direction; asipart af:light incidenton the entrance
surface at an incidence angle (e, g), and to have

Comparative example 2)

A sample of the optical device having a flat layer
naving a volume ratio of 14% was produced in a manner the
same as that of the example 1. The change of the
transmittance cf this sample was then measured under a
specific cendition the same as that of the example 1 before
and after a high~temperature and high-humidity test.
{(Comparative example 3)

T e [ g . e AN - - T B e e o e -
LIl piace 0L Thge I£3in S, 2 salple oL The oplrlos

0
b

-

device having a flat layer having a volume ratio of 14

Ao

|-

Was
produced from the resin “A” in a manner the same as that of
the example 1. The change of the transmittance of this
sample was then measured under a specific condition the
same as that of the example 1 before and after a high-
temperature and high-humidity test.

in each of the practical examples 1 to 13 and the
comparative examples 1 to 3, the ratio in volume,
transmittance measured before and after test, estimation on
the basis of the change of transmittance are collectively
shown in table 1. Each sample is estimated on the basis of
whether or not the change of transmittance is equal to or
larger than 2%. Here, in the estimation, the character “x”

indicates that the relevant example is estimated as a
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passed therethrough light other than the light in the specific wavelength band. The optical function
layer may function as a reflecting layer configured to reflect light incident on the entrance surface in a
specific direction at an incidence angle (9, p) or may function as low scattering semi-transmissive layer
having transparency to ensure that the user looks out the window through this device. As a reflection
layer, the above metal layer may be used. It is preferable that the average thickness be 20 um. As
another preferable value, the average thickness may be equal to or smaller than 5 pm. As further
preferable value, {he average-thickngss may be equal.to or smaller than.lpm. When, qnthe other
hand, the average thickness is larger than 20 niaL, strained transmissive image rends to be caused by
long light pathr i whichtthestreanshaissive dight.isarefracted. Aspamethodeffopning areflection layer,
sputtering method, vapor-deposition method, dip coating method, die coating method, and the like may
be used.  Oh the BtREF hahd forexamiple’ the Semifransmizsveaayer-consicts psitigle or
multlayer o, for.examele. the.abavemenlioned metal laver, AsJpatefal githe metal layer, material
the same as that of the metal layer of the above-mentione rfammated film. Specific examples of the
semi-transmissive fayer aseas fallowsie (L)dhereflection layer of AgTi: 8.5 nm (Ag/Ti=98.5/1.5at%) is
formed on the structured layer in the optical device according to the embodiment of the present
invention. (2)-TRetéflection layer of AgTi: 3.4 nm (Ag/Ti=98.5/1.5at%) is formed on the structured
layer in the optical device according to the embodiment of the present invention.



(3) The reflection layer of AgNcICu: 14.5 nm (Ag/Nd/Cu=99.0/0.4/0.6at%) is formed on the structured
layer in the optical device according to the embodiment of the present invention. <Modified example
2> Fig. 14 is a cross-sectional view showing one example of the configuration of the optical device
according to the modified example 2. The modified example 2 has a plurality of optical functxon layers
13 inclined with respect to the entrance surface of light, and formed between the structured layer and
the embedding resin layer. The optical function layers 13 are arranged in parallel or substantially
parallel to each ather. In this example, as shown.in Fig. 14, both the shaped layer 11 and the
embedding res %@@r 12ihave light transmissive property, specific light Li passed through the shaped
layer 11 is reflec&eﬁ% the opticdl functipn I%r 13 in ja specific directioh, while Light L2 other than the
v Frn)

specific light is pesed] ot (81193 Hoh! @ex 18oHee (ébrfiidfde surface of light may be
defined on the @g(ﬁ thelempedding ressin layer 12. In th|s optical devige 1, either the shaped layer 11
or the embeddiphg#eSin.layer 12 may have light trapsnissive property. and fundtion to reflect incident
light Li in a specifi e‘graction, ithout having ingident light|L2 passed therethrough. Fig. 15is a
perspective viejgSheiviagl ene Sxampig lofthe.¢enfigyiatiansof the gptical.deyvice according to the
modified example. [Ea¢H qfThe stroTiuTesTa 18 Cohisttyuted by jaconvex s&gtignhhaving the shape of
triangular prisrr.%f ?gstrut tures lka, each of\which is altriapgular-prism-ghaped convex section
extending in onesdlirection!_are atrayed.in another directio d.collectivelyt form concave sections on
a surface of the gwtgad Igyer{11] The structure lla hag a righttangled triangllan shape in cross-section
perpendicular tp fhe@xiendingedlirection thereof.d hexoptigalfunctien layes,13.$ formed on inclined
surfaces of the s‘grLcéiJ & & ariishrvle Sdgofherstrasiurestia g He RS of a directional thin film
forming methodg -gucﬁ S Viapar-depositign method and sputtefing mathod.
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In this modified example, the optical function layers 13 are arranged in parallel relationship with each
other. The number of reflection times in the optical function layer 13 can be reduced in comparison
with the corner-ofcube-shaped or prism-shaped structures lia. Therefore, the optical device 1 can
enhance a reflection rate, and reduce the absorption of light in the optical function layer 13. <Modified
example 3> As shown in Fig. 16A, the structures lia may have a shape asymmetrical to a vertical
line Il perpendicular to the entrance surface or the output surface of the optical device I. In this case,

the principal axfs yB.of the stuctyies Ha,s ingjoed I gn agy, diection 4 gfthe.syructures Ha with the

. . LT TDUMLOT T (= . .
vertical line | as réeference. Here, the prihcipal axis 1, of the structures’lia’is intendted to indicate a line

which passescthraught-thespeak.afthe strustures fiathencenternaidhe hotterpline etthe.eress-section
of the structures lla. When the optical device 1 is attached to the window unit 30 located substantially
perpendiculartothEGrEURd, asSSHEwiT iIlERS 4B ELit e proferablethat fie prificipatiasis Iivof the

structures lla pe ined with.respect to the vertical line | toward the ground. In general, heat flows into the
room through the window, and %1e ﬁov%%of hé%?re({;%eh%%%nggaikoirﬁ thg %%?I)e/paﬂ%e?rlﬁoéﬁ A Géneral, the

neigh:: 01 tfl sumisdarger thar 45 degreesinthe«calyrafteracan, With the aheve-mentigned shape,
the optical device 1 can effectively reflect light entering at large angles to the upward direction. As
shown in Figs-a6A & d 16E thespris 'shapers? s strdctirssia issuitymmetrical to the vertical line
|, and the shape othgrbt:ban rism may be unsymmetrical to the vertical line 11. For example, the
corner-of-cube shape may %Elu%%gmér%gtﬁ%gl o the vertical fine ‘?Li{. "1 {Whéh the SridturdsHa have a

shape of cornes of cubeyand thesddge-Risdargesitis preferable that the structuees lia-be inclined in an
upward direction, and in terms of suppressing reflection from a lower direction, the structures lla be
inclined in a dowrifardidirectisn hight 2= in transmittance under the condition

that this sample further has a flat layer based on the

ratio of 5% or more in volume. On the other hand, the

optical device sample provided with the embedding resin

iayer made of the resin “B” can be suppressed to a value

oy D e e e oy e PG W e e T, e e e e AL e .. 5 .
smailer than 2% in Transmitiancs unaer tne conclition ne

TilatT
this sample further has a flat layer based on the ratioc of
15% or more in volume. Further, the optical device sample
provided with the embedding resin layer made of the resin
“C” can be suppressed to a value smaller than 2% in
transmittance under the condition that this sample further
has a flat layer based on the ratio of 50% or more in
voiume. As will be seen from the above optical device
samples, the optical device thus constructed can
effectively suppress delamination between the embedding
resin layer and the optical function layer resulting from
residual stress of the ultraviolet curable resin, and is
improved in durability.

While the present invention has been describsd with

relation te the preferred embodiment, the present invention
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coming from the sun in the oblique direction with respect to the optical device hardly reaches deep
sections of the optical device 1. The shape of the entrance side of the optical device 1 become of
particular importance. When the ridge R is large, recursive reflection light is decreased. Therefore, it is
preferable that the structures lla be inclined in an upward direction in order to suppress the
phenomenon above. In the corner of cube, recursive reflection is caused byght reflected three times
on a reflection surface. On the other hand, part of light reflected two times is reflected in a direction

other than requsiye:refiegtion, Mos! of e leaked ight,can ps sgflagted to,{hg sky dirggtion by cormer

of cube inclined in a. direction of the ground.this may be Inc In any direction on asis of the
shape and utifizaitidii. parposes <Modifiethexamplerd> t hekigo 7 isia cross-segtionahviewsshowing an
example of the configuration of the optical device according to the modified example 4 of the present
invention. In thiégampte! ticloptical devite 1 aécdriiing?td the Fhodifisd- exampleofufther Aas a

oo SERRO b e sy e HSpAEEs Eagirol e
intended to be covered thereby.

For example, in the foregeoing embodiment, the optical
function layer 13 is configured to reflect light in the
range of infrared light, and to have visible light passed
therethrough. However, the optical function layer 13 is
not limited to that of the foregoing embodiment. For
example, the wavelength band cf light to be reflected by
the optical device in the range of visible light, and the
wavelength band of light te be passed through the optical
device in the range of visible light may be set. The
optical device according to the embodiment of the present
invention can function as a color filter.

The

+h

lat layer having thickness corresponding to the
above gap “I” may be formed through steps of mixing
ultraviolet resin layer for the embedding resin layer 12
with filler (spacer) with appropriate particle size.
Hereinafter, modified examples of the above-menticned
embodiment will be described.
<Modified example 1>
For example, the optlical function layer may function
as a wavelength selective reflecting laver configured to
reflect light in the range of specific wavelength band in a
specific direction, as part of light incident on the

entrance surface at an incidence angle (8, ©), and to have

59



As described above, the optical device 1 is configured to partially reflect light in the specific
wavelength band. When the optical device 1 is used in the open air outside or in a filthy room,
scattering of light caused by dirt on the surface of the optical device 1 deteriorates the partial reflection
characteristics (for example, directional reflection characteristic). Therefore, it is preferable that the
surface of the optical device 1 be optically transmissive at all times, and the surface of the optical
device 1 be excellent in water-repellent property and hydrophilic property, and exert a self purification
effect. In this, modified example, fhe en ﬁr&c%s%réQC af.the, éiciall%%vtic% 1 is provided with a
water repelle%:tgfunction, a hydrophili%l?%uﬁﬁglii:on, and the I(ie&e,aby reason that the sengcﬁeaning function
layer 6 is formed onfhe entrante syrface of.the oplieakdevice:1, Fhereforenthe:opticakdevice 1 can
prevent contamination of the entrance surface, deterioration of partially-reflection property (for
example, directibralreHeétort propetT. <Madified xafiple 5t et hiembtlffibddxamplets different
from the above emb Iqum% tip,ferms of the fact that the optical device 1.is configured.to reflect light of
a specific Wa\%eﬁgt% “an(? ina spez}ﬁc irection, and fo scatter ﬁ&%%iﬁércthgﬁ%ﬁgeﬁéﬁp of the specific
wavelength bandiThe optical device:1 has alightseattering member-canfigured to scatter incident
light. For example, the light scattering member is provided on, at least, the surface or inside of the
shaped layer f #ié e mBet i resii Ryer ‘GebétiveehthE opiitalfinctichialyer ahd thé shaped layer
or ensure that the user locks out the window through this

device. As a reflection layer, the above metal layer may

be used. It is preferable that the average thickness be 20

um. As ancother preferable value, the average thickness may

be equal to or smaller than 5 pm. 2As further preferable

value, the average thickness may be sgqual to or smaller

+

T
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wn lum. When, on the other hand, the average thickness

4o P e e e g TV e
s larger tnan 20 um
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be caused by long light path in which the transmissive
light is refracted. As a method of forming a reflection
layer, sputtering method, vapor-deposition method, dip
coating method, die coating method, and the like may be
used.

On the other hand, for example, the sami-transmissive
layer consists of single or multilaver of, for example, the
abcve-mentioned metal layer. As material of the metal
layaer, material the same as that of the metal layer of the
above-mentioned laminated film. Specific examples of the
semi-transmissive layer are as follows:

(1) The reflection layer of AgTi: 8.3 nm
(ARg/T1=98.5/1.5at%) 1s formed on the structured layer in

the optical device according to the embodiment of the
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the embedding resin laver. When the optical device 1 is attached to the window material or the like, the
optical device 1 can be attached to the window material on the inside or outside of a building. When
the optical device 1 is attached to the window material on the outside of a building, it is preferable that
a light scattering member configured to scatter light in the range other than the specific range be
provided only between the optical function layer 13 and the window unit 30 or the like. When the
optical device 1 is attached to the window material or the like, light scattering member existing
between the optical function layer 13 and the entrance surface deteriorates the directional reflection
characteristic. When the op7_.ical device 1 is attached to of the wncow material, it is preferable that
light scatteringmembee besrovided hetweer the-eutpyt syrfacejofthe window material and the optical
function layer 13.  Fig. 18A is a cross-sectional view showing the first construction of the optical
device accordif§ fé“f-ﬁ’eggﬁm%’(fﬂe@@)?a%plé?%%%% iATFiG.IES A the shaped layeran hds resin and

fine particles : i articles. 110 are different in refraction index from resin of the primary
component ofiE Eﬁ% %%%%épvéﬁré %%Qéeaﬁﬁeoggﬁépestflg %%y Hébgégrﬁlbﬁgggd of. fgrhgxample, either or
both organic and inaiganic-patticles. Further, the fine particles 110 may be composed of nollow
particles, and composed of inorganic particles made of silica, alumina or the like, or organic particles
made of styrené) achfiig, tRéir 86p6Iyiet 2otthe dike POPtfMally Ithe finetparticles 110 are made of

acoording o e IO armole. A& ngian i Fig. 1613 T obical Gevicg ot sred o (o
layer in the optical device according to the embodiment of
the present invention.
<Modifiled example 2>
Fig., 14 is a cross-secticnal view showing one example

of the configuration of the optical device according to the

modified example 2. The modified example 2 has a plurality

cf optical function layers 15 inclined with respsct te the
entrance surface of light, and formed between the
structured layer and the embedding resin layer. The
cptical function layers 13 are arranged in parallel or
substantially parallel to each other. In this example, as
shown in Fig. 14, both the shaped laver 11 and the
empedding resin layer 12 have light transmissive property,
specific light L1 passed through the shaped laver 11 is
reflected by the optical function laver 13 in a specific
direction, while Light LZ cther than the specific light is
passed through the optical function layer 13. Here, the
entrance surface of light may be defined on the side of the
embedding resin layer 12. n this cptical device 1, either
the shaped layer 11 or the embedding resin layer 12 may

have light transmissive property, and function to refleact
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further includes a light diffusion layer 7 on the rear surface of the shaped layer 11. The light diffusion
layer 7 has, for example, resin and fine particles which may be the same as those of the first
construction. Fig. 180 is a cross-sectional view showing the third construction of the optical device
according to the modified example. As shown in Fig. 180, the optical device further includes a light
diffusion layer 7 intervening between the optical function layer 13 and the shaped. layer 11. The light
diffusion layer 7 has, for example, resin and fine particles which may be the same as those of the first
construction. ;- The modified example of the.aptical deyjoe can reflect ightn the fange of infrared
light or specific light, and scatter visible light and the Tike other than tHe specific As an industrial
design, the optical dlenicell ipreomposed-ef-smeked-eptical dgvice. <Modified example 6> In the
above embodiment, the embedding resin layer 12 of the optical device 1 has a flat layer 12 b. However,
as shown in Fig. 19,the optital devicé$ aedfding fo this modified.axarmple Ifasaareatraice surface
Si consisting pf,a congavo-convexlayer 12¢. For example, {Lis,preferable. 1ing wo tne

modified example. Each of the structures 1la is

constituted by a convex section having the shape of

triangular prism. The structures 1lla, sach of which is a

triangular-prism-shaped convex section extending in one

direction, are arraved in another directiocn, and

collectively form concave sections on a surface of the

shaped layer 11. The structure lla has a right-angled

triangular shape in cross-section perpendicular te the

extending directlion thereof. The optical function layer 13

Cosurlaces of the structures Lia on the

I

L5 rarmed On LTl

{
4o

acute angle side of the structures lla on the basis of a

directicnal thin film forming method such as vapor-

pot-

depositzon method and sputtering method.

In this modified exampie, the optical function lavers
13 are arranged in parallel relationship with each other.
The number of reflection times in the optical function
layer 13 can be reduced in comparison with the corner-of-

cube-shaped or prism-shaped structures lla. Therefore, the

optical device 1 can enhance a reflection rate, and reduce

[

the absorption of light in the optical function layer 13.
<Modified example 3>
As shown in Fig. 16A, the structures lla may have a

shape asymmetrical to a vertical line 1; perpendicular to

the entrance surface or the cutput surface of the optical
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that the concavo-convex shape of the entrance surface Si correspond to the concavo-convex shape of
the shaped layer 11, the entrance surface Si correspond to the shaped layer 11 in each of the top of
the convex section and the lowest part of the concave section, or the concavo-convex shape of the
entrance surface S1 be milder than the concavo-convex shape of the first optical layer 4. Here, the
concave-and-convex layer 12c¢ corresponds to the second layer formed on the structured layer (first
layer) 12a having the second volume, the ratio of the second volume to the first volume of the
structured laygr.12a.is equaj fo of largerthan 3% Far.example; the structures-ang the optical function
layer are embedded by the embedding resin layer 12 consisting of the structures layer 12a and the
concave-andzconvex layer 12t=made ofi thel erergyheam eurable resirectModified eXalriple 7>

Figs. 20 to 22 are cross-sectional views showing modified examples of the structure of the optical dev
according to fheréinbodftent ot tied predent intehtiona* imdife mode of ihtiiftied example, as

shown in Figs, 204 and 205, far example, arthogonally:arranged calumpar siyctues (columnar

object) ilc are formed on ofie principal surface of the shaped layer 11. More specsflcaLry, the first
structures 11carranged inthe first direetian pass:thraugh sidesstitaces of thesecandstauctures 11c
arranged in the second direction perpendicular to the u..L.rst direction, while the second
of the structures 1la, the centser of the bottom line of the
cross~section of tThe structures 1lla. When The optical
device 1 is attached to the window unit 30 located
substantially perpendicular to the ground, as shown in Fig.
16B, 1t is preferable that the principal axis 1, ¢f the
structures lla be inclined with respect to the vertical
line 1; toward the ground. In general, heat flows 1intoc tThe
room through the window, and the flow of heat reachesz a

D . T e T T N
aarly aiternocn. 1n general, Tng N&ight oI whne

(b

peal Ln th
sun is larger than 4% degrees in the early afterncon. With
the above-mentioned shaps, the optical device 1 can
effectively reflect Light entering at large angies to the
upward direction. As shown in Figs. 16A and 16B, the prism

shape of the structures lla is unsymmetrical to the

oM

vertical iine 1., and the shape other than prism may be
™ }

unsymmetrical to the vertical line 1;. For exampie, the

the vertical

1
@]
Qi
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corner-of-cube shaps may be unsymmetri
line 14.

When the structures 1la have & shape of corner of cube,
and the ridge R is large, it is preierable that the
structures lla be incliined 1n an upward direction, and in
terms of suppressing reflecticn from a lower directicn, the

structures 1la be inclined in a downward direction. Light



structures 11c arranged in the second direction pass through side surfaces of the first structures 11c
arranged in the first direction. The columnar structure 11c is a concave or convex section having for
example prism, lenticular, or columnar shape. For example, it is possible to two-dimensionally
arrange structures 11c, each of which has the shape of spherical, corner of cube or the like, on one
principal surface of the shaped layer 11 to form close-packed array such as regular close-packed
array, delta close-packed array, and hexagonal close-packed array. Regarding regular closed-packed
array, as showg,{n Flos: 224 10210 e structres ¢ gach afubich has 3 quadiangulay-shaped (for
example square-shaped) bottom surface are arranged in the form of regular closed- packed structure.
Regarding hexagohal close-packet:atray, as shiown iz EFigse 22A40226.: thei stryctures-hkc, each of
which has a hexagonal-shaped bottom surface are arranged in the form of hexagonal close-packed

structure.  ARYAE FollloWirig, the descriptio Wil Be thade 6f &pplicatioh exafifléd ofthe present
invention. It hint ove; jone diments, th e .where the optical device
according to md%e%%%g;di%e%%%tf}/e %&%&%nﬁ%&gﬁ Ts%ﬁ%%e% t%mgﬁ§ Window 'mz%gﬁ'éﬁl or the like has
been described agarrexamplerthe, optical device aceording to-thelembedimeniof the peesent
invention may be applied to an interior member, an exterior member, or the like other than the window
material. As thé &¥bover fnentionet] MERTIETS there Rt eserfiplfiet st bl a fikedember such as a
wall or a roof,.ll%%tla.l 0.8 m%mg)gr _ga%pjg oé f@gggiﬂgnarlg %pplicggjign génqsuunt of thseso%t}ilcal unit
depending on needs feor change in Season, time, orthe like. %ere‘is"exemﬁﬁi"é% a member capable of
adjusting transmittareerobingisent light to the-opticahunit,Jor examplerawindew.shade in such a
manner that the optical unit is divided into a plurality of elements, and the angle thereof is changed.
Further, there“ge@fiplified e memisercapablel 6f Being Wotmelest folir ¢ whichetheoptieal unit is
applied, for example, a.rolling curtain. In addition, there is exemplified a memhber with the optical unit
being fixed torgrﬁgem\éﬁv rfchgﬁﬁéﬁsc the r%enm er tooks%éyl ?gmg\?gbc#)é fé}raé“a“chofggtr)ll”l%%ﬂe%pending on needs,

for example, apapecdedr.«wo times is reflected in a direction other than
recursive reflection. Most of the leaked light can be
reflected to the sky direction by corner of cube inclined

1in a direccion of tThe ground. Further, this may bs

£

£

inclined in any direction on the basis of the shape and
utilization purpose.
<Modified example 4>

Rl
P
e f

Fig. ls & cress-sectlonal view showing an example
of the configuration of the optical device according to the
modified example 4 of the present invention. In this
example, the optical device I according to the modified
example further has a self-cleaning effect layer & having a
self-cleaning effect on the entrance surface. For example,
the self-cleaning effect layer 6 has photocatalyst such as
Ti0s.

As described above, the opticel device 1 is configured
to partially reflect light in the specific wavelength band.

When the optical device 1 is used in the open air outside
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As the interior member or the exterior member, to which the optical device is applied, there are
exemplified an interior member or an exterior member constituted of the optical device itself, and an
interior member or an exterior member constituted of. a transparent base material onto which the
optical device is bonded. When the interior member or the exterior member as described above is
installed in vicinity of a window in a room, it is possible to reflect only infrared light in a specific
direction out of the room and to take visible light into the room, for example. Thus, even in a case
where the intgrior, member or the exterior memberisastalled, itispossihle to reduge,a need for room
lighting. Further, there is little diffuse reflection into the room through the interior member or the
exterior member; and-hience ibis alse possibtefo sippress andrcrease ofan ambient temperature.
Further, it is also possible to_apply bonded members other than the transparent base material,

depending or"af object hete&Sary T6r CORFSHGVisbiity: enhantirgi®akstrength, or the like.
<Application gxample 12 ., Inthis. application example. the descripfign wilf e made of g sun
screening apparatus (window shade apparatus) capable of adjusting a screening amount of the
incident light by @fsurescreeningtmembes grdupeonstituted ofa-plutalityl ef-surz: screeaing members,
through changing the angle of the sun screening member group. Fig. 23 is a perspective view

showing an eXampté bf-§ cohfigiration of & Windew siiadeSappatafistatorditig 16 the dpplication
example: A shauniy Fie. 2.8 windon shade apnaras, 201 sending as e S salgening apparatus
includes a head box 203, a slat group (sun screening member group % constituted of :}plurality of
slats (blades):2@2a; afca hottam nait204r The head box203 is provitdechabovedhe stat group 202
constituted of the plurality of slats 202a. From the head box 203, a ladder code 206 and a lift cord 205
extend downwardhy: “Fhe bottom rail 204 is suspended from lower ends of those cords. The slats 202a
serving as the sun screening, bers each have an elangated rectangular shape, for example, and
are supported in predFelzterrr?'lne?g]ge ﬁervﬁ?s%h%%&ﬁj i ee’Ia%Jaégr code 306 E(’%O\?V%Wﬁé%/ extending from the
head. box 203pkurther, ther headibax:2Q3 isrevidediwith anwperationmeans (rot shown) such as a

rod for adjusting the angle of the slat group 202 constituted of the plurality of slats 202a.
function, a hydrophilic function, and the like, by reason

that the selif-cleaning function layer 6 is formed on the

[

entrance surrace oI Thg OpT
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optical device 1 can prevent contamination of the entrance
surface, deterioration of partlally-reflection property
(for example, directilional reflection property).
<Modified example 5>

This modified example is different from the above
embodliment in terms of the fact that the cptical device 1
is configured to reflect light of a specific wavelength
band in a specific direction, and to scatter light other
than the light of the specific wavelength band. The
optical device 1 has a light scattering member configured
to scatter incident light. For example, the light
scattering member is provided on, at least, the surface or
inside of the shaped layer or the embedding resin layer, or

between the optical function layer and the shaped layer or
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The head box 203 serves as a driving means for rotationally driving the slat group 202 constituted of
the plurality of slats 202a in response to operation of the operation means such as the rod, to thereby
adjust the amount of light entering a space such as a room. Further, the head box 203 also has a
function as a driving means (lifting and lowering means) for lifting and lowering the slat group 202
appropriately in response to operation of an operation means such as a lifting and lowering operation
cord 207. Fig. 24Aa cross-sectional view showing a first configuration example of one of the slats. As
shown In F19.244.dhe slpt a02a-ndliudes 2 ase material 21 apd an optigal fim L. Preferadly, the
optical film 1 is provided on an incident surface side (for examplé, surface side opposed to winnow
material) of batitprineipaltsurfaceswof thie base materal 2314, which externaldightistallowed to enter in
a state in which the slat group 202 is closed. The optical film 1 and the base material 211 are bonded
to each otherthfogh an adhesife fayet “fotexampléie v Theshapetsiité basé ndtérial 211 may

include, for example, ashestbape. a finy shape.and.a Pigteshane, Agthe ategaliof Ihe base
material 211, glass, a resin material, paper material, and cloth material canbe Used. In View of the fact
that visible light is:alewed to entet & predeiermined spase sueh asa wWom;itis prefesred to use a
resin material having a transparency as the material for the base material 211. As the glass, the resin
material, the paper‘material, "anidstherdbthmaterial publiely krdWh rraterists a8 hafratenals for the
roll screen in related art can.be used. As the.optical film 1, one type of the optical films 1 according to
the first embodiment floLt%% sixth emBodiment Can blénuns]ae%je. Oﬁﬁéyn&/)ﬁsgﬁ iesralécﬁ)21 possible to use
combination afitwe:arimore: typesiof the optierl films 1,according o the first embodiment to the sixth
embodiment can be used.

function layer 13 and the window unit 30 or the like. When

the optical device 1 is attached to the window material or
the like, light scattering member existing between the
optical function layer 13 and the entrance surface
deteriorates the directional reflection characteristic.
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of the window material, it 1s preferable that light

0]

scattering member be provided between the output surface of
the window material and the optical function lavyer 13.

Fig. 18A 1is a cross-sectional view showing the first
construction of the optical device accerding to the
modified example. As shown in Flg. 184, the shaped laver
11 has resin and fine particles 1106. The fine particles

110 are different in refracticn index from resin of the

od

ayer 11. The fine

i.....}

primary compenent of the shaped
particles 110 may be composed of, for example, either or
both organic and incrganic particles. Further, the fine
particles 110 may be composed cof hollow particles, and
composed of inorganic particles made of silica, alumina or

the like, or organic particles made of styrene, acrylic,
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Fig. 24A is a cross-sectional view showing a second configuration example of one of the slats. As
shown in Fig. 242, in the second configuration example, the optical film 1 is used as the slat 202a.
Preferably, the optical film 1 can be supported through the ladder cord 206, and has such rigidity that
the optical film 1 is capable of keeping the shape thereof when supported. It should be noted that,
although in the application example, the example in which the present invention is applied to the
horizontal type window shade apparatus (Persian window shade apparatus) has been described, the

present inventiop.is alsq.applicable {9.a veriical type window shade apparals, (vertical window shade

apparatus). <Application example 2> In this application examplé, the description will be made of a
roll screen apparatuslassari éxamptle of:the suf scréening apparatus capable of adjusting the
screening amount of the incident light by the sun screening members, through winding up or winding
off the sun screeningtAembefs. 25 Eig: DBASE I FérspBEtveVisl showiid anexanisie ord

configuration of the foll.screen apparatus, according fo the application, example. s shown in Fig. 254,

the roll screen apparatus 301 serving as the sun screening apparatus
modified example. As shown in Fig. 18B, the optical device

1 further includes a light diffusion layer 7 on the rear
surface of the shaped layer 11. The light diffusion layer
7 has, for example, resin and fine particles which may be
the same as those of the first construction.

Fig. 18C is a cross-sectional view showing the third
construction of the optical device according to the
modified example. As shown in Fig. 18C, the optical device
1 further includes a light diffusion laver 7 intervening
between the optical function layer 13 and the shaped layer
11. The light diffusion layer 7 has, for example, resin
and fine particles which may be the same as those of the
first construction.

The modified example of the optical device can reflect
light in the range of infrared light or specific light, and
scatter visible light and the like other than the specific
light. As an industrial design, the optical device 1 is
compesed of smoked optical device.
<Modifled exampls 6>

In the above embodiment, the embedding resin laver 172
of the optical device 1 has a flat layer 12b. However, as
shown in Fig. 19, the optical device 1 according to this
modified example has an entrance surface 31 consisting of a

concavo-convex layer 1Zc. For example, 1t 1s preferable
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includes a screen 302, a head box 303, and a core 304. The head box 303 is configured to lie': and
lower the screen 302 when operated through an operation portion such as a chain 305. The head box
303 includes a winding axis for winding the screen into head box 303 and winding off. To the winding
axis, one end of the screen 302 is connected. Further, to the other end of the screen 302, the core 304
is connected.screen 302 has f g,xYcHLitv. Thc' shan of the screen 302 is not particularly limited. It is
preferred to select the shape of the screen 302 depending on the shape of the window material or the
like, to which the oil screeg,apparatus 301Js applied. for.gxample. a rectangular, shape, may be
selected. Fig. 25A is a cross-sectional view showing an example of a configuration of the screen
302. As showrrin:igr253), the screenc302: inctudesrar base material 3 1drandsthe-epticat device 1, and
preferably the screen 302 has flexibility. Preferably, the optical device 1 is provided on an incident
surface side (for exatipR? SHARCE site Oppoted to Wind6\Ww Rrateri&ly, whieh Sxtérpal Hghtss allowed to
enter, of both-pringci faces se rial 311, The optical device 1 and the base material
311 are bondé%l %C}]Zzéc%}éthge?, fgégfat%%le??h%%%h“agﬁ%gégesﬁl%lé%g%oﬁ the Ifakktlacf3 It shou dg be noted
that the configuration of the: screens302 isaot limitedde the abeve-mentiones-exampleand the optical
device 1 may be used as the screen 302. The shape of the base material 311 may include, for
example, a shéét-sHape? aFftm=ShapaCand a plateishalse. Adthe matrialforie basa raterial 311,
glasg, a resinsmggéia&ipaﬂ% n}q_tgg%l, ggg_ fé:oaﬂﬂ rriat%igl Gan be. u.sed. In view of the fact t.hat visib_le
light is allowed to enter a predetermined space suchasa room, it is preferred to use a resin material
having a transparengy as the meatetialder thesbase-material Bdle As the glassy the-kesinsmaterial, the
paper material, and the cloth material, publicly known materials as the materfor the roll

the second layer formed on the structured laver (first
layer) 1lZa having the second volume, the ratio of the
second volume to the first volume of the structured layer

lZ2z is equal to or larger than 5%. For example, the

structures and the optical function layer are embedded by

T

ne smpedding resin layver 12 consisting of the structurad
layer 12a and the concave-and-convex layer 12c¢ made of the
energy beam curable resin.
<Modified example 7>
Figs. 20 to 22 are cross-sectional views showing

modified examples of the structure of the coptical device
accerding to the embodiment of the present Invention.

In one mode of this modified example, as shown in Figs.
20h and 20B, for example, orthogonally-arranged columnar

structures (columnar object) 1lc are formed on one
principal surface of the shaped laver 11. More
specifically, the first structures 1llc arranged in the

irst direction pass through side surfaces of the second

P

structures iic arranged in the second direction

perpendicular to the first direction, while the second
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screen in related art can be used. As the optical device 1, one type of the optical devices 1 according
to the above-mentioned embodiments or the modified examples can be used. Otherwise, it is also
possible to use combination of two or more types of the optical devices 1 according to the
above-mentioned embodiments or the modiiied examples can be used. It should be noted that
although in the application example, the roll screen apparatus has been described, the present
invention is not limited to that example. For example, the present invention is also applicable to the
sun screening apparals. capable pf adiusting fhe sgreen.amount ofthe Incidentlight by the sun
screening members, through folding up the sun screening members. As the above-mentioned sun
screening apparatus; thereseanshe exemplifigd arpleated sereen-apparatus adjusting thesscreening
amount of the incident light through folding up the screen serving as the sun screening member in a
bellows form,or ex&mplet LApp} E&6GH ekamplé 3>C0 LyfHis applicationiexandsle Ltheadescription will
be made of an ﬁ)\@\g)\pée J)r}pr'%tgg psrg%%qtoigv%rgivgpnis gged 3}{% a ﬂﬂi{‘_ ggtgrgor member or exterior
member), which includes a light entrance portion in tﬁe%p ical device havi g aperformance of
reflecting light éra specifie dirgetiobl umnar shape.

For exampie, it 1s possible to two-dimensionally

arrange structures 1llc,

W

ach of which has the shape of
spherical, corner of cube or the l1ike, on one principal
surface of the shaped layer 11 to form clcse-packed array
such as regular close-packed array, delta close-packed
array, and hexzagonal close-packed array. Regarding regular
closed-packed array, as shown in Figs. 21A to 21C, the

structures llc, each of which has a quadrangular-shapsd

: 4 am
= RIS

(for example sguare-shaped) bottom suriace are arranged
the form of regular closed- packed structure. Regarding
hexagecnal close-packed array, as shown in Figs. 22A to 22C,
the structures 1lc, each cof which has a hexagonal~gshaped
bottom surface are arranged in the form of hexagonal close-
packed structure.

In the following, the description will be made of
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ion examples of the present invention.
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though in the above-mentioned embodiments, the case

{

where the optical device according to the embodiment of the
present invention is applied to the window material or the
iike has been described as an example, the optical device
according to the embodiment of the present invention may be
applied to an interior member, an exterior member, or the

like other than the window material. 2As Tthe above-
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Fig. 26A is a perspective view showing an example of a configuration of a fitting according to an app
cation example. As shown in Fig. 26A, the fitting 401 has such a configuration that an optical unit 402
is provided in the light entrance portion 404. Specifically, the fitting 401 includes an optical unit 402
and a. frame material 403 provided in a peripheral portion of the optical unit. The optical unit 402 is
fixed through the frame material 403. Further, the optical unit 402 is removable through disassembling
the frame material 403 depending on needs. Although the fitting 401 may include, for example, a
paper door, the.present invegtion is notimited ta that expmple-and is,aso applicable fo yarious fittings
including the light entrance portion. Fig. 265 Is a cross-sectional view showing an example of a
configurationoftheopticat units As shewh infFig. 26B;the-aptical uoit 4024neludes ahaseanaterial
411 and an optical device 1. The optical device 1 is provided on an incident surface side (for example,
surface side GPpoSed e WitldeWw makermfivhich éxtardl light isfofed 16 &htel 6k both principal

surfaces of thgetg?esfgd@%er@{ 411, . . efglgtic@] g%ige éha%degg lgaseﬁ%ée’riaé _éfl_lhare bo}gded to each

other, for example, through an adhesive layer or the like. It should be Toted that tﬁe%oﬁﬁg&ration of
the paper doorr4@dris nat limitegbto: theaboyermentionethexample; and dhe optieal device 1 may be
used as the optical unit 402. The base material 411 is a sheet, a film, or a substrate, for example,
which has fleXibitiz /A tHe fhatetial fore bake matefial 41T, glas resif sateridilpaper meaterial, and

cloth material can g used. Ip,view,of e fact that visiple iaht s, allowsdl fo eqter 3 predgtermined
space such as aroom, it is pre erred to use
unit is divided into a plurality of elements, and the angle
thereof is changed. Further, there iz exemplified a member
capable of beling wound or fold, tc which the optical unit
is applied, for example, a rolling curtain. In addition,

there is exemplified a member with the optical unit being

fixed te a frame, which allows the member to be removabls
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As the interior member or the exterior member, o
which the optical device is applied, there are exemplified
an intericr member or an exterior member constituted of the
optical device itself, and an interior member or an
exterior member constituted of 2 transparent base material
onto which the cptical device 1s bonded. When the interior
member or the extericr membsr as described above 1is
installed in vicinity of a window in a room, it is possible
to reflect only infrared light in a specific direction out
of the room and to take visible light into the room, for
example. Thus, even in a case where the interlior member or
the exterior member i1s installed, it is possible to reduce

& need for room lighting. Further, there is little diffuse
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a resin material having a. transparency as the material for the base material 411. As the glass, the
resin material, the paper material, and the cloth material, publicly known materials as the material for
the optical device of the fitting in related art can be used. As the optical device 1, one type of the
optical devices 1 according to the above-mentioned embodiments or the modified examples can be
used. Otherwise, it is also possible to use combination of two or more types of the optical devices 1
according to the above-mentioned embodiments or the modified examples can be used. It should
be noted that, ihaualinhe ahove-pentioned gpplication example. Mhs expmiples inhich the
present invention is applied to the interior member or the exterior member such as the window
material, the fttingrtherslatsrafdhe windowshade apparatus,sor the seteeneofithe solbsereen apparatus
has been described, the present invention is not limited to the above-mentioned examples, and is also
applicable to &R intBHoF AnbersEhd arm exierior RTBIRBErS bifer thah theabovetméatisnedinterior

exterior members, he pr t Icati ' ubject matter related L di din
Japanese Pri%ﬁtist?té%t Eg)p%?gu%ﬁ%%%%%%po%%@ﬁﬁidgﬁ}%é Ja}p%ﬁ P%%ntg%%gégo%%ﬁiruary 12,

2010 and , Danese RrarApplicatioari?:2010-056938 fiteshindhe Japar Patent:Qffice on March 15,
2010, the entire contents of which are hereby incorporated by reference. It should be understood
by those skilléTh-theldrt tat Vhfiots tiddificationar comBinafibns SiBrebribingtiois &nd hltérations
may occur degggﬁiﬂg coangggggjggﬁ%i_{%m@ts and other factors insofar as they are within the scope of
the appended claims or the equivalents thereof.

In this application example, the description will be
made of a sun screening apparatus (window shade apparatus)
capable of adjusting a screening amount of the incident
light by a sun screening member group constituted of a
plurality of sun screening members, through changing the

angle of the sun screening member group.

Ty

Fig. 23 1s & perspective view =showing an sexampis o a

.
I

I's

configuration of a window shade apparatus according to the
application example. As shown in Fig. 23, a window shade
apparatus 201 serving as the sun screening apparatus
includes a head box 203, z slat group (sun screening member
group) 202 constituted of a plurality of slats (blades)
2022, and a bottom raxl 2Z04. The head box 203 is provided
above the slat group 202 constituted of the plurality of
slats Z0Za. From the head box Z03, a ladder code 206 and a
iift cord 205 extend downwardly. The bottom rail 204 is
suspended from lower ends of these cords. The slats 202a
serving as the sun screening members each have an elongated
rectangular shape, for example, and are supportsed in
predetermined intervals through the ladder code 206

downwardly extending from the head box 203. Further, the
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What is claimed is: An optical device, comprising: a shaped layer having a structure forming a
concave section; an optical function layer formed on the structure, and configured to partially
reflect incident light; and an embedding resin layer made of energy beam curable resin, the
embedding resin layer being configured to have a first layer having a first volume and a second layer
having a second volume and being formed on the first layer, a ratio of the second volume to the first
volume being equal to or larger than 5%, the concave section being filled with the first layer, the

structure and{he gpfical fupetion:layer, being.embedded.in the embedding Lesin lgyer, at least one of

the shaped layer and the embedding resin layer having light transmissive property and an entrance
surface for thelinsidentdighit. 2.sThe apticat device-aceotding toelaim 4, whereinthe energy beam
curable resin has a cure shrinka%(;;'I ratio equal to or larger than 8% in volume, and the ratio of the

second volunf® {8 heditet vollime's Eetal foforbifge? tham 150 indolGhats 202a.

The head box 203 serves as a driving means for
rotationally driving the slat group 202 constituted of the
plurality of slats 202a in response to operation of the
operation means such as the rod, tc thereby adjust the
amount of light entering a space such as a room. Further,
the head box 203 alsc has a function as a driving means
{lifting and lowering means) for lifting and lowering the
slat group 202 appropriately in response to operation of an
operation means such as a lifting and lowering operation

cord 207.

— e .
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cenfiguration example of one of the slats. As shown in Fig.
Z24A, the slat 20Z2a includes a base material 211 and an
optical film 1. Preferably, the optical film 1 is provided
on an incident surface side (for example, surface side
opposed to window material) of both principal surfaces of
the base material 211, which external light is allowed to
enter in a state in which the slat group 202 is closed.

The optical £ilm 1 and the base material 211 are bonded to
each other through an adhesive layer, for example.

The shape of the base material 211 may include, for

[

example, a sheet-shape, a film shape, and a plate-shape.
As the material for the base material 211, glass, a resin
material, paper material, and cloth material can be used.

In view of the fact that visible light is allowed to enter
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3. The optical device according to claims 1 or 2, wherein the energy beam curable resin has a cure
shrinkage ratio equal to or larger than 13% in volume, and the ratio of the second volume to the
first volume is equal to or larger than 50%. 4. The optical device according to any one of claims 1 to 3,
further comprising a base member formed on at least one of the shaped layer and the embedding
resin layer, the base member hay light -transmissive property. 5.The optical device according to any
one of claims 1 to

a predetermined space such as a room, 1t is preferred to
use a resin material having a transparency as the material
for the base material 211. As the glass, the resin
material, the paper material, and the cloth material,
publicly known materials as the materials for the roll
screen in related art can be used. As the optical film 1,
one type of the optical films 1 according to the first
embodiment to the sixth embodiment can be used. COtherwise,
it is also possible to use combination of two or more types
of the optical films 1 according to the first embodiment to
the sixth embodiment can be used.

Flg. 24A 1s a cross=-sectional view showing a second

configuration example of one of the slats. As shown in Fig,

™0

4B, in the second configuration example, the optical film
1 1s used as the slat 20Za. Preferably, the cptical film 1
can be supported through the ladder cord 206, and has such
rigidity that the optical film I is capable of keeping the
shape thereof when supported.

It should be noted that, althcugh in the application
example, the example in which the present invention is
applied te the horizontal type window shade apparatus
{Persian window shade apparatus) has been described, the
pregsent invention is also applicable to a vertical type
window shade apparatus (vertical window shade apparatus).
<Application example 2>

In this application example, the description will be
made of a roll screen apparatus as an example of the sun

screening apparatus capable of adijusting the screening
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4, wherein the optical function layer is a wavelength-selective reflection layer. 6. The optical device
according to claim 5, wherein the wavelength-selective reflection layer is configured to reflect infrared
light in a desired direction and to have visible light passed therethrough. 7. The optical device
according to claim 5, which is configured to reflect licho of a first wavelength band, in a direction other
than a regular reflection direction (-e, g+180 degrees), and configured to have passed therethrough
light of a second wavelength band different from the first wavelength band, as part of light incident on

the entrance gyface aban angle:(@. whetein,, . {5 isincicative of.an.angle hetween g line vertica
to the entrance surface and the light incident on the entrance surface or light reflecte from the

entrance surfacecamroh wirlds mgicative:ofairarigle betWeema speeifie dineanithe entranee surface
and a projected comEppnent of the incident light or the reflected light to the entrance surface.

ig. 25A 1s a perspective view showing an example of a
configuration of the roll screen apparatus according to the
application example. As shown in Fig. 235A, the roll screen
apparatus 301 serving as the sun screening apparatus
includes a screen 302, a head box 303, and a core 304. The
head box 303 is configured to 1ift and lower the screen 302
when operated through an operation portion such as a chain
305. The head box 303 includes a winding axis for winding
the screen into head box 303 and winding off. To the
winding axis, one end of the screen 302 is connected.
Further, to the other and of the screen 302, the core 304
is connected. The screen 302 has flexibility. The shape
of the screen 302 is not particularly limited. It is
preferred to select the shape of the screen 302 depending
on the shape of the window material or the like, to which
the roll screen apparatus 301 is applied. For example, a
rectangular shape may be selected.

Fig. 25A is a cross-sectional view showing an example
of a configuration of the screen 302. As shown in Fig. 258,
the screen 302 includes a base material 311 and the optical
device 1, and preferably the screen 302 has flexibility.
Preferably, the optical device 1 1s provided on an incident
surface side (for example, surface side opposed to window
material), which externazl light is allowed to enter, of
both principal surfaces of the base material 311. The

optical device 1 and the base material 311 are bonded to
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8. The optical device according to claim, 5, wherein the entrance surface is a flat surface. 9. The
optical device according to claim 5, wherein a sharpness of a light-transmissive image of an optical
comb of 0.5 mm, measured from light passed through the optical device on the basis of the Japanese
Industrial Standards K-7105, is equal to or larger than 50. 10. The optical device according to claim 5,
wherein a sum of sharpness of light-transmissive images of optical combs of 0.125 mm, 0.5 mm,
1.0 mm, and 2.0 mm, measured from light passed through the optical device on the basis of the

Japanese Industrial Standards &-7105,15 equal to.or jargerthang30s e 1aver or the
like. It should be noted that the configuration of the
screen 302 1s not limited to the above-mentioned example,
and the optical device 1 may be used as the screen 302.

The shape of the base material 311 may include, for
example, & sheet-shape, a film shape, and a plate-~shape.

As the material for the base material 311, g¢glass, a resin
material, paper material, and cloth material can be used.
In view of the fact that visible light is allowed to enter
a predetermined space such as a room, it is preferred to
use a resin material having a transparency as the material
for the base material 311. As the glass, the resin
material, the paper material, and the cloth material,
publicily known materials as thnes material for the roll
screen 1n related art can be used. As the optical device 1,
one type of the optical devices 1 according to the above-
mentioned embodiments or the modified examples can be used.
Otherwise, 1t 1s also possible to use combination of two
or more types of the optical devices 1 according to the
above-mentioned embodiments or the modified examples can be
used.

It should be noted that although in the application
example, the roll screen apparatus has been described, the
present invention is not limited to that example. For
example, the present invention is also applicable to the
sun screening apparatus capable of adiusting the scresen
amount of the incident light by the sun screening members,

through folding up the sun screening members. As the
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11. The optical device according to any one of claims 1 to 10, wherein the optical function layer is
a semi-transmissive layer. 12. The optical device according to any one of claims 1 to wherein the
optical function layer includes a plurality of optical function layers inclined with respect to the entrance
surface, the plurality of optical function layers being arranged parallel to each other. 13. The optical
device according to any one of claims 1 to 12, wherein a difference in refraction index between the
shaped layer and the embedding resin layer is equal to or larger than 0.010. 14. The optical device

according to apy,0Re QL EIAIMSdd0s uy screening apparatus, there can be

exemplified a pleated screen apparatus adjusting the
screening amount of the incident light through folding up
the screen serving as the sun screening member in a bellows
form, for example.
<Application example 3>

In this application example, the descfiption will he
made of an example in which the present invention is

applied te a fitting {interior member or exterior member),

l....,{

which includes a light entrance porticn in the optical
device having a performance of reflecting light in a
specific direction.

Fig. 26RA is a perspective view showing an example of a

T
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example. As shown in Fig. 26A, the fitting 401 has such a
configuration that an optical unit 402 is provided in the
light entrance portion 404. Specifically, the fitting 401
includes an optical unit 402 and a frame material 403
provided in a peripheral portion of the optical unit. The
optical unit 402 is fixed through the frame material 403.
Further, the coptical unit 402 is removable through
disassembling the frame material 403 depending on needs.
Although the fitting 401 may include, for example, a paper
door, the present invention is not limited to that example
and i1s also applicable to varicus fittings including the
light entrance portion.

Fig. 26B is a cross-sectional view showing an example

of a configuration of the optical unit. As shown in Fig.
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13, wherein the structure has a shape of prism, cylinder, hemisphere, or corner of a cube. 15. The
optical device according to any one of claims 1 to 14, wherein the structure is arranged as one or
two-dimensional structure and has a main axis inclined in an array direction of the structure with
respect to a perpendicular line of the entrance surface. 16. The optical device according to any one of
claims 1 to

268, the optical unit 402 includes a base material 411 and

an coptical device 1. The optical device 1 is provided on

an incident surface side (for example, surface side opposed

to window material), which external light is allowed to

enter, of both principal surfaces of the base material 411.

The optical device 1 and the base materizal 411 are bonded

to each other, for example, through an adhesive layer or

the like. It should be noted that the configuration of the

paper door 401 is not limited to the above-mentiocned

example, and the coptical device 1 may be used as the

cptical unit 402Z2.

The base material 411 is a sheet, a £1iim, or a
substrate, for example, which has flexibility. As the
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T

material for the o
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paper material, and cloth material can be used. In view of
the fact that visible light i1s allowed toc enter a
predetermined space such as a room, it is preferred to use
a resin material having a transparency as the material for
the base material 411. As the ¢glass, the resin material,
the paper material, and the cloth material, publicly known
materials as the material for the optical device of the
fitting in related art can be used. As the optical device
1, one type of the optical devices 1 according to the
above-menticoned embodiments or the modified examples can be
used. Otherwise, it is alsc possible to use combination of
two or more types of the optical devices 1 according to the
apove-mentioned embodiments or the modified examples can be

used.
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15, wherein an absolute value of a difference of chromatic coordinate x" and an absolute value of a
difference of chromatic coordinateligh7 entered through one of surfaces of the optical device at an
incident angle which is equal to or larger than 5 degrees, and equal to or smaller than 60 degrees, and
regularly reflected by the optical device, are equal to or larger than 0.05 in each of the surfaces of the
optical device. 17. The optical device according to any one of claims 1 to 16, further comprising

one of a water-shedding layer or a hydrophilic layer on the entrance surface of the optical device. 18.

A sun-screening apparafys, €OMRNISING ted that, although in the above-

menticned application example, the examples in which the
present inventicn is applied to the interior member or the
exterior member such as the window material, the fitting,
the slats of the window shade apparatus, or the screen of
the roll screen apparatus has been described, the present
invention is not limited to the above-mentioned examples,
and is also applicable to an interior members and an
exterior members other than the above-mentioned interiocr or
exterior members.

The present applicaticn contains subject matter
related to that disclosed in Japanese Priority Patant
Application JpP 2010-028411 filed in the Japan Patent Office
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Application JP 2010-056838 filed in the Japan Patent Office
on March 15, Z010, the entire contents of which are hereby
incorporated by reference.

It should be understocd by those skilled in the art
that various modifications, combilinations, sub-combilnations
and alteratlons may occur depending on design reguirements
and other factors inscfar as they are within the scope of

the appended claims or The equivalents thereof,



one or more sun-screening members configured to screen sunlight, the sun-screening members
having the optical device according to any one of claims 1 to 17. 19. A fitting, comprising a
lighting section provided with the optical device according to any one of claims 1 to 18. 20. A window
material, comprising: a first retainer configured to have a structure forming a concave section;

an optical function layer formed on the structure, and configured to partially reflect incident light;

What is claimed is:
1. An optical device, comprising:

a shaped laver having a structure forming a concave
section;

an optical function layver formed on the structure, and
configured to partially reflect incident light; and

an empbedding resin layer made of energy beam curable
resin, the embedding resin laver being configured to have a

first layer having a first velume and a second layer having

1§

a second volume and being formed on the first layer, a

irst volume being egual

Hh

ratic of the second volume tTo the
to or larger than 5%, the concave section being filled with
the first layer, the structure and the optical function

Laver being empeddsd In the
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one of the shaped layer and the embedding resin laver
having light transmissive property and an entrance surface
for the ilncident light.
2. The optical device according to claim 1, wherein

the energy beam curable resin has & cure shrinkage
ratic egual to cor larger than 8% in volume, and

the ratio of the second volume to the first volume is
egqual to cr larger than 15% Iin volume.
3. The optical device according to claims 1 or 2, wherein

the energy beam curable resin has a cure shrinkage
ratio egual to or larger than 13% in veolume, and

the ratic of the second volume to the first volume is
equal to or larger than 50%.

4. The optical device according to any one of claims 1 to
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a second retainer made of energy beam curable resin, the second retainer being configured to have a
first layer having a first volume, and a second layer formed on the first layer, the second layer being
configured to have a second volume, the concave section being filled with the first layer, a ratio of the
second volume to the first volume being equal to or larger than 5%." the structure and the optical
function layer being embedded in the second retainer; and a window unit connected to the second
retainer. 21. A manufacturing method for an optical device, comprising: forming a first retainer
configured to-have,a-structure.forming a concave section;  forming an optical function layer formed
on the structure, and configured to partially reflect incident light; and forming a second retainer
configured to have afitst layendaivmy o firstedlume, andla second:layer formedsors thefirst layer, the

second layer being configured to have a second volume, the concave section being filled with the
Layer an r

the embedding resin layer, the base membe¥ having
light-transmissive propsrty.
5. The optical device according to any one of claims 1 to
4, wherein

the optical function laver is a wavelength-selective
reflection layer.
6. The optical device according to claim 5, wherein

the wavelength-selective reflection layer is
configured to reflect infrared light in a degsired direction

a

and to have visible light passed therethrough.

[ The optical device according to cilaim 5, which is

e lenotn Dand., in

ngtn band, in

w

41}

configured fo reilect light of a Zirst w
a direction other than a regular reflection direction (-8,
p+180 degrees), and configured to have passed therethrough
light of a second wavelength band different from the first

wavelength band, as part o

Fh

light incident on the entrance

ot

surface at an angie (€, ©), wherein

o

"8” 1is Indicative of an angle between a line vertical
to the entrance surfzce and the light incident on ths
entrance surface or light reflected from the entrance
surface, and
is indicative of an angle between a specific line
on the entrance surface and a projected component of the
incident light or the reflected light to the entrance
surface.

8. The optical device according to claim 5, wherein
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first layer, a ratio of the second volume to the first volume being equal to or larger than 5%, by
embedding the structure and the optical function layer in energy beam curable resin.

the entrance surface is a flat surface.
9, The optical device according to claim 5, wherein

a sharpness of a light-transmissive image of an
optical comb of 0.5 mm, measured from light passed through
the optical device on the basis of the Japanese Industrial
Standards K-7105, 1is egual toc or larger than 50.
10. The optical device according to claim %, wherein

a sum of sharpness of light-transmissive images of
optical combs of 0.125 mm, 0.5 mm, 1.0 mm, and 2.0 mm,
measured from light passed through the optical device on
the basis of the Japanese Industirial Standards K-7105, is
egual to or larger than 230,
11. The optical device according to any one of claims 1 to
10, whersin

The optical function laver is a semi-transmiszsive
layer.
lz. The optical device according to any ons of claims 1 to
11, wherein

the optical function laver incliudes a plurality of
optical functien layers inclined with respect to the
entrance surface, the plurality of optical function layers
being arranged parallel to =ach other.
13. The optical device according to any one of claims 1 to
12, wherein

a difference in refraction index between the shaped
layer and the embedding resin layer is egual to or larger
than 0.010.

14, The optical device accerding to any one of claims 1 to
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13, wherein

the structure has a shape of prism, cylinder,
hemlsphere, or corner of a cube.
15. The optical device according tec any one of claims 1 to
14, wherein

the structure is arranged as one or two-dimensional
structure and has a maln axis inclined in an array
direction of the structure with respect to a perpendicular
line of the entrance surface.
1. The optical device according to any one of claims 1 to
15, wherein

an absolute value of a difference of chromatic
cecordinate “x” and an absclute values of a difference of

P ; o~

chromatic cocrdinate “y” of light entered through one of

D

surfaces of the optical device at an incident angle which
is equal to or larger than 5 degrees, and equal to or
smaller than 60 degrees, and regularly reflected by the
optical device, are egual to or larger than 0.05 in each of
the surfaces of the cptical device.
17. The optical device according to any one of claims 1 to
16, further comprising

one of a water-shedding layer or & hydrophilic laver
on the entrance surface of the optical device.
8. A sun-screening apparatus, comprising

one or more sun-screening members configured to screen
suniight, the sun-screening members having the optical
device according to any one of claims 1 o 17.

19. A fitting, comprising



a lighting section provided with the optical device
according to any one of claims 1 to 18.

20. A window material, comprising:

a first retainer configured to have a structure
forming a concave section;

an optical function laver formed on the structure, and
conflgured to partially reflect incident light;

a second retaliner made of energy beam curable resin,
the second retainer being configured to have a first laver
having a first volume, and a second layer formed on the
first layer, the second layer being configured to have a
second volume, the concave section being filled with the
first layer, a ratioc of the second volume to the first

volume being egual to or larger than 5%, The structure and

4}

the coptical function layer being embedded in the second
retainer; and

a window unit connected to the second retainer.
21l. A manufacturing method for an optical device,
comprising:

forming a first retainer configured to have a
structure ferming & concave sectlion:

forming an optical function laver formed on the

structure, and configured to partially reflect incident

forming a second retainer configured to have a first

layer having a first volume, and & second laver formed on
the first layer, the second layer being configured to have
a second voiume, the concave section being filled with the
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first layer, a ratio of the second volume to the first
volume being equal to or larger than 5%, by embedding the
structure and the cptical functilon layer in energy beam

curable resin.
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