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 fittgmt? rovided with the optical device, a window material provided with the optical

device, and a meftit #ﬁh&ﬁﬁmuriﬁﬂ% Opticat e Vice A5 ESeripicT SR the RefREEH Art In
recent years, there haygheen increasing:hepuBeekrrsas: nHwhich architegtural 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 global waggmgggggh@déggetp@dlg@%m§g&gitioner by suppressing the rise of
room temperature resulting from light energy passing through the window from the sun. As one

example of the structdireséonfiguited tG 8ereriaRar -infrared light while maintaining a light transmissive
pronerty in the fange gf,yigiple. Lot HeigRipknouria avechayinga high reflggtion factor in the range
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-
scresning apparatus provided with the optical device, a
ficting provided with the optical device, a window material
provided with the optical device, and & 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

n

buitdings, residential house and the like, and vehicular
glass are provided with a layer configured to partially
absorb or reflect suniight. This structure, provided as
one of energy efficlency neasures for preventing global
warming, can reduce load of alr conditioner by suppressing
the rise of room temperature resulting from light energy
rassing through the window from the sun.

Az one example of the structure configured to screen
near-infrared iight while maintaining a2 light transmissive
property in the range of visible light, thers are known &
layer having a high reflection factor in the rance cf 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-selective recursive reflector is used for a traffic sign or the like, not for a window glass.
This recursive reflector is configured to have an optical structure layer to recursively reflect light in a
specific wavelengtif faige Wwisile habirty visthredight gasteirieréffdtighs@ee Japanese Patent
Application-Open, Publication-Nos 2007 10693). This reeussiveeflectgpis canfigureg to have an
optical structure layer having a recursive reflection structure, a wavelength selective reflection laver
formed along tHEFECUTSRE Feffectich Striick s Anticar optieally-Trarsmirsive rasifdayerin which the
recursive reflection:stuictire is embedded , Ehe optically-transmissive xesin layer is formed of, for
example, an energy oaam curable resin. Summary of the Invention However, the structure
disclosed in Japarigse Prent ApplicatioRdtaid-Open Ryblication-Nol-2087+-10893 cannot reduce
residual stress after the enargy bearp curable e | is gured, Therefore, the strcture fends to cause
deterioration in transmittance of the optical dévice from” delamination %etwéenmfhg*wé’\?élength
selective reflectién |ayertformed along the recarsive. seflectior: strileturenane theoptieally-transmissive
resin layer in which the.recursive reflection structure is embedded. . In view of the circumstances as
described above. it 15 Spb‘gesikliﬁlé%':"éeﬁ%o?ﬁdé Sanuggt%tcaﬁode\ﬁgé‘{ Tﬁ%(tj%ﬁ pﬁf‘eqsllse%Ltﬁ\!%hﬁsg of SUrrounding
temperature byrpartiatly refledtingincident lighthand has:high-qualityliadurabilify without delamination,

a sun-screeningap]paratus a,_fittmg{ a windowmagerial, and a method of manufacturing the optical
device conligured to have an optical striooture itaver to

o !
recursively reflect light in a specific wavelength range
while having visible light passed therethrough (see
Japanese Patent Application Laid-Open Publication No. 2007~
10883} . This recursive reflector is configured to have an
optical structure layer having a recursive reflection
structure, a wavelength selective reflection laver formed
along the recursive reflection structure, and an optically-
transmissive resin layer in which the recursive reflection
structurg 1s embedded. The optically-transmissive resin

tayer 1s formed of, for example, an ensrgy beam curable

Summazry of The Tnvention

However, the structure disclosed in Japanese PDatant
Application Laid-Open Publication No. 2007-10893 cannet
reduce residual stress after the énergy beam curakle resin
is cured. Therefors, the structure tends o cause

deterioration in transmittance of the optical device from
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In a first aspect, there is provided a 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 sgeonghveldmesand heingetosmedien the fiest davprna ratiq ebthegecandrulumede the first
volume being equal to or larger than 5%, the concave section being filled with the first layer, the

structure ahdithe oftivahfshcidiayetbeing emibedded inthé entdddingsresitclayse agledst one of
the shaped Iaé/er and the embedding resin Iaéer havmg .|I1%lht t&aglsgwls&venpro%%rgyc%nd %%gntrance

surface forthg incfiht figtY ~ * P& E8E65d S8pect TRé

.
&fé is provided a'dlin-séréening apparatus,

comprising,Qng,eLmpLe sHR-SCLeaning members.configuredtossesgen sunlight, the sun-screening
members having the above optical device. In a third aspect, there is provided a fitting, comprising

a lighting section provided»witlT ttehabovie opticdt alevies. as |desfonitheabpabt;tisereis piovided a
window material, comprising: a first retainer configured to have a structure formirgﬁa concave section;

an optical RAEHESH I eRrmEd ohdfe BRuctie: GRd cORMGUTEd fu FartidiyRIES REidémTight; a
second retginer mage ofgnergy.baam C%@Qéﬁé@éiﬁum? sgcpnd,efaines being-egnfigured to have a

first layer having a first volume, and a’second layer formed on the first layer, the second layer being
configured iadademstsetbgt volume) thesolcayle sgatdr bging Hilled:wath the fiyst tayencatatio of the
second volume to the first volume being equal to or larger than 5%, the structure and the optical

function layér GG 8rlidided 3n tHPSECHEEREiRGr; aRBRRRRATLR, unifconmetled ® the Second
retainer. Ip & fifth,asnect fhere s pravided e manufachuringmethad; (or, an gptical device,

comprising: forming a first retainer configured to have a structure forming a concave section; forming
an optical fasetierelayer formed on the structure, and configured to partially reflect incident light; and

forming a second retainer configured to have a first layer havir]% a first volume, and.a second layer

formed on the firsEfay8r, Th& SEcHTPRGEr bERDNfiGURETY st RlurE theSconcave
section being filled with the first %ggreg raiigg)efétheh%quqg vg:!un%%{,qlgl@u@rgt vg%@tgsin% equal to or
nd the optic '

larger than %?6;3%%%8&%9 the structure function layer in energy beam curable
resin. Acsecding tosan-embedimant efdbe quesentinventon, thereis fovided anwpticad device
including a shaped layer, an optical function layer, and an embedding resin layer. ~ The shaped layer
has a strucBETELHIT a coMeavERetiighred 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 the optical
function layer being embedded in the embedding resin layer,
at least one of the shaped layer and the embedding resin
layer having light transmissive property and an entrance
surface for the incident light.

In a second aspect, there is provided a sun-gcreening
apparatus, comprising one -or more sun-screening members
configured to screen sunlight, the sun-screening members

having the above optical device.

3



The optical function layer is formed on the structure, and configured to partially reflect incident light.
The embedding resin layer is made of energy beam curable resin. The embedding resin layer is
configured to have a first layer having a first volume, 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 torthe fiyst yglume b@gg@@ygl to-ellpeger than Selhrestrugturer and theyoptical
function layer are embedded in the embedding resin layer. At least one of the shaped layer and the
embedding reginr fay/endasdight rghsmissivesgopeay, aivd aked@nce Subfackier thrkagident light.

In the above optical device, the optical function layer is configured to partially reflect incident light
passed intS%fe SRUCTY #ifSugh the entrance surface. The structure forms a concave section on the

surface of the shaped lavers Jhewapticglfynction layge farmed-on Kudere is copfigiyed to reflect
light in an incident direction. Therefore, it is possible to suppress the rise of surrounding temperature in

comparisomavith-riegllarceftgctioni by reasonithat theespticattunction faper ésidésighed o reflect
inferred light. Further, it is possible to have a high level in visibility, and let,in Ilsght Whiletsl?g{)ressing
the rise of SGHFUGHARG tehidtaitfe, By FFROA TRat BRESpREH fulBtioRfay&iid dédiidd ' have

visible light passeddherethyough. ., Insthe phove.opticaldevices e embeddinggesindayes can
prevent the structure and the optical function layer from damage and defacement, and enhance quality
in durability;dfy: keaisoni that deenembedyging resin daysrnsl caordigaredto furction as adamrdor protecting
the structure and the optical function Iaéer. The second layer can reduce residual stress when the

energy be&iRaUrabIE 4R i€ HHA; ahtPréRT R HAnS MR o Mhd BRi ST He RS Bing
lowered dyg to delaminaligp between the,ontical funclion layer and.fhe firstlayer overadaag period of

time, by reason that the embedding resin layeris
layer formed on the first layer, the second layer being

configured to have a sgecond volume, the concave section
being filled with the first layer, é 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.

In a fifth aspect, there is provided 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 a
first layer having a first volume, and a second layer
formed on the first layer, the gecond layer Dbeing
configur@d 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%,
by embedding the structure and the optical function layer

in energy beam curable resin.
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conf gured to have a first layer with which the concave section is filled, the first laver 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, hgmisphera 40rcorngr, ofasuban@iribe like. chd heepgegyheanveuablmresin is
typically made of ultraviolet resin. On the other hand, the energy beam curable resin may be made of
resin whiclr fescurables in pespoidedo elactrontbieedd; Xday linfardd visifd ight. ThEBR&ASEH layer may
be made of energy beam curable resin, or other material such %s therm%%l% (Lg E?Sinr%nqn
thermo-settifgGEsin 37 TR dbtichl detise Aiay badSrmed iRte film. sheet. of block, and may be
attached tqg%qtgrior or exterior trim or window for architecture or automotive vehicle. = 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 energyrkearteyratile iesie by thesseeond tayes SThereforgitimay Ife difisdgisprevent the
delamination between the first layer and the optical function layer over a long period of time. The
second volR#te-EsFetermined on the basis of shrinkage stress of the energy beam curable resin. It is

FNEferabletha“h%he optical function layer is formed on the structure,
and configured to partially reflect incident light.

The embedding resin layer 1is made of energy beam
curable resin. The embedding resin layer is configured to
have a first layer having a first volume, and a sgecond
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 egual to or larger than 5%. The structure and
the optical function layer are embedded in the embedding

resin layer.
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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 volume, a ratio of the second volume 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, it possible to prevent delamination between
the optical function Iaxgr?and the first I@yggi The %ptjca[ device may further include a base member
formed on at least oné of fiie shapedaysr and the Embadding Fesif 1y &F tie base member being
right-transmissivesproperfyr half is pessible 40 enhance-protegtion effes far the structure and optical
function layer, and to have high productivity. Acqording to an embodiment of the present invention,

there is provided' a iilto taterial Wdluditiy At Elbportit member, an optical function layer, a

second supporting member: ancbavipgdonunitiev: The first suppoHing membesis configured to have
a structure forming a concave section. The optical function layer is formed on the structure, and

configured to paftify fefléctinéidiehtdight. PRE setbht SEdpcingimeniserisimate of energy beam
passed intc the structure through the entrance surface.
The structure forms a concave section on the surface of the
shaped laver. The optical function laver formed on the
structure is cenfigurad to reflect light in an incident
direction. Therefore, it is possible to suppress the rise
of surrounding temperature in comparison with regular
refiection, by reason that the optical function layer is
designed to reflect inferred light. Further, it is
possible to have a high lsvel in visibility, and lest in

light while suppressing the rise of surrounding temperature,

by reascn that the cptical function layver iz designed o
have visible light passed thersethrough.
In the above optical device, the embedding resin layer

can prevent the structure and the optical function layer
from damage and defacement, and enhance quality in
durability, by reasorn that the embedding resin layer is
configured to function as a layer for protecting ths
structure and the optical funciion layer. The second layer
can reduce residual stress when the enercy bsam curable
resin 1s cured, and prevent ftransmittance of the optical
device from being lowersad due to delamination between ths
optical function layer and the first layer over a long

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



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 is configured to have a second volume.
The concave section is filled with the first layer. A ratio of the second volume to the first volume is
equal to or larger than 3%. 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 heacf gohi%g\]fevel in ,viﬁssijgil?pé,vggd IS c]gn];irgu_[%d to let igrllight while suppressing

the rise of surrgﬁﬁé]lln%gfempérature,eahad 0 prévent delamination between e o?:)fi%al function layer
and the first layer-averna dang periot, of time; and has a:highsgualityan durability, bynseason that the
optical function layer is designed to reflect infrared light, and to have visible light passed therethrough.

According to afi ¥mBodifight of e présamtinvention® tHers 5 provited &'Hiantfatttring method for an

forming a concave section. An optical function layer configu[e_d to partially reflect incident light is -
formed on the StficfureS A 866G stippdititiy Mefberds Téiméd by éRbetitfingdhe structure and the

optical function;layexdn energy beam curgblg.tesin;: apd configured to have.a firstlayer having a first
volume, and a second layer formed on the first layer, the second layer having 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 tham5% - -,These and other aspects, features and advantages of the present

invention will become more apparent in light of the following detailed description of best mode
embodiments thee6f, &5 Hustated it thelasconqariing drawings: BriekDeschiptivh<of Drawings

or the like.

The energy besam curable resin is typically made of
ultraviolet resin. On the othsr hand, the energy beam
curable resin may be made of resin which is curable in
response to electron beam, X-ray, inirareg Light, oz
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 inte f£ilm, shest, or
bicck, and may ke attachsd to an intsrior or exterior trim
or window for architecture or automotive vehicle.

lihen the ratic of the second volume to the first
volume is smaller than 5%, it mey be difficult to reduce
residual resin of the energy beam curable resin by the
second léyer. Therefore, 1t may be difficult to prevent
the delaminatlon between the first laver and the optical
function layer over a long period of time. The second
volume 1s determined on the basis of shrinkage stress of

the energy beam curable reszin. It iz preferable that the



Fig. 1 is a cross-sectional view schematically showing a configuration of an optical device and a heat
reflecting window provided with this device according to one 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 %cmf'ﬁ;uratlon .of the sha%ed Ia}}/er of the optical device; Fig. 5 is a

cross-sectional Vigh for eXplaifing 4 mdin part of an-embeddir Fésﬁqé%f{%??hg dptidal device; Fig. 6

is a cross- sectl@@adaylawf@éexpiﬁmlr@amropﬁfaﬂﬁa of the optical device; Figs. 7 are
cross-sectional views for explaining steps of a manufacturlng method for the optical device according
When the en&rgy beam curable resin has a curs
shrinkage ratio egual to or larger than 8% in volume, a
ratio of the second volume to the first volume may be equal
te or larger than 1%% in wvolume. When the snergy beam
curable resin has & cure shrinkage ratic egual to or larger
than 13% in volume, The ratio of the second volume to the
first volume may be equal to cr larger than 50%. When the
energy beam Culab‘e resin is cured, it possible to prevent
delamination between the optical functiocon layer and the
first laysr.
The optical device may further include a base member

formed on =t least one of the shaped laver and th

1))

embedding resin layer, the base member being light-
transmissive properiy.

It is possibkble to enhance protection effect for the
structure and opfiéal functicn layver, and to have high
productivity.

Lecording to azn embodiment of the present invention,
there is provided z window material including a first
supporting member, an optical funcition layver, a second
supporting member, and a window unit.

The first supporting membsr is configured to have a
structure Iforming a concavs sectlion.

The opticai functlion layer is Iormed on the structure,
and configured to partially refliect incident light.

The second supporting member ls made of energy beam



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; Fig. 10 is a plan view showing
a main part of the manufacturing apparatus shown in Fig.97 Fig. 11 is a cross-sectional view
schematically showing an example of a configuration of a main part of a mold tool configured to
manufacture thE SHEped Bifer®: TG, 125675 gRaiy Showing BeRetafionshipRBetiesit Yolume ratio of a
fiat layer of the embedding resia Jayer,and:tansmittance-change of the.optical device subjected to a
high-temperature and high-humidity test, which will be explained in examples of the present invention;
Fig. 13 is a perspeéive Vgl SHowingca Féfatibnshiibetwéen IRftdneideriton. the optical device and
light reflected frog, ae.opsical dayice, which willbe explainedrin.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-fo-amodified exafiplatofithespreséntiptention; the second volume

to the first volume is egual to or

larger than 5%. The

structure and the optical function laver are embedded in

the second supporting member.

The window unit 1s connected

membar.,

The above window material

¢ the second supporting

a high lewvel in

vieibility, and is configured to let in light while

suppressing the rise of surround

prevent delamination between

ing temperature, and to

the optical function laver and

the first layer over a long period of time, and has a high

guallty in durapllity, by reascn that the cptical function

k ﬂ
l"‘h

layer is designed to

[

visinle light

i

asse

ge;

lect

therethrough.

infrared light, and to have

According to an embodiment of the present invention,

there i1s provided z manufacturing method for an opiical

device, the method including forming a first supporting

member configured to have a structure forming a concave

section. An optical function

reflect incident light is formed on

second suppoerting member

structure and the optical

curable resin, and configured tc ha

is formed

function

confi

lQ

ured to partially
The structure. A

by embedding the

laver in energy beam

ve a first laver having

a Tirst veolume, and a second layer formed cn the first



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 formed in the shaped layer of the optical device according to a

_mO(_jifie_d example of the present invention; 16B is a cross-sectional view showing a direction of
inclination oha#nainxis efdbesiructiyes formertiy the shapedilayen ofidie aptisakderiesraccording to
the modified example of the present invention; Fig. 17 is a cross-sectional view showing an

example of&<cbafiguratomef thé bptidalviekite Heeordiito almvaiied 2xdRmplroftfhe Hident
invention; Fi%a. 18 are cro%sés%%iongl. views @gfh sgogieplqnanther example of afggg%%ration of

the optical TR ac%grdfrﬁﬂg? tod mod*:i’fiedlé:xsample of the preseﬁt iﬁ\?élrlatlon?lgig?EQ IS a

cross-sectigpalview showinger example of a configuration of the optical device according to a.
modified example of the present invention;
These and other aspects, features and advantages of

the present invention will become more apparent in light of
the following detailed description of best mode embodiments
thereof, 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 a heat reflecting
window provided with this device according to one
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 1s 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 cfoss—sectional view for explaining a main
part of an embedding resin layer of the optical device;

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

Figs. 7 are cross-sectional views for explaining steps

of a manufdcturing method for the optical device according



Figs. 20A and 203 are perspective views, each of which shows an example of a. configuration of the
shaped layer of the optical device according to a modified example of the present invention; Fig.
21A is a plan view snowing another example of the configuration of the shaped layer of the optical
device according to the modified example of 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. 21A along a line C-C'; Fig. 22A is a plan view showing further example
of the configuratioR'tt tRE"SHapEd fayer of theSFiEATdeVicE Accdfding to the modified example of the

present invention;  rFigs 228 is-a cress=seationabyiewof the shapeddayer shown:inFig. 22A along a

line B-8'; Fig. 220 is a cross-sectional view of the shaped layer shown in Fig. 22A along a line C-C';
©f 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
e the embodiment of the preasent invention;

Fig. 10 is a plan view showing a main part of the

manufacturing apparatus shown in Fig. 8

i

Fig. 11 is a cross-sectional view schematically
showing an example of a configuration of 2 main part of a

mold tool configured to manufacture the shaped lavyer;

]

ig. 12 1s a graph showing a relationship betwesn

the embedding resin laver

iy

voiume ratic of a 1

T laver ©

jsi]

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

Fig., 13 is a perspéctive view showing a relationship

between light incident on the optical device an

o

reflected from the oprical device, which will be explained
in a modified example of the present invention;

Fig. 14 is a cress-sectional view showing an example
of a configuration of the optical device according te a
modified example c¢f the present invention:

Fig. 15 is a perspesctive view showing an sxample of a

configuration of structures of the optical device according

by

to the modified example of the present invention:

Fig. 16A is & perspective view showing an example of 3

S



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 of the present
invention; Fig. 248 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 crog&BetlioRaF View Showing S mail paif of P BII-tifT stih $éteening apparatus of
Fig. 25A7  Rig:26Aisa perspective-view, showing an: example: of a:configuration of a fitting
according to an application example of the present invention; and Fig. 268 is a cross-sectional
view showing & fiaifi‘Part Of #5€ fittiig of Fig. 26A. Description of Preferred Embodiments Hereinafter,

one preferred embodiment pfthe presentll-cccrional view showing a direction

of inc

inatio

=

& main axis of the structures formed in

-
1

o
the shaped layer of the optical device according to the
modified example of the present invention:

Fig. 17 1is a cross-sectional view showing an example
cf & configuration of the optical device accerding to a
modified example of the pressnt inwvention;

Figs. 18 are cross-sectional views each showing anther
example of a configuration of the optical device according
tc a modified example of the present invention;

Fig. 1% ls a cross-sectional view showing further
example of a configuration of the optical device according
to & modified example of the present invention;

Figs. 203 and 20B are perspective views, each of which
shows an example of a coniiguration of the shaped layer of

the optical device according tc a modified example of the

Fig. 21A is a plan view showing another example of the
configuration of the shaped laver of the optical devige
according to the modified example of the pressent invention;

Fig. 21B i1z a cross-secticnal view of the shaped layer

shown in Fig. 21A along a line B-BY,;
1

FPig. 2

o
=
F
oy
i
o

C is a crogss~sectional view

haped laver

shown in Fig. 21A along a line (-

O

Fig. 222 is a plan view showing further example of the
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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
laver 11 and the embedding resin layer 12. The optical device 1 further includes a first base member
21 located on thi&$hapecfiayet 11°and% Se8BAd bdeé meMberR2296EatEd oflthedmbedding resin

layer 12, the first-andsacondbase members2L ane:22 being respectively made of transmissive
materials. The optical device 1 is attached to a window unit 30 of an automotive vehicle or a building

through a connecting Tafer 23%oihet G/ t6 setohirbase Fambef 22e siEges part/stthe optical
device 1 will them be-descriked hﬁgin@_f@{dngq@ﬂe[@h@pgd Layer] The shaped layer 11 is made
of, for example, thermoplastic resin such as polycarbonate, thermosetting resin such as epoxies,
ultraviolet curable resii8uch%s agnfics 6 vther trahemissivesesit materiahansthis.embodiment, the
shaped layer 11 s made of ultravielet.gurable resip, and-similar in material to an embedding resin
layer 12 to be described hereinafter. The shaped layer 11 has a function to support the optical
function layer 13 as afsuppértingsmemberrad s formied irtoditin sheet splate,ler square, which is

Fwewousw(kﬂegBH¥§%H}gygggeg§'a window shade apparatus according o an

application sxample of the present inventicn:
Fig. 24 is a cross-sectional view showing a main part
of the window shade according to the application example of
the present invention;
Tig. 24B is & cross-sectional view showing & maln part
of the window shade according teo the modified example of
Flg. 24A;
Fig. 25A is a perspective view showing an example of a

configuration of a roll

w
@]

reen apparatus asccording to an
application example of the present invention:
Fig. Z5B 1s a cross-sectional view showing a main part

cf the pull-down sun screening apparatus of Fig. 25A;

e}

Fig. 2&A is 2 perspective view showing an example of a
configuration of a fitting according to an application
example of the present invention: and

F'ig. 26B is a cross-sectional view showing z main part

of the fitting of Fig. 26A.

Description of Preferred Embodiment

Hereinafter, cne preferrsd embodiment of th
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The shaped layer 11 has a plurality of structures 11a 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 llb on the side opposite to the structures ila. 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, or the like. The concave sections 111 are the
same as each other in shape and size. However, the concave sections 111 may be divided into areas
which differ fror€58h tifier i shape ETF SiZE Orperiodicafy BRaRged iRCSHapEantisire.  Fig. 2is
a fragmentary peispactive view showing a shaped layer 11 having structures lla of one dimensional
array forming concave sections 111, each of which has a shape of triangular prism (shape of prism).
Fig. 3 is a fragnmeftdryPerpettiveivielirshawirng a stapetklayer 11 having structures lla of one
dimensional array formigg concave seetions J44; sach of:which has a qurved, surface (shape of
cylindrical lens). Fig. 4 is a fragmentary plan view showing a shaped layer 11 having stfuctures lla of
two dimensiondl &fays foifiingPeonéave seetibhsll FEdarh obwhich hasta shape of triangular
pyramid (shape.of delta. dense array), However, the cqnave sections 111, (ar. the structures 11a) is
not limited in shape, and may be formed into different shapes such as corner ofa cube, hemisphere,
oval hemisphere} $reetérra ‘sutface; Dolyanhl ucitcular tomi, many-sided pyramid; circalar truncated
cone, paraboloigﬂgégfaica%} e%onpﬁv%tansd gggv%.ﬁgh%e% tt.é);m syj{faceiog ;%% cgncave sections 111 .
may have a polygonal shape such as cwc‘ﬂé, eﬁlpse, triangle, squafe,aﬁexagon, and octaaon. A pitch
of the structuresdta (concave seetiond Elrther,tdistancenbetween twarpeaks of congave sections 111
adjacent to eachu%'Eerejrgri]s not !iirpiae‘g toas ecig(%v\{alune,éwq}r:d maybe selectable from tens of pm to
hundreds of pm as necessary. It is preferable that the piteh of the Structires Ife ba“&qual to or larger
than 5 unn andweguattosarismalles than :mwn. As . anotherqureferablesange, the pitehof the structures
ha may be equal to or larger than 5 pm, and smaller than 250 am. As further preferable range, the
pitch of the structires it may be*&qliarto BFTATGer than 209 afid efitiaPBF Smdi&tthan 200 pm.
On the other hand,auider the-eanditipnsthat-the bitch oftherstiueturesd 15qis-smaller than 5 um, it is
difficult to form concave sections 111, each of which has a desired shape. Further, it is generally
difficult to allow &1 optical fanction ayertofavé A precipitous fiavelérigi:Selettive haracteristic. In
some cases, the-opficaldupstionJayer tends txiroproperiy reflect.cart of light tofae.passed through this
device. As a result, higher-order visible ligh.t is generated through this refraction. When,

cptical device 1 is attached to a window unit 30 of an
automotive vehicle or a building through a2 connecting laver
23 formed on the second base membar 22,

Each part of the optical device 1 will then be
described hereinafter in detail.
[Ghaped Layer]

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, cor other transmissive resin material. In this
embodiment, the shapsd laver 11 is made of ultraviolet
curabie resin, and similar in material to an embedding

resin layer 12 to be described hereinafter. The shaped
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on the other hand, each of the concave sections 111 has a shape necessary to reflect light in a
designated direction, the optical device 1 becomes less flexible due to the increased thickness. It is
difficult to attach this optical device to a rigid object such as the window unit 30. When the pitch of the
structures ha is equal to or larger than 5 pm, and smaller than 250 }am, the optical device 1 is
improved in flexibility, and can be produced with ease by roll-to-roll production system, without batch
production system. In order to apply the optical device to architectural material such as window, it is

necessary to prodiice tie fér-meterony Bptitaldevict " Thefefre L fifd rdiEits: P Production system is
suitable for the preduction:of thesoptical-deyjce dricomparison with,tabatch,production system.
Specifically, the roll-to-roll production system does not limit the depth of the concave section 111. For
example, the d&pfif of thie tohcave sERtif11T ey be defstitined witRirthe égaal toor larger than
10 pm, and equaltei@r-smaller than 100 um. The aspect ratio (depth and square) of the concave
section Ill may be equal to or larger than 0.5. [Optical function layer] The optical function layer 13 is
formed on the structufé§ iIEGPHe shaéd layertl 2 The'oitica! fuRctici T3 s ala

wavelength-selegtive reflgc '?Q;@X%FPCMiEQm%QQeP“&@&@MH@VH ﬁ'%&%ﬁj’@%%togeﬂect lightin a
specific wavelength range (first wavelength range), and to have light passed therethrough in a range
(second wavelergthaemgs) othetthdn thespeeific Wavelengthlegrige. 1A this émbodiment, the term
"specific wavelength.range” means an infrared wavelength range including.a near-infrared wavelength
range, and the term "range othér than the specific wavelength range™ means a visible light range.

The optical functiorslayer 43 is-formedwith-alterhating layers of, for example, a first refraction index
layer (low refraction index layer) and.a second refraction index layer (high refractian index layer) which
is larger than the first fefraction index layer in reffaction index. On the other hiand, the optical function
layer 13 may bé&fermedrwith afternating fayerssof agnetallayerandiah opticaly=tramismissive layer (or
transmissive condyctive IQV?Q' The metal layer has a high reflection rate in an infrared range, while
the optically-trafismiSsive layef fanctions 48 an antiréflectior fAyer, and Has'8 1igh refraction index in a
visible range. cylinder, curved surfacs, or the like. The concave

i

sectlions 111 are the same as sach other 1n shape and size.

0

Hewever, the concave sections 111 may be divided into areas
which differ from each other in shape and size, or

periodically changed in shape and size.
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Fig, 2 1s a fragmentary persp

view showing a
shaped layer 11 having structures lla of one dimensicnal
array forming concave sactions 111, =zach of which has a
shape of triangular prism {shape of prism). Fig. 3 is a
fragmentary perspective view showing a shaped laver 11

having structures 1la of one dimensional arrav forming

concave sections 111, each of which has a curved surface

pum—

{ghape of cylindrical lens). Fig. 4 ilg & fragmentary plan
view showing a shaped layer 11 having structures 1lla of two
dimensional arrayes forming concave secticons 111, each of

which has a shape of triangular pyramid (shape of delta

1

()



The metal layer having a high reflection rate in an infrared range includes a single element such as Au,
Ag, Cu, Al, Ni, Cr, Ti, Pd, Co, Si, Ta, W, Mo, and Ge, or an alloy made mostly of two or more :
elements. More specifically, AICu, AlTi, AICr, RIC, AINdCu, AIMgCu, AcBi, AgPdCu, AgPdTi, 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 optically-transmissive layer may be made mostly of, for example, tin oxide, zinc
oxide, indium-dopetftif-oxde, mafsHal Tontdinthg SRFBSH naRotiHES, ihdiumSoped zinc oxide,
antimony-doped ¢in.exide; or:a layersnagde afiresin whigh has-high-levels.of naneparticie having those
materials, nanoparticle having conductive material such as metal, nanoparticle, nanorod, or nanowire.
Additionally, the BpticallyittaRsmiseivetay&ror rafsiissive conductiveslayeridy htve-a dopant such
as Al and Ga fosthe purpose.of-impraving Ahequality and flatness of those layets under the condition
‘that the metal oxide layer is formed on the basis of a sputtering' method or the like. For example, Ga
and Al doped zPExi#ECAZOFBIHoped e axideiaZ0¥ orcacdoped e oxidel can be
selectively usef for-the, metal, oxide layer made.of zing axide serjes, - ILis preferable that the
refraction index of the high refraction index layer contained in the laminated body be equal to or larger

than 1.7, and egqaaktyer sidllemthahi2.614s havther preferable refrastiondindexzthe refraction index
of the high refraction index layer may he | tq or Jarger than 1.8, and equal to or smaller than 2.6.
As further prefggréf)lée}i“Féfrg)ét%r%%ﬁdjyx"thaegr%#r%ct%%uﬁ% ex gfef?]aegﬁféh féfflactfg%]ai%%rék layer may be
equal to Or larger thah 1.8; @nd-équakteorsniallerthan=2.6¢cin: thissanger the: high refraction index
layer can be formeg as a ithLn flllcrg v}gign%utegrqc#b angmtygc(tjigncaos %ntigeflegctiop fllgn in visible range.
Here, this refraction ifdex indicates a refraction index measured at & wavelangth 6f 550 nm. The high
refraction indexdayetis:.a layet madethestly of metal oxide: da teems ofsuppressingisiwess of this
layer, and redugi_ng thejrgziden(ie of ﬁc:}lgcﬂ:@k,ggmetimes it is preferable that the high refraction index layer
be made of mefal Oxide othef thar 2ite Sxide s pdifically, s Pretaritigd Jse APkt one of
niobium oxide (far-example, njebium pestexide) tantalum pxide (for example, tantalum pentoxide),
and titan oxide. It is preferable that the thickness of the high refraction index layer be equal to or larger
than 10 nm, and Eqtial 16T smallBF th&dH 120 infAs fdrther pretérablethickniesg3ttfe thickness of the
high refraction indexJayes may be.equal tg.0r largesr-than0 pm, and sgual 19,95 smaller than 100 nm.
As further preferable thickness, the thickness of the high refraction index layer may be equal to or

larger than 10 rith “andEqiartoSsr Saie? Than BEAm AWhersh tHe GtherHaiftE, théahickness of the

high refraction igdex layeris;smaller thanr10:am, the high refraction indexlayer tends ta reflect visible
light. When the thickness of the high refraction index layer is larger than 110 nm, the high refraction
index layer is reédtfceth irFfrafisniiftanter ane-teptis'toiniake iPeasieras Haveotlackrser

than 20 pm, and egual to or smeller than 200 pm. On the
other hand, under the condition that the pitch of the
structures 1lla is smaller than 5 um, it is difficult to
form concave sections 111, each of which has a desirsd
shape. Further, it is generally difficult to allow an
optical function layer to have a precipitous wavelength-
selective characteristlec. In some cases, the optical
function layer tends to improperly reflect part of light to
ba passed through this device. As a result, higher-order

visible light 1ls generated through this refraction. WwWhen,

s
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The optical function layer 13 is not limited to a multiple layer made of inorganic material. For example,
the optical function layer 13 may be composed of a thin film made of high-polymer material, or a
laminated film of s made of high-polymer material having scattered fine particles or the like. The
optical function layer 13 is not limited in thickness to a specifid 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 glgag)ositcl{on method, o;_rhwegw process such as dip ,‘cpaati‘ng method and die
coating method is u&&d as' 8 methdd o‘??b‘r‘mi(‘r)‘\ig an %p‘ti%%ﬁau‘rn“ctib%vlajy%rrlslﬁ Thé* Etiéal function layer
13 to be formediopthe.stieictares ha is sabstantiallyruniform inithicknessAdditiopallynit is preferable
that the average thickness of the optical function layer 13 be equal to or smaller than 20 win As
another preferablé rangeS the Gverage thitkndss or thiebopticat fanétioh fayér 3 ay be equal to or
smaller than 5 pax-As furher preferable rangesthe average:thiekness ef the, optical function layer 13
may be equal to or smaller than 1 pm. When, on the other hand, the average thickness of the optical
function layer 12Pis1aFgeF fifar 20pm Athetfight Fathesfrasmittsd fight is-nef&ased, -and inclined to
stress an imagepfthedransmitted light.. <Theoptical function laygr 13 may.bayg.ong-or more
functional layers composed mostly of chromic material which reversibly changes in reflective
performance, stiticture afid thediketmlfesporiseito’éxteifal Stiraufitiorsdchws heat light, and
invading molecwgvrm%@p};@a:}mmmac r 13 may. becombined with the.laminated film and
transmissive conductive layer. For example, as chromic material, photo-chromic, thermo-chromic,
gas-chromic, orelectig-chramie material vhay betesed forthersplicalfunetdonddayert3. The term
"photo-chromicsrpg%%ggl" means material, Qiﬁh rt%\/@erggjbg)_zL changes.in structure with light. The
photo-chromic niaterial can reversibly change ' in various properties such as reflection rate and color
while being subjected:to-ultraadiotet Jight sFosexample wiCripie" U'Nitonthe: ke doped Ti02, NO3,
Mo03, Nb205 or other transitign metal compound m%xabﬁ used as phgto-chromic material. In order to
improve Wavelepngt “Selective ‘Characteristic of the optica function layer i 'aolayér different in
refraction index-frdoin-the-oplicabfunction layes 13- may: be farmed an this layer. The term
“thermochromio material" means material whjch reversihly changes in structure with heat. The

production oI thne optlcal device 10 comfarison with ths

batch production system. Specifically, the roll-to-roll

production system does not limit the depth of the concave

section 111. For example, the depth ¢f the concave sectlon

1311 may be determined within the egual to or larger than 10

wm, and egqual to or smaller than 100 um. The aspect ratio

{depth and sguare) of the concave sectlion 111 may be egual

to or larger than 0.35.

[Optical function laver]

The optical function layer 13 1s formed on the
structures 1la of the sheaped laver 11. The optical
function layer 13 is z wavelength-selective reflection
layer including an optical multilayer film configured to

regfiect light in & specific wavelength range (first

wavelength range), and to have llight passed therethrough in

1

51



chromio material can reversibly change in various properties such as reflection rate and color while
being subjected to heat. For example, V02 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 V02 for the
purpose of changing transition temperature or transition curve. As a laminated structure, a layer made
mostly of the thermochromic material such as V02 may intervene between two antireflection layers
each of which is made m sgl odeiO,,_ ITO, orhother m teri%L hngn%higillrefragiani,nﬁdex. On the
other hand, a &&%%%ela fics Slich"as %ﬁ%ﬁl&ﬁ‘ériﬁfﬁ%ﬁi c?ystgl‘is r‘na‘&l/ be Tised"as thérmochromic
material. The cholesterig:liguid-crystaliean setectively: reftects light onsthe basiscafdis-interlayer spacing
which is changed with temperature. Therefore, the cholesteric liquid crystal can reversibly change with
heat in various Properiids such &S refléEioh 7Ate and Totst WhiE BEIRG SubjESRd to heat. Further, two
or more cholesteric liquidcrystals different.ia dhickness-ram eashethermayrhe used to broaden a
reflection range.  The term nelectrochromic material® means material which reversibly changes with
applied voltage firGafiols Hropeftids sheh REreffeltioriiate HHi-Eolt? "E8r eX&RTSe2the electrochromic
material can reyersiblychange in.stgicture 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 BéusstF aseleéttbERicHic-mdteriaPwhich €aRdie géhtrolled in optical property in
response to exigrnal stimulys t9.selectively assume;states icluding a.transmissive state, a mirror
state, and/or an intermediate state. For example, alloy material consists primarily of alloy material such
as magnesiumdrtt ickef afloy ;- rragresiant and titadfum aaloyr angnmatesalbrnwhich W03 and acicular
crystal having selective reflectivity, are sontained,innicrocapsule. may,be tised as elegtrochromic
material. As a specific configuration of the optical function layer, for example, the above-mentioned
alloy layer, a catalytic:layertineluding Pdand thedike; @i thin buffer layerof Akand the like, an
electrolyte layer of 1205, and the ike an fon storage |ayer sugh s W3 and.proten, and

laver 13 may be formed with alternating layers of a metal

layer and an opticaliy-Transmissive layery {or transmissgive

conductive layer). The metal layer has & high reflection
rate in an infrared range, while the optically-transmissive
laver functicns as an antireflecticn layer, and has & high
refraction index in a visible range.

The metal layer having a high reflection rate in an
infrared range includes g single element such as Au, Ag, Cu,

4

Al, Wi, Cr, Ti, Pd, Co, Si, Ta, W, Mo, and G=, or an alloy

[}

made mostly of twe or more elements. More Spécifically,
AlCu, ALITL, AlCr, AlCe, AlNdCu, AlMglu, AgRL, AgPdCu,
AgFdTi, AgCuTi, AgPdCa, AgPdMg, AgPdFs or the like may be
used as material of the méﬁal layer., The cptically-

. transmissive laver is made mostly of high-permittivity
material such as nicblum oxide, tantaium oxide, or titanium

cxide. The optically-transmissive laver mey be nmade mostly

&
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a transmissive conductive layer may he stacked in layers on the shaped layer. On the other hand, a
transmissive conductive layer, an electrolyte layer, an electrochromic Layer of W02 and the like, and a
transmissive conductive layer may be stacked in layers on the shaped layer. In those configurations,
the proton contained in the electrolyte layer is doped or undoped in the alloy layer when voltage is -
applied between the transmissive conductive and a counter electrode. Accordingly, the transmittance
of the alloy layer changes. In order to improve the selectivity in wavelength, it is preferable that the
laminating layef be providéd it thé Bleiotiironiit inatarialand RigHFettastoh fridex material such
as TiO2 and ITE: As anpther-canfiguration fransimissive canductive layer, light transmissive layer in
which microcapsules are scattered, and transmissive electrodes may be stacked in layers on the
shaped layer. I thfs ComtfiGuraftiont TR b5t delvice a%3dfesd transtissivestatadn which the
acicular crystal contained i misocapsulesdsc.riented.in the.same direction when voltage is applied to
two transmissive electrodes, and assumes a wavelength selective reflection’state in which the acicular
crystal containétf it Fiiéfocapsiles s seateréd i directiof et random without being eriented in the
same direction yshen voltageis not applied to.two transmissive, electrodes. [Embedding resin layer]
The embedding resin layer 12 is made of, for example, transmissive ultraviolet curable resin. The
structures ila of the shaped fayek 11, ahdeheroptical functiom fayersi3aré #mbedded in the embedding
resin layer 12. . __E X le yltraviolet curable resin.includes, as.composition element,
(meta-)acrylate, gﬁ%%ﬁé%%%lyﬁgﬁ%’tfgﬁ%%3?0% Ifr r?&e%%‘é?y,athéeaﬁPaViSI%E%u?gb éﬁresin may
further include Kghit Sabilizert fireyvetarding niateriak,develing agentzantioxidizing agent, and the like.
As acrylate, mopomer ggdégr Q i%%rg ﬁh%ViQQI‘ll}’ Qr _more (m@t@;)@rqu& groups may be used_ As
monomer and/or oligomer, urethane-(meta-jacrylate, epoxy-(metas)acrylate, pofyesteri(meta-)acrylate,
polyol-(meta-)acryldte, polyether- @neteejacrylates Mmelamined metas)acrylate ©rdbe:like may be used.
Here, the term "(vmgﬁg;_)aqr leyi group” is in%nded to indicate either acryloyl group or metaacryloyl
group. The ternt "oligomer™is inteldled 16 dicate®a MBlectls RBYhg a fiolscti&r weight of 500 to
6000. As "photopelymerizatian putiatorn.fos .exanplez benzephenons.derivative .agetophenone
derivative, anthra%uinone derivative and the like may be used as a single agent or in combination.

ca he FeieCrively usea Lor uihe metal oxide LEVer made oI

zinc oxide series,

It is preferable that the refraction index of the high
refraction index layer contained in the laminated body be
equal to oxr larger than 1.7, and egual to or smaller than

Z.6. RAs another preferable refraction indsx, The
refraction index of the high refraction indez laver may be
equal to or larger than 1.£&, and egual to or smaller than
2.6. As further preferable refraction index, the
refraction index of the high refraction index layer may be
'equal te or larger than 1.9, and equal to or smallsr than
2.6. In this range, the high refraction index layer can be
formed as 2 thin film without c¢rack, and function as

antireflection f£ilm in visible range. Here, this

refraction index indicates a refraction index measured at a
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Fig. 5 is a cross-sectional view schematically showing a configuration of a main part of the embedding
resin layer 12. The embedding resin layer 12 has a structured layer 12a (first layer) which the concave
sections 111 of the optical function layer 13 are filled with, the structured layer 12a having a triangular
shape in cross-section, and a flat layer 12b (second layer) formed on the structured layer 12a. The
structured layer 12a is formed in each ofthe concave sections 111 which constitute the structures ha.
The thickness of theistruc ure Igggr 12a isngufg\L tq the gggth_ of the concave sections 111. The
structured layef 125 &nd the Optical fifiction 18y&F 13 formed-on the Concave s&dtiorts 11 stick
together. The flai fayemni2b hassafunstiondediave:ihe structuredtayers l2a.eennecthyith each other,
and has a flat surface. The flat layer 12b has a function to suppress delamination resulting from
cure shrinkage oftitravitiet Eafapiaasin Wher fdemiSeddifig resif et £ iside of ultraviolet
curable resin. Isgenerad.when:utraviglet gunableresin is=subjgcted to-and: cyred.with ultraviolet light,
the ultraviolet curable resin shrinks on of an inherent shrinkage factor depending on composition,
contained materfal®antthédike of tie rédin®vhén the Shrinkdge*strés$ i Abt reduced appropriately,

the shrinkage siress is:focused qn the interface.between the optical function layer and adjacent layer
by heat load or the like to which the resin is subjected. The shrinkage stress tends to cause

delamination ofRistiAtef&e€ AnF empErEEN Tedices tiainSitfttance of the opticaldevice. Specifically,
the adhesion of,the;tesin 10 a metal layer.or.a diglectric layer s relatively low. Therefore, the

delamination of the resin to the optical function layéer tends to occur. In this embodiment, the optical
device 1 is configuied 56 haveathksflat Ry et 120: Teretsre, itfistiosdible torsippressadelamination of

the structured layer, . 12a tQ the gpéig%{qui%@Ialya%rg]é% bygggup;m%j{]nea& %r%%surgmgining in the
ed on the

structured layer 12a. he thickness Of the fiat layer 12b'is determin “basis of the ratio in
cure shrinkage ©of theaesartaberused asithe fiat layert¥2b and theamlemendtthesstructured laver 12a.
When, for exarr%ﬁlg, %tle_; é%i% in cure sphgi%kage of Lélltraa\g_iglglt C%ablg reng used a%the embedding resin
layer 12 is equal to or farger fian 3% in volime, the thickness oofetf}ielffieft‘lé:yleﬁra {2Bs determined under
the condition thatithe ratioof the:vplume: secancvolumae) efithe structurecklayes 1 2a-tanthe volume
(first volume) of,% e structured.layer 12a is equal to or arger than 5%. When, on the other hand, the

9] Tl

ratio is smaller than 5%, the reSidull stress 6f the' Structuréd Tayer 128 may D& possible to be
suppressed by the flat dayer-k2h-and:iherdelaminaten-siwneen-thesstructusedlayee12a and the
optical function Jayer 13 may not be controlled over 2 19ng period oTiMe:  nen, on

the other hand, the thickness of the high refraction index

layer ig smaliler than 10 nm, the high refraction index

laver tends To reflect visible light. When the thickness

of the high refraction index laver is larger than 120 nm,

the high refraction index laver is reduced in transmittance,

and tends to maks 1t easier to have clack.

The optical function layer 13 is not limited to a

multiple laver made of inorganic material. For example,

the coptical function layer 13 may be compossd of az thin

film made of high-polymer material, or a laminated film of

layers made of high-polymer material having scattered fine

particies cr the like. The optical function laver 13 is
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The thickness of the flat layer 12b is determined on the basis of the ratio in volume of the flat. layer
12b and the structured layer 12a (concave section 111). The first volume may be 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. In the latter case, the second volume is a whole volume of the flat layer 12b.
If the ultraviolet curable resin has a cure shrinkage ratio equal to or larger than 8% in volume, the ratio
of the flat layer'T2b tothe &tracturéd $5Y6F £ 25 may e Eqharto’ 6 i gef tfar 4595 fi Vlume. Further,
if the ultravioletccurable ¢esimhas @ eure:shrakage satigequal 10;0r Jarger.than13% 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 pOSSHIETE6UPPress detamiifat orf BENFEETHIE oplitsl RiTRERMEIaSeF13 and the
structured layer12awhen theulraviolgt cyrablesesin is.curedipy ultraviglet light., ., Atleast one of
the shaped layer 11 and the embedding resin layer 12 is high in transparency. As this transparency, it
is preferable thafat leastvite Ryfat Fdve itte folfowirg Fmgecih sharphiesscofa Tight-transmissive
image of an optical,comb. As one.preferable range, the difference in refraction. index between the
shaped layer 11 and the embedding resin layer 12 may be équal to'or smaller than 0.010. As another
preferable rangez the differefige inpéfractiohtindex betheerrthelshapéd ldyentt amd the embedding
resin layer 12 may be equal,to or smaller than QQ08. As f rt%ggL pg%t%r@ple%liﬂ%n;‘[geﬂ Jthe difference in
refraction index between the shaped layer 11 and the embedding resin layer 12 may be equal to or
smaller than 0.6058:1When lfar example,ithedifferérce irerefracticrv indeyebetweén the shaped layer 11
and the embedding resin layer 12is larger than 0,010, the transmission Image tends to have a lack in
sharpness. Whg)ﬁ %ﬁ%edi?fgfé“ﬁge} in ?éﬁ%ﬁgn%g& b“’€=,?fwt%a‘:énvtﬁéasfhatf):}eéJ faysta%aflf"éﬁd the embedding
resin layer 12 islarget than .0.008 and:wegualto=giesraaller than8,0k0dhetsansmission image does not
have trouble intertej]p_tcjewith gng'g daily like, and varies according to the situation at the time. When the
difference in refraction indeX betweetr the- shapat ayeF 11 B the efibedtfinGFe&in ayer 12 is larger
than 0.005, andbequakta er langet than:0.008; thewser-maydre eapseiotisaf-g diffraction pattern
produced in response to an extremely bright object such as light source, but can look out the window
in focus. When thé difference i réfractior fiidéx betieen the shdped iyer 171 HfAd thé embedding
resin layer 12 is:gqual t@ of snaallenthan-00H05, the useris:hardly epnseigus.of.the.diffraction pattern_
In the shaped layer 11 or the embedding resin layer 12, the supporting member provided on the side
of the window uni30 Grtheike: may friciude adiesive 553 maih“elétient Yiierefores members for
fitting the optical deydce with: the windewecan he reduced, Additignally..iL is preferable that the
difference in v. refraction index of the adhesive be within the above range in this configuration. If
both of the shap8d A&t 1 and theembedding Teskriayer 12 a@@ehigh mhptical transparency, it is
preferable that those:layers.be rade of the same materials which are high in optical transparency in the

range of visible
The optical function layer 13 may have one or mors

functional layers composed mostly of chromic material which
reversibly changes in refliective performance, sitructure and
the like in response to extearnal stimulation such as hsat,

light, end invading molecule. The optical function laver

—~

13 may be 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 layver 13
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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. Here, the term "optical transparency" has two aspects. One means that light
is passed without being absorbed, while the other means that light is passed without being scattered.
In general, the term 'optical transparency” tends to mean the former.. However, it is preferable that the
term "optical transparency" have, both meaninxgs in this invention. When the optical device 1 according
to the embodiment of the préSentinveRtich i lised as  difdctidifd TafIBERISH itis péfarable to reflect
specif light in a:specificidirectiomand te:havepassed therethreggh lightetherdhan specific light, and
preferable that light passed through the optical device | be substantially passed through the
transmissive objett o Whithahe optical device Te aftichRa dfthbu B&ihg Scattered, for user looking at

the transmitteddight Howeven one supperting member may bedpiendeg to have-light scattering
property depending on its intended use. When the shaped layer Il and the emberesin Is 12 are

made of resin, e thatoriition that e Fesindayer (SRap&d t88ittIayerFformed before the optical
function laver issformed, and the resin layer(ambegding.resin layen. fasmed after the optical function
layer is formed, it is preferable that the resin layer (shaped resin layer) and the resin layer (embedding
resin layer) be #éR%anhté ¥ réfaetiofdngexas aash bthers Hovwevensiitern both ¥esin layers are made
of the same organic.resin, and the.optical fupctian layer is made.of nerganic resin, and additive agent

is added to the shaped resin layer to enhance adhesion of thé optical function layer to the resin
layers, it is diffiebk1eHeparate the Shapedteshrddyerfrorithie iafd todlef Ni-Peakea time when the
shape is ransferegl, Yhen.the.ontical Jungtion ayer:is fprined b ihe. sputiering,method, high-energy
particles adhere to the optical function layer, and there'is hardly problem with the adhesion between
the shaped resirelayeriagnd diye loptitatfrrction tayes. Theeefore, 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 embedgzl%g? r%grnmlay“:rrlfp hoecﬁ'fﬁgjé%ggégﬁgarésiﬁn %ayrgsr and the %ﬁa‘ﬁléﬁ%r}ésin layer are
substantially differentstt-a yargesextent fromteach otherdnaefraction index, it is difficult to look out the
window through the fg_gggd optical device 1. When the amounts of the additive agent% is reduced to a
specific value eqtial'to or simalier thai 19% by tass, the optital tévice 1 ¢ah®ve improved in
transparency sharpress without:changing the refractiondndex. fdtismnegessaryderadd the large
amount of additive agent, it is preferable to adjust the combination ratio of the shaped resin layer to

ensure that the &iibeddiflg r8sitfiayer aind tfé Shaped redinJdyéraret Stbstntialy the same in

refraction index,as©ach ethef.«h Fram:the peintof view efindustdal- design-ef-the-pptical device 1,
window material and the like, it is understood that the shaped layer 11 and/or the embedding resin
layer 12 may h&ve char&gteri&icierahsorb fght in"SFadfic Wwivelerigitinithe Aitge 8fvisible light. As

V0, for the purpose of changing fTransitlon temperature or
transition curve. As a laminated structure, a layer made
mostly of the thermochromic material such as V0; may
intervene between two antireflection lavers each of which
is made mostly of Til;, ITO, or other material having high
refraction index.

On the other hand, =a pﬁotonic iattice 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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material having characteristic such as this, the shaped layer 11 or the embedding resin layer 12 may
be made mo 1y of material (such as resin) provided with organic or inorganic colorant. Specifically, it
is preferable that inorganic colorant be used as material having high resistance to climate conditions,
specifically inorganic colorant such as zircon gray (Co and Ni-doped ZrSiO4), praseodymium yellow
(Pr-doped ZrOiO4),me-titan-yellow (Cr and Sb-doped Ti02, or Cr and W-doped Ti02), chrome green
(Cr202, and the like), peacock ((C Zn%o AlCn202),victoria green. ((Al 02)..iron blue
(COO.AI202-P|JOSZ)%?ﬁﬁgdf%rﬁi}z#bo%eg u%g (\7f%§pied"\2l&rgséipé§ ,ggﬁrobr%(g-t"i:ﬁ %)i%k%)éerdogped CaO, Sn02,
Si02), manganese:pitike fVn=dopedrAl292) rsalmen piak: {Eevdope 260 104) vand ©ther, organic
colorant such as azo-series coltgirant, and phthalocyanine-serjes colorant, [First and second base
members]  AS&dwn A FigT1, the Taminated body 10 inciuditg the Shaped layer 11, the
embedding- resitclayet k2, andhe optical fusetion layer-l dintervends: betweéen thefirgt and second
base members 21 and 22.  Each of the first and second base members 21 and 22 is made of
transmissive nidtéRar sticA 55 fiatetyl CelluloSETAT): Dol &ster (TEES), Polyethyliene terephthalate
(PET), polyimide (Rhs felyamide fRA}-aramidpelyethylene (PE), polyacrylate, polyether sulfone,
polysulfone, polypropylene (PP), diacetyl cellulose, polyvinyl chloride, acrylate resin (PMMA),
polycarbonate (PC), epexyF88in, UrBa e plyurdtivarie fesin™ &Rt farminé resin. However, the
transmissive material of.the-first:and second hase:maphbers: voitage in various

properties such as reflection rate and color. For example,
the slecirochromic material can reversibly change in
strugture in response te voltage. More specifically, a
reflecfion—type light control material having reflection
characteristic which changes with, for example, doped

proton or undoped proton can be used as
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naterial which can be conitrolled in optical property in

=

-

response to external stimulus to selectively assume states

¥

including 2 transmissive state, & mirror state, and/or an

intermediate state. For example, alloy material consists

ot

primarily of alloy material such as magnesium and nickel
alloy, magnesium and titanium zlloy, and material in which
WO. and acicular crystal having selective reflsctivity are
contained in microcapsule may be used as electrochronmic
material.

Ls a specific cenfiguration of the optical function
imyer, for example, the above-mentioned alloy laver, a
catalytic laver including Pd and the like, a thin buffer
layer of Al and the like, an electrolyte layer of Taz0s and

the like, an ion storags layer such as WO; and proton, and
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21 and 22 is not limited to those materials. The first and second base members 21 and 22 have
functions as a protective layer configured to protect the 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 ab%orpgg l%¥1 ;g% j%rgirg:%tgg ?lg;gqué éLOlaFuerthglr the, gpgiga!:gegicgnl can_be reduced in light
loss by reflectién, aRd improved in transmittances, due fo te fat that the first and seconid base
members 21, aité:22rare=aade et matetial istbstartialhathe, samerirefractiorsindex as the shaped
layer 11 and the eprthjnglrgsian layer 12. E%rtherljt isj_easey to g}(odl%%e the ggggeg layer 11 and the
embedding resify fayer 12 fromiitravidiet resin 1ayer, due’to thie fact that materiala high transmittance
in the range of witravialet lightana The firstbasermember=2kis formed asrailavearer the flat surface lib
opposite to the structures ha of the shaped layer 11. The second base member 22 is formed as a layer
on the flat surfa@e 120°6¢ i effifeddifig resit Idyet £2° ORThE GREF hafdTtis fily necessary to
provide either the first base: meraker24 or:the secend basednenmber; 22 as.a layer. [Explanation about
Optical device functioning as Directional Reflector]

electrolyte laver is doped of undopad in the alley laver

when voltage 1s appiled betwsen the transmissive conductive

and a counter elsctrode. Accordingly, the Transmittance of

the alloy layer changes. In orxder to improve the

selectivity in wavelength, it is preferabls that the

laminating laver be provided with the electrochromic

materlal and high refraction index meterial such as T1i0;

and ITC. As anoth

i

r ceonfiguration, tTransmissive conductive
layer, light transmissive layer in which microcapsules are
scattered, and transmissive elsctrodes may be stacked in
layers on the shaped layer. In this configuration, the
cptical device assumes a transmissive state 1n which the
acicular crystal contained in microcapsules is oriented in
the same direction when voltage is applied to two
ransmissive electrodes, and assumes a wavelength selective
reflection state in which the acicular crystal contained in
microcapsules iz scattered in direction at random without
being oriented in the same direction when voltage is not
applied toltwo Transmissive slectrodas.

[Embedding resin layer]

The embedding resin layer 1Z is made of, for sxample,

transmissive ultraviolet curable resin., The structures 1la



Fig. 13 is a perspective view showing the relationship between incident light entering the optical device
1 and light reflected by the optical device I. The optical device 1 has an entrance surface el that is flat
and on which the light is incident. The optical device 1 is configured to reflect light LI of a specific
wavelength band in a direction other than a regular reflection direction (-6), p+180 degrees), and
configured to have passed therethrough light 1,2 of a wavelength band other than the specific
wavelength band, as part of light L incident on the entrance surface Si at an angle (e, p). The optical
device 1 has traisparentyiightsther thafi the Shedic ight: If 1§ preterableRat the term
"transparency” beusethbased on shaspaess of transmissive manping of optical comb which will be
defined hereinafter. Here, the character "9" is indicative of an angle between a line 11 vertical to the
entrance surface 51 aritf th& fight £ inCiefertt o fie-ehtrance siittdce 3116r lighttdeflected from the
entrance surface; The,sharactey "¢’ isqindicative. of an.angle_petwegn.a specific line 12 on the entrance
surface Si and a projected component of the incident light L or the reflected light L1 to the entrance
surface SI. Her@ hePspedifit lie 12%n H#id ehtraiice stiffacec@sespondsto an axis in which, when
the optical devige J.is.rotated with.respect 10 the line-11.verfical fo;the.entrance surface Si, light
reflected at an angle "p" has maximum intensity. If there are two or more axes (directions) of
maximum inten8ityéneé ithefaxes iseletiod assa tinez12. Additibhallyzaarangle "6" of .clockwise
rotation with respect to.line, Hgv%@igﬂt,o the, egitlrﬁgnf&%qrface is shown by "+9", while an angle "0" of
counterclockwise rotation with'respect to line 11 vertical to the entrance surface is shown by "-0". An
angle "p" of clockwiserotation‘with respectito: herlihe 1248 shown biya+ptigwhile arn-angle "p" of

counterclockwise rotation with respect to the line 12 is shown by "-8". Here, light of a specific
wavelength band to bé’ reflected in & Spedific direction and Tight to BE p%%%gﬁ%ro%ﬁﬁo tfie optical

device 1 vary dependirg onithetivterdaduse-okthe/optieal deviee -1 f=ar-exampla,swhen the optical
device 1is appli%q to the vyindggv unit 30,.it is preferable that light of a specific wavelength band to be
reflected in a Specific direction may Be neatiinfrarsd Iiyht, (gﬁ’d‘%ﬁé fight t6 be’ passed through the
optical device Ipmay=hee :-ibte:=light; Mere specifieallyrit derakledightof a spesifis: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™T & stpre&s the 't5f Foom tenipérature FéStingHomlighieérgy passing
through the windew fros dae st undetrthe congdition thatthe,optical device gonfigured to reflect
near-infrared light is attached to the window glass. Therefore, the optical device 1 can reduce load of
air conditioner &fd Achievé Bergy SaVing& Her& - Sifdctiohal "fefeitionte

indicate a moleculs having a moclecular weight of 500 to
600C. hAs “photopolymerization initiator”, for axample,
benzophencns derivative, acatophencne derivative,
anthraquiﬁone derivative and the like may be used as a
siﬁgle agent or in combination.

Fig. & is a cross-sectional view schematically showing
a configuration of a main part of the embedding resin layer
12, The embedding resin layer 12 has a structured layer
1Za (first layer) which the concave secticns 111 of the
optical functicon laver 13 are filled with, the structured
layer lZas having a triangular shape in cross-section, and &

flat layer 12b {second layer) formed on the structured
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refers to reflection in a specific direction other than the direction of a regular reflection, and intensity
which is sufficiently large in comparison with the intensity of non-directional reflection. Here, regarding
reflection of light, it is preferable that reflectance in a specific wavelength band, for example, the range
of near-infrared light be equal to or larger than 30%. As another preferable value, reflectance is equal
to or larger than 50%. As further preferable value, reflectance is equal to or larger than 80%.
Regarding tran$gn_i%§ion20f Iigj;]%, it isLQ[efgr‘@QIe that trﬁﬂansmittm,ancerin' a specific wavelength band, for
example, the range of visible light be equal to or fafger tidn 3695 “AEHhothef préfetable value,
transmittance is eguadte ordargerthan50%. As further preferable values transmittance is equal to or
larger than 70%.. It is preferable that the direction 90 of specific light reflected by the optical device
| attached to thé Winddw urit 36'B& Byt 66 Iﬁ%ﬁﬁe-@oidéﬁfegﬁaaﬁoseaﬁaﬁo 5F smaller than
90 degrees, beeauseadperspecifidightdarming part-aflight 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 diretfidfilis st/aifble fEarther Hids preferabiy that Epecific AGHTSBE réfleétedl at an angle
close to an angle,of {9d-eee, it is-preferahle:that deviation from,an angle (9,,).be equal to or smaller
than 5 degrees. As another preferable value, deviation from an angle (9, p) may be equal to or smaller
than 3 degrees™®% furtheipreterdbleliditie - Hevidtiorrfrontan ‘angie 10, py nvaybecéqual to or smaller
than 2 degrees,, \Whenthe optical deyice 1 is aftaghed 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 buildingg simifaein height td“dadie otiierfand tiammed sidwbysside, to effectively return
the light to the sk ayer,neaby huldings o realizg such diregfional reflection. i i3 preferable to use.
for example, part of spherical surface or hyperboloid, three-si eagpyramld*, four-sided pyramid, circular
cone, or other three dimensicnaksteuctire. Whendight issimcideritzatan ahgle of{8epp(-90 degrees <p<
90 degnees), Ii%mtc}::%g} 39:9 Erae;fl%g;edba,tmag easnrqule ofTQQO elgl éoﬁde%ees -090< 90 degrees, -90 degrees
<co< 90 degrees), of It is preferablé to use cylinder R ifig'in one direction” When light is
curable resin is subjected fo and cured with ultraviclet

Light, the ulfraviole: curahlse resin shrinks on the basgis
of an inherent shrinkage factor depending on compesition,
contained material, and the like of the resin. When the
shrinkage stress is not reduced appropriately, the
shrinkage stress is focused on the interfacse hetween the
optical function layer and adjacent layer by heat load or
the like zo which the resin is subijected. The shrinkage
stress tends to cause delamination on this interfacse and
temporarily reduces transmittance of the optical device.
Specifically, the adhesion of the resin to a metal layer or
a dielectric layer 1s relatively low. Therefore, the

delamination of the resin to the optical function laver

(4]

tends to occur. In this embodiment, the optical d

vice 1

is configured to have the flat lavyver 12b. Therefore, it is

+3
[

possible to suppress delamination of the structured laver

24



incident at an angle of (0, p) (-90 degrees <e 90 degrees), light can be reflected at an angle of (90,(0
degrees <190< 90 degrees) based on the inclined angle of the cylinder. it is preferable that a
directional reflection of light of a specific wavelength to light incident on the entrance surface 91 at an
incident angle (9, gD) be close to a recursive reflection neighborhood direction or an angle (0, p).
When the optical device 1 is attached to the window unit 30, the optical device | can reflect, to the sky,
light of a specific wavelength to the §k¥z as part of light from the sky. Here, it is preferable that
deviation from ah®ari§le" (&, pPbe Eudi 1B orsialidr tan 8 digreeS AT Snéthet preferable value,
deviation from an.angle:(8:9)-may be.egHal ta-or. smalles thap3.degrees. As further preferable value,
deviation from an angle (6, p) may be equal to or smaller than 2 degrees. When the optical device | is

attached to the windoWnit:36 i 1fé rahge!'st thode arigies, thecopicatdevivencarraffectively reflect
light in a specifi.wavelength:band tothe sky, aspart.otlight from the sky. When, for example, infrared
light transmitter and receiver are closely arranged as in infrared light sensor, infrared image device,
and the like, it is5%6céssarythat tie YecGisive Pefctich aelfhbsrhond directiorristhecsdme as
direction of incident light..In the present.inventjon, it is.niot necessagy 1o, sense light in.a specific light. It
is not necessary that the recursive reflection néighborhood direction is the same as direction of
incident light. ©f [tistpreféralsie that acsitarphess ofsafightstransniissivedarage ef am optical comb of
0.5 mm, measured. from,light ed through the optical device, be equal to qr, larger than 50. As
another preferib%gevgll%, tghge %ﬁggﬁné'gs of tﬁ"é% l"laﬁti;-)tr‘é{rﬁasrr}nié'soiv”!lérimvaﬁ(}elzl Of the Optical comb of 0.5 mm
be equal to or largerktirars 607 Asfurtiertpreferablé Xalue, thetsharpnesswfdbe light-transmissive
image of the optical comb of 0.5 ram be equal to or !Egarglaggthan 75. On the oaher hand, when the
sharpness of the light-transmissivé image of the optical Comb. of O:5 faf 1§+ oMe)

the structured layer 12a to the volume (first volume) of

the structured laver 12z is equal to or larger than 5%.
When, on the other hand, the ratic is smaller than 5%, the

q o

val stress of the structured layver 12z may be

{D
oy
=
jo
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impossible to be suppressed by the flat laver 12k, and the
delamination between the structured laver 12a and the
optical funcilon layer 13 may not be controlled over a long
period of time.

The thickness of the flat laver 1Zb is determined con

t=

»

the basis o©

b

the ratio in volume of the flat laver 12b and
the structured layer 12z (concave section 111y, The first
volume may bs defined by sach volume éf the concave
sections 111 or whole wolume of the concave sections 111.
In the former case, the sscond velume is a volume of each
unit (correspending to each forming arez of concave
sections 111} of the flat laver 12b. In the latter case,
the second volume is a whole volume of the flat laver 12b.

If the uitraviolet curable resin has a zure shrinkage

2
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sMaller than 50, the light-transmissive image tends to be defocused. When the sharpness of the
light-transmissive image of the optical com30 of 0.5 mm is equal to or larger than 50, and smaller than
60, there is no problem with one's daily 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 larger than 60, and smaller than 75, the user may be conscious of a diffraction pattern produced
in response to an extremely bright object sgcr%gs Iigerlt source, but can look out the %Nindow in focus.
When the sharphes? SR igit-(FandmisSive ifahe 6f the SptcAIfcombof 0 5 Mnt s equal to or larger
than 75, the usetds hardly. egascious ofthe-diffsaction pattern.crurther it isspreferakle: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 inn, and 2.6 AT beEqT to6Margér tan 936" As ahdtherpreférabié¥alue, the sum may be
equal to or larger:than;271Q.rAs.anather preferable-valug; tbessumypay-be egual £,0x larger than 350.
When the SUM Is smaller than 230, the light-transmissive image tends to be defocused. When, on the
other hand, thé-Sufitis-&¢d&Fto-6fTargef than 236*8Rd sridllérthan 570, tHeré-i&€ ho problem with one's
daily life even though the sharpness.depends.on external brighiness. When:the.sum is equal to or
larger than 270 and smaller than 350, the user may be conscious of a diffraction pattern produced in
response to anéxtémdly diright bbject’suckias lighessarees but tantiobk Butthe wihdow in focus.
When the sum is gqual fo or lager.than 350, the uset, ishagdly conscious of the diffraction pattern.
Here, the sharpness of the light-transmissive image of theical comb is measured on the basis of the
Japanese industrial'Stangfards K74 051y $CM-AT (Produted Byl SagaiTestinstimhents Co., Ltd.).
When light to bge@a[l%s%% through the optical device 1 9&,‘#-‘{.5 in wavelength from the light source D65, it
is preferable that the sharpness be measured after being corrected by a filter corresponding to light to
be passed through thecopticaltdeviee df Itisspreferablelthathazé valde Dezequaktdlorgmaller than 6%
in the Wavelen%tgsr_@ngeaha\lgi trggs%r%nclxz \S, gggtgeﬁr prﬁef\fferapklse range, haze value may be equal
to or smaller thah 49%. &S furthér preferable range; haze value may bé équal to or smaller than 2%.
When haze valtiezsdatgerithan 6%, thepusetfeels thatrthe ssy seems torlze cloudy, reselting from the
fact that the transmitted light is scattered. Here, haze value ha,s:l:g%e;rl measured by HM-150 (produced
by MURAKAMI'COLOR RESEARCHLABORATORY CO?, [td?) 6n the basis of the measuring method
defined by the Japanese |adustiial Standards K6 3G Mheadighiiode pagseddheough the optical
device 1 differs in wavelength froﬁmftheﬁljﬁght source 065, it is preferable that haze value be measured
after being corrected BYF& filteP cofrespondifig 16 Waht 16 beSsas<et tivotigfthe*8ptical device 1.

and the embedding resin layser 12 may be sgual to or smaller

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

refraction index between tThe 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

smbedding resin layer 12 may be equal tc or smaller than

0.005. When, for exampls, the difference in refraction

index between the shaped layer 11 and the embedding resin

layesr 12 is larger than 0.010, the transmission image tends

to have & lack in sharpness. When the difference in

refraction index between the shaped layer 11 and the
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Further, the entrance place Si of the optical device preferably both the entrance place Si and the
output surface S2 have flatness necessary to prevent the sharpness of the light transmissive image of
the optical comb from being deteriorated: Specifically, it is preferable that an arithmetic average Re of
roughness be equal to or smaller than .08 pm, As another preferable value, the arithmetic average Ra
of roughness may be equal to or smaller than 0.06 um. As further preferable value, the arithmetic
average Ra of g%%%ﬁg?%% may bE ¢ ualﬁto,i or S(Snaﬂllgrr éD%n 82? %mgégditzi_l%all%, “tt]etaobove arithmetic
average Re of roughness is catculated throtigh steps of meastiring roughitiess of the €ntrance surface,
obtaining roughnesmeurve fromiwo-dimensionat crossrsection ClirveandLaleuatingsoughness
parameter from the roughness curve. Measurement condition is based on the Japanese Industrial

Standards 30601°98061. Theefedsdtentent in&itinteffdnd the fieaduiniént&sndition are as follows:
Measurement devises Atomatic-Mierofiguwe Measuring Iastiument. SREQORDER 504000A

(produced by Kosaka Laboratory Ltd.) Measurement condition: Re = 0.8 ram estimation length: 4 mm
difference in refracticn index between the shaped layer 11
and the embedding resin layer 12 is larger than 0.005, and
egual to or larger than (.008, the user may be conscicus of
2 diffraction pattern produced in response tLo an extremély
bright cbiect such as light source, but can loock out the
window in focus. When the difference in refraction index
betwean the shaped layer 11 and the embedding resin laver
‘12 is egual to or smaller than 0.005, the user is hardly
conscious of the diffraction paitern. In the shaped laver

11 or the embedding resin layer 12, the supporting member

=7 o b el

i

provicded omn the side of the window unit 30 or the like may
inglude adhesive g3 & main element. Therefore, members for
fitting the optical device with the window can be reduced.
Aocditionally, if is preferable that the difference in
refraction index of the adhesive be within the above rangs
in this configuration.

If both 2f the shaped laver 11 and the esmbedding resin

—

layer 12 are high in optical transparency, 1t is preferable
that those lavers be made of the same materials which are
high in optical transparency in the range of wvisible light.
The shaped laver 11 and the embedding resin layver 12 made
cf the =ame material are similar in refraction index to
#ach other. Therefore, the optical device can be ilmproved

in optical transparency in the range of wvisible light.

2
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cutoff: x5 data sampling interval 0.5um It is preferable 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 | have sickly pastel color such 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 065, 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 seld&five r&fiEctionTay&F35fd SutpGERamT H7e outsdt Stiffaée=Ebé 0.20"ex< 0.35, and
0.20 <y< 0,40. As:anotherpreferable $apges 0:2% sxr@:82: ang0 A5y 5 37, As further preferable
range, 0.30 <x< 0.32, and 0.30 <y< 0.35. In terms of producing favorable color without being slightly
reddish in color-itisPretérdbiéthat §3F x10.92° AsSaR6thet Dréférabié vafiédy > x. When the color of
light reflected from the aptical:devigg L depends qn the direction-of.the inident light, it is not preferable
that the change in color of the optical device applied to, for example, the window of a building is
caused dependiig®h &°Idtation-6FtHeWidow B asdifectiont in-whicts &5persbn oks at the window
while walking. In.Qrder tg GQ%LEQICIQE %@%%%%é@&f?&ﬁofh@%o%%%| device 1, it is preferable that light
enters the entrance surface 31 or the output surface 32 at an angle '9" equal to or larger than O
degrees, and eguafts of smallbrtham 60caegrees, theabsolutecvaluéiofthecdiffierence of chromatic
coordinate "x" and the absolute \%Igeng:fetg g;ifflelr%%!e .locf) p(}h{gmuastgacdcoa(s)grdeiznate "y" of light regularly
reflected by the optical layer 2 and the wave ength selective reflectionTayer 3 be equal to or smaller
than 0.05 in each privicipak surfaCecof the opticakdeviegsl; s anothersfreferablpasaldecequal to or
smaller than 0.03, as further preferable value, equal tg or smaller than 0.01, It is preferable that the
limitation of the numerical ran&é about the chromatic coordiRates 3?185}"‘9 of the reflected light be
satisfied in eachof therentrance sgiface:84and the ettputrsurface 2. [Heat Reflecting Window]

ot

preferable that light passed through the optical device
be substantially passed through the transmissive obiect o

-

which the cptical davice is attached, without being

wn

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.
When the shaped layer 11 and the smbedding resin laver
12 are made of resin, under the condiiion that the iesin
layer (shaped resin layer) formed before the optical
function layer is formed, and the resin laver (embedding
resin laver) formed after the optical function laver is
formed, it is preferable that the reein layer {shaped resin
layer; and the resin layer (empedding resin layer) be the

same in refraction index as e

it

ch other. However, when bhoth
resin layers are made of the same organic resin, and the
optical function layer is made of inorganic resin, and

additive agent i1s added to the shaped resin layer to
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In this embodiment, the optical device 1 is connected to the Window unit 30 so that the embedding
resin layer 12 is 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 is connected to the window unit 30
through the connection layer 23. An. interface Si between the connection layer 23 of the second base
member 22 is flat, and formed as an input surface of light passed through the window unit 30. On the
other hand, theas%rface 52 of the first _bq_se member 21 in contact yvjth air is formed as an output
surface of light PASSeFtHidUGRtHR Spticara&Vice F The Rgat réfledtirig Wifd&WeL66 fwihdow material)
according to this:gmhodimentds ¢ompesed ofthe-optical device inthe gonnection dayer 23, the window
unit 30, and the like. ~ The_connection layer 23 is formed of transmissive adhesive or
pressure-sensitiv&adHEsive  and ¥6rmed Of matéfiafthe &5me i retrictivifitieksas the second base
member 22 or/andthesyindow upit 30c The.gpticahdevice- can bajmproved inlight lgss by reflection
at the interface and in transmittance. In general, the window unit 30 is formed of various
architectural orVehiE&Iar Glass MmaSHEIE. HOWEVE: 87 Wikddh - Grit 30a8iasd5e Fradé of
molycarbonate plate, acrylic plate, of Marious, tesin material. EQ?&’YJP%WM@HQ@QV be composed of
not only single-layered but also multilayered glass such as double glass. Fig. 6 is a schematic view
for explaining af"Spéfaifch BF the ptical Hevice aiaminatedbédy €0)z Thetdptical devide 1 is
configured to reflect infrared light Lihich-forms part.of sunlight transraitted through.a light entrance
surface 51, and to have passed therethrough visible light 12 which forms part of sunrright transmitted
through the lightrerrance SurfagesSandasatput fram e dight outputssarface 2: Fhe optical device 1
thus constructed,can improve fhe visibility of the yiew from the window while suppressing the rise in
temperature inside of the room or car. ~* In the 6’pti“6af%e¥nce“1 according to the present embodiment,
the optical functiondaveed3:=igdormeceon:thésstructures«ta, and recussivetysreflects infrared light (heat
ray) Ll in a dire(itéon ij';‘l%@d-;‘?ﬁé Iigpt. Tgegefoge, the optical device 1 can suppress the rise in
temperature near the window tnit 36 &% Coer%bréréa 16 thé Case Wherd thé incident light is regularly
reflected on thedselectivetrefleciiondayerextent from sach other in refraction

indes, it is difficult to look out the window through the
fegged optical device 1. When the amcunts of the additive
agent is reduced to a specific value egual to or smallsr
than 1% by mass, the optical device 1 can be improved in
transparency sharpness without changing the refraction
index., If it is necessary te add the large amount of
additive agent, it is preferable to adiust the combination
ratic of the shaped resin layer io sensure that the
embedding resin layer and the shaped resin laver are
substantially the same in refraction index as sach other.
From the point of view of industrial design of the
optical device 1, window material and the like, it is
undearstood that the shaped layer 11 and/or the embedding

resin layver 12 may have characteristic to absorb light in

i1y

specific wavelength in the range of wvisible light. As
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In the optical device 1 according to the present embodiment, the embedding resin layer 12 functions
as a layer configured to protect the structures ha and the optical function layer 13. Therefore, the
embedding resin layer 12 can protect the structures ha and the optical function layer 13 from
defacement and 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 of the cubic volume (second cubic volume) of the flat
layer 12b forming part of the embedding resin layer 12 to the cubic volumecubic volume) of the
structured Iaye}ii‘%ﬁ%rfﬁhiﬁa‘ﬁé}? of thé Embedding rédifi iaydr 12 bconiés BiERfH or larger than 5%.
Therefore, it is possibletoeffectivelyabsorathedesidual siressotthe resimiouned asithe embedding
resin layer 12 cured by ultraviolet light. The optical device f can be improved in durability, and prevent
the transmittante &Ftheropticalftevicd®l fiot beirg detefsrated by déiinatidbn between the optical
function layer 13,andthestedcturad dayes iManufacturing Methad for Optical devicg] ~ Hereinafter, a
manufacturing method for the optical device 1 according to the present embodiment will be described.
Figs. 7 and 8 até SERBMALIEDIOEESS charfeor expldinfify steps efthesmarfifacturing method for the
optical device 1..5: Asshown in Fig..7A, %éb@psgslay%%;&ihﬁve'@% ugtures.lia is -firstly formed.
As an example of a method of forming the shaped layer 11, a mold tool having a patterned indented
surface correspondifigntd thecstraétures cha i§ producedaThel toritavedcarvér shape of the mold tool
Ultraviolet curable, tesin. s then. transcribed transterred from to pltraviolet curable resin the
concave-convex snape of the mold tool. The base member Z1 functions as a support to separate the
mold tool from the uftravistetdctrad € résin transferred Withithredoficave-cormvaxishape. The shaped

layer 11 is formed from ultraviolet curagle tesin through this pracess., nicr .o, ,
victoria green {((BRLi, Crl:0:), iron blue {Col-Al.03-8il:),
vanadium-zircon blus (V-doped Z2r31i0,), chrome-tin pink (Cr-
foped Cal, 5n0,, 510;), manganess pilnk (Mn-doped Al05),

salmon pink (Fe-doped Zr3iCs), and other, organic colorant

4]

such as arzco~series colorant, and phthalocyanine-series
colorant.
iFiret and second hase members]

Az shown in Flg. 1, the laminated body 10 including
the shaped layer 11, the smbedding resin laver 12, and the
optical function layer 13 Intervenes between the first and
second base members 21 and 2Z.

Each of the first and second base members 21 and 22 is
made of transmissive material such as triacetyl cellulose
(TAC), polvester (TPEL), pclyethyiene terephthalate (PRT),

polyimide (PI), polyamide (PA}, aramid, polyethylene (PE),
polyacrylate, polyether sulfone, polysulfone, polypropyiens

(PP, diacetyl cellulose, polyvinyl chloride, acrylate

regin (PMMA), polycarbonate {PC), epoxy resin, ures resin,
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As shown in Fig. 73, the optical function layer 13 is then formed on the structures ha of the shaped
layer 11. The optical function layer 13 is an optical multilayer film configured to reflect infrared light,
and to have visible light passed therethrough. The optical function layer 13 is formed by a dry process
such as suuttertng method and vacuum deposition method. However, the optical 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. 70, a specific quantity of paste of uncured ultraviolet resin 12R is fed on the optical
function layer F3 fofiiéd s the’ SFalurBE ha* AS Thdthvr mrRy: SRCEREFThe S&%ond base member 22
is stacked on the sasin: 12Ra layess; the resin A2R: s fercad toshe distribsted fhraughout the entire
area of the structures lie of the shaped layer 11. In this process, the structures ha and the optical
function layer 3 afé@nibeddedin the Uliradiotét Clirtie FESIRTEZR SHere, it is necessary to adjust a
pressing force to change the.distance sL-between theg shaped layer.11 andithe. second base member
22 to a specific value.  The distance "T" between the shaped layer 11 and the second base member
22 corresponds ¥ e tRitkhess dTtheTratiafer $ 2B see FiguBy sahd thisidisicesistadjusted so that
the ratio of the cubic,volume (second cubic volume).of thesesin, 1gR.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%2tds possilsiertdceffectively suppress delamninatioreohthesnptical function layer 13,
resulting from residual siress of the structurediayer 122 ipdhe.area ol fhe.concave section 111 of the
shapedr 12, in the process of curing the resin 12R.  As sahown in :cig. FE, the resin 12R is then
subjected to, andouredinrultravioletlight Irorm¢kherultravioletlamp o throughstiwecsecend base
member 22. The embedding resin layer 12 is formed through this pracess. .9s shown in Fig. 9C, the
optical device 1 according to the present embodiment is produced through-this process. The optical
device 1 is not specHigadlydimitedtdn thickaess, Whistzarbitrarilyrdetesmined dased=on specification or

application within, for examplerange fr 50 pm to 300 am.
PP m01sture'yg absgrbe%nky éﬁe gaminated pody 10. TFurther,

-

the optical device 1 can be reduced in light loss by

a

reflection, and improved in transmittance, due to the Fact
that the first and seccond base members 21 and 22 are made
of material substantially the same in refraction index as
the shaped layver 11 and the embedding resin layer 1Z.
Further, it is easy to produce the shaped layver 11 and the

erbedding resin layer 12 from ultraviclet resin layer, dus

to the fact tha® material has a high transmittance in the

range of uwltraviolet light.
The first base member 21 1s formed as a laver on the
flat surface 11b opposite to the structures 1ia of the

shaped layer X11. The second base mamber 22 is formed as a
layer on the flat surface 12b of the embedding resin laver
12, On the cother hand, it is only nacessary to provids
either the first bazse member 21 or the secohd_base member

22 zs3 a layer.



Fig. 9 is a schematic view showing a co struction of an example lufacturing apparatus for the optical
device 1. The manufacturing apparatus 50 shown in Fig. 9 has a first feeding roller 51 configured to
feed a sheet-like first base member 21F, a second feeding roller 52 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. 7B, the first base member 21T is configured to
support the shaped layer 11 with the optical function layer 13. The second base member 223
corresponds to the&*sEC61d Base membel 22°sh St i Fig “8R ™ THE Afanifacturing apparatus 50
further has a first faminatiag reller 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 is made of  The
ultraviolet curable resin®23 is appfied 6 TREOpttal TaRetich RierA 3 foiniéd o fhiePfirst base member
21 through an gpplication nozale, 61; The-fitst casememher.2Lk and the,second base member 22F
are led by the guide rollers 56 and 57 into a dap between the laminating rollers 54 and 55 to produce a
laminated film 13 8o-thzt thadifravivlet earalslé Fesih $274¢ sandwiched kétveen the first base member
21F and the segond hase member 22k, Lhe ultraviplet resin layer,12k {q the lamipated film 13 is
subjected to, and cured in response to ultraviolet light from the ultraviolet lamp 40. The winding roller
53 is configuredté @oritirrucusiyp wihd therdeiiced Rmirratéd $itrh 13 vTke laminated film 13
corresponds todhe hielt s opical deyice 1shawn 1 80...; Tfe MANfagturing apparatus 50
thus constructed can continuously produce the optical device 1F, and enhance the productivity of the
optical device k3:by using therfirst pase Member21F and dhe secontllbase nember 22F. This optical
device IF is cut gut.on he basis of dimensions of the propuct, ..  The manfaeuring apparatus 50 is
not limited by thé configuration ‘shown in Fig. 9. Fof example, the
passed therethrough light L; of a wavelength band other

than the specific wavelength band, as part of light L
incident on the entrance surface S1 at an angle (&, 9).

The optical devige 1 has transparency in 1ight other than
the specific light. It is preferabls that the term
“transparency” be used based on sharpness of transmissive
mapping of optical comb which will be defined hersinafter.
Here, the character “8” 1s indicative of an angle bastween a
line 1; vertical to the entrance surface 51 and the light L

incildent on the entrance surface 81 or light L. reflacted

s

A

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

b

cf an angle between a specific line 1, on the entrance

surface 51 and a projected component of the incident light

1

L or the reflected light Ly to the entrance surface §1.
Here, the specific line l: on the entrance surface
corrssponds te an axis in which, when the optical device 1

is rotated with respect to the line 1; vertical to the

entrance surface $1, light reflected at an angle “¢” has

3%



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. BA, the
laminating rollers 54 and. 55 produce a laminated film IF from ultraviolet curable resin 12R through a
gap "T" between the first base member 21F (optical function layer 13) and the second base member
22F (22) placed in face-to-face relationship with each other. The gap "T" between the first base
member 21F afid’th8"Ebcdiid Base membel 22F°can be 4djusted Bhith& Hasis of viscosity of the
ultraviolet curable: resin 2R, tensien of eachi of thesfirst anshseegnd hasemembers 21F and 225,
pressure applied to the second laminating roller 55 by the first laminating roller 54, and the like.

Fig. 10 is a plafi%i6W T explaining anéxarfipfe of & hethod 8 adfiisting the §ap "T". In this example
shown in Fig. 10, dhe.gap. "TFoissmaintained to fopnthedaminated film i in-a space-1:" between the
first laminating roller 54 and the second laminating roller 55. The space "5" is formed under the
condition that fRfHge:8Rapea-<Facersss 48 Fofmed atBoth &hds df the FRgtaminating roller 54 are
brought into coptactawith the second laminating, roller 55, The. space 'S, ke {he.gap-can be adjusted
by elastic deformation of the spacers 54s and pressure applied to the second laminatin roller 55 by the
first laminating ¥6lléF54 e[Pratieal Exahiples) s sMureiRafter; practital exanmplés dfthe optical device
according to the-embodiment of the present invention will now he deserined. However, the present
invention is not limited to the following examples.  Optical device samples different from each otner
in type of ultravidtet curablecresin ofthe embeddimypredintayerck?iam volure of thetfat layer 12C of
th(_a embedding_lrgglijneIéacyecrolzl__k@g@ipgeq Pr:%i“g%gwl?rl? thep@te_r temporal change of transmittance._
Prior to producing optical device samples, a mold tool 80 shown in Fig. 11 has been produced of Ni-P,
and has a structure stefaee 8Qaformédavithcontavewsectibnssatranged successively. Each of the
concave sections is a prism.in shape, isosceles triangle in shape in cross;section, 50 pm in thickness
(pitch of the concave séé%ioﬁs), an Gx2‘5lf5m”in éepﬁ}.ll“h‘e a‘pex‘a’r?gie oﬁh@“pr‘rl' Sm>shiaped concave
sections is 90 degreesr(arigie necessaryite effectively-enhapee disrdirectional reflestioagproperty). The
samples of tne optical.device 11 are classified into three groups respectively made of the following(
ultraviolet curableresins ‘A", F8™ did “E" in fundaniéntal €6rposition'The Shritikage ratio of the
resins "A", "B", @ane 4" are 3% p8%.ed to the window unit 30, it is preferables

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 refliected in a
specific direction may be mainly nesar-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
Llight 1s attached to the window glass. Therefore, the
optical device 1 can reduce load of air conditionsr and

achileve energy savings. Here, the “directional reflection”
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and 13% in volume, respectively. <Fundamental composition of the resin "A"> Urethang Acrylate
("ARONIX" produced by Toagcsei 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 "B"> Urethane Acrylate ("ARONIX" produced by Toagcsei Co., Ltd.): 82 weight

percent, Cross-linking Agent ("12325" produced by Tokyo Chemical Industry Co., Ltd.): 15 weight
percent, and PRStopolymerzation initator KT SRESACUR E 484 ety NipBohayaku Co.,
Ltd.): 3 weight petcent: skupdamental Gemposition of ResindClnrensity which is

sufficiently large in comparison with the intensity of non-
directional reflection. Here, regarding reflection of
iight, it is preferable that reflsctance in a specific
wavelength band, for example, the range of near-infrared

light be egqual to or larger than 30%. As another

e

referable value, reflectance is sgual to or larger than

5
e
ae
o
i

further preferable value, reflectance is egual to

joba

or larger than 80%. Regarding transmission of light, i% is

i)

preferable that transmittance in a specific wavelength band,

£

for example, the range of visible light be egual to or
larger than 30%. As anothser preferable value,

urTher

Fiy

transmittance is egusl To or larger than 50%. is
preferable value, transmittance is equal to or larger than

70

o
B

It is preferable that the direction ¢l of szpecific
light reflected by the optical device 1 attached to the
window unit 30 be egual to or larger than -20 degrees, and
egual to or smaller than 90 degrees, because the specific
light forming part of light from the zky can be reflsctsed
to the sky. If there is no high-rise bullding in the

neighbcorhood, the optical device 1 confligured to reflsct

gpecific light in this direction is available. Further, It

[

s preferable that specific light be reflected at an angle
clese to an angle of (8, =~@). Here, it iz preferable that
deviation from an angle (&, ¢) be equal to or smaller than

5 degrees. As ancther preferable wvalue, deviation from an
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Urethane Acrylate ("TARONIX" 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"ﬁpro_ducp¢% by Toyobo Co,, Ltd.) was formed on the resin{B" aEFIied to,the structure
surface 80a. THé T&Sin' "B" then gugféuc?ed 0, and ‘Clire %ﬁ/ UffﬁfVio e?‘ﬁa ﬁ15r(')ughsthe PET film.
The laminated tayerefrthe eesinaBl'sand the PEE filmyiwas thenseparated fronsthe:mold tool BO. The
resin layer (shape layer 11 (Fig. 7A)) having a structure surface provided with the arranged
prism-shaped &8RcaVe §8tfion 111 (FRY 2) Was préluced tHrotigh thid]stocess.  Then, alternating
layers of a layesgnadeiofzincexide:and atlayesmade of silverwere ther farmedren the prism-shaped
structure surface as the optical function layer. Here, the algrernatin(T:]ilayers of a zinc oxide layer of 35
nm in thicknes$Fa siiver Bijer6f 11 TitA i thickne¥s 4 Zifid bxide fayEt of Bo Pt Sh'thickness, and a
layer of 11 nm inthickness, and zinc.oxide ayer of 35:nit inthickness, wese-produced by the
sputtering method.  After the resin "B" was applied to the optical function layer, a PET film
("COSMO SHINE A4300" prefiubed By Toytbd EBL UGN Nas fBimad orf the #in "B, This resin "B"
was then subjected tQ.and cured by yltravigletdight thraugh the BEA. film ., Lhe embedding resin layer
12 (Fig. 8C) was formed through this process. he optical device samples produced through the
above process Were éatdutontthe Fasisoftherdiniénsions b sawiple by hfigrotdme at normal
temperature. Thep; crasssectipnal images of those samples.yere then taken by an industrial
microscope (produced by Olympus Corporation, OLS3000). Here, object lens magnification is 50 or
100. The opticat:tevice samplesowerethen raeasurad: rethickiessrvcloid, three-

sided pyramid, four-sided pyramid, circular cone, or other
three dimensional structure. Whsn light is incident at an

v D R o a [T o EEE S S ——
;o ©) (=80 degrees <g< 90 degress), Lignt can be

(43
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reflected at an angle of {83, oy (0 degrees <6< 90 degrees,
-80 cegrees <gp< 90 degrees), or it 1ls preferable to use
cylinder extending in one direction. When light is
incident at an angle cf (9, 9) (-90 degrees << 90 degrees),
light can be reflected at an angle of (8p, -9 {0 degress
<Hp< 20 degress) based on the inclined angle cf the
cylinder.

It 1z preferable that a directicnal reflection of
light of a specific wavelength to light incident on the
entrance surface S1 at an incident angle (&, o) be close to
a recursive reflecticn neighborhood directicon or an angle
(68, ©)}. When the optical device 1 is attached to the

window unit 30, the optical device 1 can reflect, to ths

Fh

sky, ilght of & specific wavelesngth to the sky, as part o
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"T" (see Fig. 8R) of an area corresponding to the flat layer 12b (see Fig. 5) from those cross-sectional
images by an image processer (produced by MILANI CORPORATION). In each sample, the ratio in
volume of the flat layer to the corresponding concave section ‘(hereinafter simply referred to as
"volume ratio") was calculated from the measured thickness "T", and the results revealed that the
volume ratio of each sample is 15%. Additionally, the volume ratio is adjustable to any value by the
pressure for the jq@in%tion of the above PET film,_  Each sample of the optical device was then
measured in transiittancain the farge OFVigmlé Tight (Raddferth®. 5885 i ordét to evaluate the
change in transmaitiance ef gach sample rafter-a high-temperature andhigh-humidjtetest was carried
out through 1500 hours in a constant temperature and humidity unit (temperature: 60 degrees Celsius,
and relative huridity* 6086y Sach EaAmIE of 18 Dpticaiwas héadddy agart it ansfittance in the
range of visiblegdight:waxelength: 350 sm)hy | V=210 aroduced-by JASGO Comoration. (Example 2)
sample of the optical device having a flat layer having a volume ratio of 26% was produced in a
manner t same’a$ thatefthe' éxafmplea e eRange ofthe drsnsmittance ofthisizample was then
measured undesa spegific, condition.the same;ag that ef.the gxample 1 befare and after a
high-temperature and high-humidity test. (Example 3) A sample of the optical device having a fiat
layer having a $6itié ratié f BO%ES produted ihrimanterthélsametds thatrofehefexample 1. The
change of the tiansmitiange of this.sample-was fhen measuted under 3 specific condition the same as
that of the example | before and after a high-temperature and high-humidity test. (Example 4) A
sample of the optit! device having adflatdagerhavingravolumetiatioséf1086% wastprotuced in a
manner the same as t f the example. 1(. The change of the transmittance of this sample was then
measured undg]r“g?‘ éba:qe%t?g] c%?ﬂiﬁ%%ng}hjs%é%ﬁ*é a%%ﬁa%)ﬁﬁe‘ example T %‘éfc?r’“eggﬁd after a
high-temperatute ardnhighehumidity ¢est. (ExampleB)ese 1y arranged as in

-

infrared lignt sensor, infrared image device, and the like,

it is necessary that the recursive reflection neighborhood

Q1lreCTlion 22 The same as directicn of incident light. In

wm

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

It is preferable that a sharpness of & light-
transmissive image of an coptical comb of 0.5 mm, measured
from light passed through the optical device, be egual o
or larger than 50. 2As another preferable value, the
sharpness of the light-transmissive image of the optical
comb of 0.5 mm be egual to or larger than §0. As further
preferable walue, the sharpness of the light-transmissive
image of the optical comb of 0.2 mm be egual to or largsr
than 75, On the other hand, whan the sharpness of the

light-transmissive image of the optical comb of 0.5 mm is

36



A sample of the optical device having a flat layer having a volume ratio of 205% 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 6) A sample of the optical device having a flat
layer having a volume ratio of 301% was produced in a. manner the same as that of the example I.
The change of the fransmittance of this sg_,mplg was then measured under a specific condition the
same as that of thie eXampia"L Beéfore &nd-after & hightemperaturBastd hgHhurmdiy test. (Example
7) A sample-etthesepticaldevice.baving g.flatdayer hawng;a yolumeatio-af;610% was produced
in a wanner the same as that of the example 1. The change of the transmittance of this sample was
then measured'did&r 8'spetifiCRontftior: & samé as ti&t 6P tHisiB%anisle r befdiesand after a

high-temperature and high-hunidity test. {Exanaple8):{n.place ofresinsimplg of the optical device
having a flat layer having a vojqrpe ratio of 5% was produced from the resin "A" in a manner the same
as that Of the &Xdmpl&id+ Thelciidnge ot thetraisrittarfdessFiis safwplentvas then measured under a

specific conditign the.same.as.that.of the example.l before and afer 4 highstemperature and

high-humidity (Example 9) In place of the resin "B", a sample of the optical device having a flat
layer having a VéRinge-+afie of 50%Awas prodeced-fiom! theoresin f00 b anmannes thie same as that of

the example I. The change of the transmittance.pf this sample was then measured under a specific
condition the same as that of the example 1 before and after a high-température 2h Righ-humidity

test. conscious of a diffraction pattern produced in response to

an extremely bright object such as light source, bu:t can
Lok out the window in focus. When the sharpness of ths
Light-transmissive image of the optical comb of 0.5 mm is
equal tc or larger than 75, the user i1s hardly conscious of
the diffracrion pattern. Further, it.ls 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 egual to or larger than 230. As ancther
preferable value, the swn may be equal to or larger than
270. Rs another preferable wvalue, the sum may be equal o
or larger than 350. Whern the sum is smaller than 230, the
light~transmissive image tends to be defocused. When, on

the other hand, the sum is egual to or larger than

]

30 andg
smaller than 270, there is no problem with one’s daily life
gver though the sharpness depends on external brightness.
Whnen the sum is egual to or largsr than 270 and smaller
than 330, the user mav be consclous of a diffraction

pattern produced in response to an extremely bright object

such as 1light scurce, but can loock out the window in foous.
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(Example 10) - In place of the resin "B", a sample of the optical device having a flat layer having a
volume ratio of 100% was produced from the resin "6" 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

11) In place of the resin "B", a sample of the optical device having a flat layer having a volume ratio
O H n n g
of 204% was pr%légeg f(?om the,resin "C" in a manner the same agsS%jattcp‘ethe examgle 1. The change

of the transmittance of this SAmple was then measured under a spécific condifish the same as that of
the example 1 befhieyandafteraihighctempetatifezand bigh-humidity test-(Example 12) - En place
of the resin "B", a samgle of the optical device having a flat layer having a volume ratio of 303% was
produced from T8 FBEIH"CE i A Thanher the SHME e that of ThE BxXamplet1 “FhéThange of the
transmittance ofdhis sample svas then measuted under arsperific copditionithe same as that of the

example 1 before and after a high- )
Standards K-7I05 by ICM-1T {(produced by Suga Test

Instruments Co., Ltd.). When light to be passad through
the optical device 1 differs in wavelength from the light
source D&>, 1t is preferable that the sharpness be msasured
after being corrected by a filter corresponding te light to
be passed through the optical devics 1.

It is preferable that haze value be esguzl to or
smaller than 6% in the wavelength range having transparency.
Az another preferable range, haze value may be sgual to or
smaldler cthan 4%. As Ifurthsy preferable range, haze valus
may be equal to or smaller than 2%. Whan haze value is
larger than €%, the user feels that the sky seems to be

cioudy, resulting from the fact that the transmitted light

W

H
e

scattered. Here, haze value has been measured by HM-150
(produced by MURAKAMI COLOR RESEARCH LABORATORY CO.

measuring method ds

on the basis of th

(B
h

ined by the

—

Japanese Industrial Standards K-7136. When light to be

passed through the optical device 1 differs in wavelength

93]

from the light source D&

¥
4o
v
8]
=
It
Hh
6]
o]
o
o
L
6]

> That haze value

be measured after being corrected by a filter corresponding

to light o be passed through the optical device

1
Aoy

urther, the entrance placs

rzf

1 o

w
Hh

the optical device 1, or
preferably both the entrance place 51 and the output

surface 82 have flatness necessary to prevent the sharpness

38



temperature and high-humidity test. (Example 13) In place ofresin "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 ofansmittanceof this sample was then measured under a
specific condition the same as that of the example 1 before and after a temperature and high-humidity
test. (Comparative example 1) A sample of the optical device having a flater having a volume ratio of
0% was produced jEn a manner the same as that of the exa gle 1. The.change of the transmittance of
. o) he im% t—*ra%fm@SSLve.;maue ?W < optical cqg hafe)eil

this sample was then measured Under a specific condition thé same as that of the example 1 before
and after a high-4emperature: and tigh-hgmidity testi (Comparativerexample 2) that an

arithmetic average Ra of roughnéss be esgual to or smaller

than 0.08 pm. As ancother preferable wvalue, the arithmetic

average Ra of roughness may bs equal to or smaller than

0.06 pym. As further preferable value, the arithmetic

average Ra of roughness may be egual to or smaller than

0.04 pm. Additionally, the above arithmetic average Ra of

roughness 1s calculiated 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 conditicn is based on the Japanese Industrial

Stancards BO&CL: 2003, The measurement instrument znd the
measurement condition are as fellows:

Measurement device:
Automatic Microfigure Measuring Instrument
SURFCORDER ET4000A (produced by Kosaka Laboratory

Ltd.)

Measurement condition:

data sampling interval 0. 5um
it is preferabie that light passed through the optical
device 1 have almost neutral in color, even though there is
such a thing as a colored cptical devices, light passed

through the optical device 1 hsve sickly pastel celor such



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 "Bn, a sample
or the optical having a flat layer having a volume ratio of 14% was produced from the resin "A" in a
manner the same as 5@at of thae eggamYpIe 1, The change of thg traq__smittance gf this salmple was then
measured undér a Specific tondition the &ane §87that of the eXdmpié 1"5&foraand aftet a
high-temperaturerane high<dwmiditytesty zakveachofdbe practieakexarmples:iteik3 and the
comparative examples 1 to 3, the ratio in volume, transmittance measured before and after test,
estimation on thé badis vfthe tHarige 0f FAnSFtARCe dre ColfstiRely Bhdnifin@ble 1. Each sample
is estimated onithgnbasis.eb-whether or not the-ehange of trapsmittance-is:ggual to or larger than 2%.
Here, in the estimation, the character "x" indicates that the relevant example is estimated as a failed
example, and thE CHaragtsr "0vindicates thatthe Téietant xampleds etiffited as a passed example.

Fig. 12 is a graph.showing the; relationship bebween thegatien volume:of the flat layer and the change
of the transmittance in the resins A to C. [Table 1]

the wavelength selective reflection layer 3, and output

frem the output surface 52 be 0.20 <x< 0.35, and 0.20 <y<

C¢.40. As another preferable rangs, (.25 <x< (.32, and 0.25

<y< 0.37. &s further preferable range, 0.30 <x< .32, and

0.30 <y< 0.35. In terms of producing favorable célor

without being slightly reddish in color, 1t is preferable

that y » 5-0.02. As another preferable valiue, v » x. When

the zelor of light reflected IZrom ths optical davice
depends on the direction of the incident light, 1t is not
pref@rablé that the change in color cf the optical device 1
applied to, for example, the window of a bullding iz caused
depending on & location of the window or a direction in
which a @erson iooks at the window while walking. In order
to contrel the change in color of the optical device 1, it
is preferablie that light enters the sntrance surface 31 or
the output surface 32 at an zngle “8” equal to or larger
than 0 degrees, and egual to or smaller than 60 degrees,
the zbsclute value of the difference of chromatic

.

coordinate “x” and the absclute value of the difference of

chromatic coordinate “v” of light regularly reflected by
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Change of transmittance (evaluation) x x 0 0

surface of the optical device 1, as another preferable
value, eqgual fo or smaller than 0.03, as further preferabls
value, egual to cor smaller than 0.01. It is preferable

at the limitation of the numerlical range about the

oy

T

hromatic coordinates “x” and “v” of the reflectsd light be

i

0

satisfled in each of the entrance surface 31 and the output
surface 32.
[Beat Reflecting Window]

In this embodiment, the optical device 1 is connected
to the window unit 30 so that the embedding resin layer 12
is located on the input side of light {(on the side of
ocutside}, and the shaped laver 11 is lccated on the output
gide of light. The seccnd base member 22 is connscied to

the window unit

connection lavesr 23.
interface S1 betwsen the connection laysr 23 of the second
pase member 2Z i1z flat, and formed as an input surface of
light passsad through the window unit 30. On the other hand,
the surface 82 of the first base member 21 in contact with

L

air is formed as an output surface of light passed through
the optical device 1. The heat reflecting window 100
{window material) according to this embodiment is composed

cf the optical device 1, the connecitlon laver 2

Lt

; the
window unit 30, and the like.

The connection laver 23 is formed of transmissive
adhesive or pressure-sensitive adnesive, and formed of
material the same in refraction index zas the sescond hase
member 22 or/and the window unit 3{. The optical device 1

can be improved in light loss by reflection at the
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interface and in transmittance.

In general, the window unit 30 is formed of wvariocus
architectural or vehicular gless materials, However, zhe
window unit 30 may be made of polycarbonate plate, acrvlic
plate, or various resin material, The”wiﬁdcw*unit 30 may
be composed of not only single-lavered but alsoc

multilayered glass such as double glass.

Fig. & is a schematic view for euplaining an operation

cof 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
gsurface 51, and to have passed therethrough visible light
L2 which forms part of sunlight transmitted through th

T4 L = ] . [ - . et - 1 . fo - - Tl - R oY
L1COT entrance surrace 4ooAalid Ca_;.} AT IROm & LighiT oulput

7y

surface 2. The optical device 1 thus constructsed can
improve the vwisibillity of the view F“om the window while

suppressing the rise in temperature inside of the room or

a:
In the optical device 1 according to the present
embodiment, the coptical function laver 12 is formed on the

structures llia, and recursively reflects infrared light
(heét ray) L1 in a direction of incident light. Therefors,
the cpticel device 1 can suppress the rise in temperature
near the window unit 30 as compared to the case where the
incident light is regularly reflscted on the selective
reflection layer.

In the optical device 1 according to the present

embodiment, the embedding resin layer 12 functions as &
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layer cenfigured to protect the structures 1la and the

optical function layer 13. Thersfore,

the embedding resin

layver 12 can protect the structures 1la and the optical

function layer 13 from defacement and damage, and the
cptical device 1 can be improved in durability. Further,

the thickneass of the flat layer 12b is adjusted so that the

ratico of the cubic veolume (second cubic volume) of the flat

layer 12b forming part of the embedding resin layer 12 to

volume {first cubic wolume) of the structured

layer 12a forming part of the embedding resin laver 12

becomes equal to or larger than 5%. The

s

sfore, it is

possible to sffectively absorb the residual streass of the

L]

2zin formed as the embedding resin laver 12 cured by

The optlcal dsvic noDe Lmprovea

B
bt

a3

and prevent the transmittance of the optical

daevice from being deteriorated by delamination bsiween

the optical function layer 13 and

[Manufacturing Method for Optical

Hereinafter, a manufacturing
device 1 according to the present
described. Figs. 7 and 8 are

o]

xplaining steps of the

Q

ptical device 1.

structures lla is firstly formed.
method of
psatternec

43

schematic process charts
mznuiacturing method for thse

the shaped layer 11

forming the shapsd layer 11, a

indented surface corresponding

the structured lavexr 1Za.

devicel
metnod the optical
empodimant will

for

L

“

naving
s an sexample of a
mold teol having z

Lo the structures
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1la is produced. The concave-convex shape of the meld tool
Ultraviolet curable resin is then transcribed transferred
from to ultraviolet curable resin the concave-convex shape
of the mold tocl. The base member 21 functiocns as a
suppert to separate the mold tocl from the ultraviclet
curable resin transferred with ths concave-convex shape.
The shaped layer 11 is formed from ultraviclet curable

regin threugh this process.

O
ct

As shown in Fig. 7B, the ical function layer 13 is

8
then formed on the structures lla of the shaped layer 11.
The coptical function layer 13 1s an optical multiiayer film
configured to refiect infrared light, and to have visible

1

sed therethrough. The optical function layer 1

[
"
12
5
ot
e}
o
0

iz formed by a dry progess such as sputtering method and
vacuum deposition method. However, the optical function
laver 13 may be formed by & wet procsss such as dip method,
die voating method, and spray coating method.

Ag shown in fig. 7C, a

n
e
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th
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e
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o
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iy

uncured ul

raviclet resin 12ZR 1s fed on the optical
function laver 13 formed on the structurss lla. As shown
in FTig. 8A, after the second base member 22 is stacked on
the resin 12R in lavers, the resin 12R is forced to bz
distributed throughout the entire area of the structures
lla of the shaped layer 11. In this process, ihe
structures lla and the optical function layer i3 are
embedded in the ultraviclet curable resin 1ZR. Here, it is

necessary to adiust a pres

in
4
)
S

force to change the distance

W £
€

between the shaped layver 11 and the second base menbser
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22 tc a specific value.

The distance 77 between thse shaped laver 11

and the

second base member 27 corresponds to the thickness of the

flat laver 1Zb (see [ig. 5), and this distance 1ls adjusted

s¢ that the ratioc of the cubic volume (second cubic volume)

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

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

o

layer 1Za beccomes egual tc or larger than 5%. It is

possible to effectively suppress delamination of

the

optical function laver 13, resulting from residual stress

of the structured layer lZz in the area of the concavs

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

curing the resin 12R.

Ag snown in Fig. BB, Tng resin 12F Ls then

o, and cured by ultraviolet light from the uwltraviclet

lamp 40 through the second base member ZZ. The embedding

resin layer 1Z is formed through this process.

Zs shown in

Fig. 8C, the optical device 1 according to the pressant

empodiment is produced through this process., Th

e optical

device 1 is not specifically limited in thickness, which is

arbitrarily determined based on specification or

application within, for example, a range from 50

i

Fig. ¢ 1s a schematic view showing & constr

an example of the manufacturing epparatus for the optical

device 1. The manufacturing apparatus 50 shown

has 2 first feeding roller 51 configured to feed

in Fig.

like first bpase member 21F, a second feeding rollex 52
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configured to feed a sheet-like second base membesr 22F, an
application nozzle 61 configured to discharge ultraviolet
curable resin 12R, and an ultraviclet lamp 40. As shown in
Fig. 7B, the first base member 2Z1F is configured to support
the shaped laver 11 with the optical function layer 13.

The sescond base member Z22ZF corresponds tTo the second base
member Z2 shown in Flg. 8A. The manufacturing apparatus 50
further has a first laminating roller %4, a second

laminating roller 55, and a winding rollser 53. The first
g g

h

laminating roller 54 is made of rubber, while the second

laminating rolier 5% 1s made o©f

th
=
B
(%3
i
;,.

The ultraviolet curable resin 12R is applied to the
opticel function layer 13 formed cn the Ifirst base member
21 through an application nozzls 61, The first pass member
21F and the second base member Z2ZF are led by the guide
rollers 56 and 57 into a gap between the laminating rollers
54 and 55 to produce a laminated fiilm 1F s¢ that the
ultraviclet curable resin 12 is sandwiched between the

F and the second base member 22F. The

b3

first base member 2
ultraviolet resin layver 12R in the laminated fiim 1F is
subjected to, and cured in response to ultraviolet light
from the uvliraviolet lamp 40. The winding roller 53 is
configured to continucusly wind the produced laminated film
1F. The laminated film 1F corresponds to the belt-like
optical device 1 shown in Fig. 8C.

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

productivity of fhe optical device 1F by using the first
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base member 21F and the second base member Z2ZF. This
optical device 1F is cuf out on ithe basis of dimensions of
the product.

The manufacturing apparatus 50 is not limited by the
configuration shown in Fig. 9. For example, the
vltraviclet lamp 40 may be located on the side of the
second base member Z2ZF to output uliraviolet light. The
fizst base member Z1F may be fed from the second feeding

roller 52, and the second base member 22F may be fed from

i

the first feeding zoller 52.
As explained with reference to Fig. 82, the laminating
rallers 54 and 55 produce a laminated film 1F from

ultraviolet curable resin 1lZR through a gap “7” between the

e}

e - - -
+

first base member Z1IF (optical function laver L3; ang the
second base member Z2F {22 placed in fage-to-face

relationship with each other. The gap “T" betwesn the

I

first kase member 21F and the sscond base member 227 can be

s

adjusted on the basis of viscosity of the ultraviclet

Py

[

curable resin 1ZR, Tensicn of sach of the first and second
base members Z1F and 2ZF, pressure appllied to the sescond
laminating roller 55 by the first laminating roller %4, and
the like.

Fig: ié ié a plan view for explaining an example of &

method of adijusting the gap “I. In this sexample shown in

il

¥

Fig. 106, the gap "7 is mesintained to form the laminated
in a space “8” between the Ffirst laminating roller

54 and the second laminating roll

0]

r 55. The spaces “§” is

formed under the condition that flange-shaped spacers 54s

47
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formed at both ends of the first laminating roller 54 are
brought into contact with the second laminating roller 53,
The space “8”, i.e., the gap can be adjusted by elastic

deformation of the spacers b4s and pressure applisd to the

second laminating roller 55 by the

[=h

rgt laminating roller

Py

54, [Practicel Ixamples]

Hereinafter, practical examples of the optical device
according to the embodiment of the present invention wi
now he described. However, the present inventicn is not
limited to the following examples.

Optical device samples different from each other in
type of ultravicolet curable resin oI the embedding resin
layer 12 and volume of the flat layer 1Zb of the embedding
resin laver 12 nave bheen produced, and then tested in
temporal change of transmittance.

Prior to producing optical device samples, 2 mold ftocl
80 shown in Fig. 1l has besn produced of Ni-P, and has a
structure surface 80z formed with concave sections arrangsed
successively. Each of the concave sectiong is a prism in

shape, isosceles triangle in shapes in cross-section, &0 pm

+
+
~

in thickness (pitch of the concave sections), and 25 pm in
depth. The apex angle o the prism~shaped concave sesctions
is 20 degrees {angle nescessaryv to effectively enhance itis
directional reflection property). The samples of the
optical device 11 are classified into three groups
respactively made of the Ifollowing ultravioclet curablie
resins “AY, “BY, and “C” in fundamental composition. The

shrinkage ratic of the resins “AY, “B”, and “C" are 3

o@

.

P

icN
4]
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and 13% in volume, respectively.

<fundamental composition of the resin “a”>

Urethane Acrylate (“ARONIX” produced by Toagosel Co., Ltd.
{Registered Trademark of Toageszel Co., Ltd.)): 97 weight

percent, and

o

Photopolymerization Initiator (“IRGARCURE 184" produced by
Nipporn Kavaku Co., Litd. {(Registered Trademark of Ciba
dolding Inc., Switzerland)): 3 wsight percent.
<Fundamental Compeosition of Resim “BY>

Urethane Acrylate {(“ARONIX” produced by Toagcesei Co.,

Ltd.): 82 weight percent,

Cross-linking Agent {("T23253" produced by Tokye Chemical

Nippon Kayaku Co., Ltd.): 3 weight percent,

<Fundamental Composition of Resin “C7>

Urethane Acrylate [(“ARONIX” produced by Tcagosei Co.,
Ltd.;: 48.5 walght percent,

Cress-linking Agent (“TZ3Z57 produced by Tokys Chemical
Industry Co., Ltd.}: 48.5 welght percent, and
Photopolymerization Initistor (“IRGACURE 1847 produced by
Nippon Rayaku Co., Ltd.j: 3 weight percent.

{Example 1)

The resin “BY was applilied to the structure surfazce 80a
of the mold tocl 80, & 75 um-thin film of polyethylene
terephthalate (hereinsfter simply referrsd to as “PET
£ilm”) (®COSMO SHINE 243007 produced by Tavobo Co., Ltd.)

was formed on the resin “B” applisd to the structure
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surface H0a.

The resin “B” was then sublected 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 molid tool B0, The resin laver {shape
layer 11 (Fig. 7A);) having 2 structure surface provided
with the arranged prism-shaped concave section 111 (Fig. Z]

was produced through this process.

Then,
and a layer mades of 3
shaped structure surt
Hers, the alternating
a silve
oxlide layer of 80 nm

I FEN 4 i o g ] - - e
[ R I’-’iS:;, and & Zind

were produced by the

After the resin
function layexz, a PET
Tovobo Co., Ltd.) was

ft-

the PET film.

The optical

Process were cut out

sample by a micretome at normal

industrial

OLs3000) Here,

The optical

alternating

then sublected to,

formed through

device samples produced

microscops
object

device samples wers then measured in thi

lavers of a layer made of zinc owxide

s

ilver were then formed on the prism-

ace as the optical function layer.

lavers of & zinc oxide layer of 35 nm

r layer of 11 nm in thickness, a zinc

in thickness, laver c¢f 11 nm in

By

rar in thickness

svar o

{‘)

ﬂ!

onid

sputtering method.

“BY was applied to ths optical

Film {(“COSMO SHINE A43007 producsd by

the resin “B”. This resin

formed on

and cured by ultraviclet light

——
faf

The embedding resin laver 12 ig.

this process.
through the above
dimensicns of

on the basis of the

temperature. Then, cross-

those samples were then taken by an

{produced by Clympus Corporation,

lens magnification is 50 oxr 100,
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7" {see Fig. B8R} of an area corresponding to the flat
layer 12b (see Flg. 9) from those cross-sectional imagesz by
an image processer (produced by MITANT CORPORATION) . In
ezch sample, the ratioc in volume of the flat layer to the
corresponding concave section (hereinafter simply referred
to as “wvolume ratio”) was calculated from the measured
thickness “77, and the results revealed that the volume
ratic of each sample is 15%. Additiconally, the volums
ratio is adiustable tc any value by the pressure for zhe
lamination of the ahove PET film.

Each sample of the coptical device was then measured in
transmittance in the range of visible light (wavelength:
550 mm) . In orxder to evaluate the change in transmittance
of each sample, after a high-temperature and haigh-humidiny
test was carried out through 1500 hours in a constant

temperature and humidity unit {temperazure: &0 degrees

1

{

Celsius, and relative bumidity: %0%), each sample o the
optical device was measured again in transmittancs in the
range cof visible light (wavelength: 550 nm) by “W-7100"7

produced by JASCO Corperation.

)

[a]

{(Example
A sample of the cptical device having a flat laver

o

having a volume ratio of 26% was produced in & manner the

-

that of the exampie 1 before
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and after sz high-temperature and high-humidity test.

(Ezample 3)
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A sample of the optical device having a flat laver
having a2 volume ratic of 50% was producsaed in a manner the
same s that of the example 1. The change of ths
transmittance ¢f this sample was then measured under a

specific condition the same as tThat of the example 1 before

th

and 2

ter a high-temperature and high-humidity test,
{Example 4} -

2 sample of the optical device having a flat layer
having a volume ratlic of 106% was produced in a manner the
gsame as that of the example 1. The change of the
transmittance of this sample was tThen measured under a
specific condition the same zs that of the exampls I before
and after a high-temperature and high-humidity test.
{Example I}

A sample of the optical device having a flat layer

g

having a velume ratic of Z03% was produced In a manner the

h

o

ct

same as tha

jail

the example 1. The change oI the

2 g e

transmittance of thls sample was then measured under a
specific condition the same as that of the exampie 1 befors
and afier a high-temperaturse and nigh-humidity test.
(Exampls &) |

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

transmittance of this sample was Then measured under a

and after a high-temperature and high-humidity test.

(Example 7)
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A szmple of the coptical device having a flat laver
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 zample was then measured under a
specific condition the sams as that of the example 1 before
and after a high-temperature and high-humidity test.
{(Example 8)

In place of zhe resin "B”, a sdmple of the optical

device having a flat layer having a volume ratio of §

ad ~

N

Was
produced from the resin “AY 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 28 that of the example 1 before and after a high-

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

4l

devlice having a flat laver having a volume ratio of 350% was

oY

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 exampls 1 before and after a high-

temperature and high-humidity test.
{Example 10)

In place of the resin “BY, a sampls of the optical
device having a flat layer 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 transmitiance of

this szample was then measured under a speci:

i

&2
[



the same as that of the example 1 before and after a high-
temperature and high-humidity test.
{Example 11)

In place of the resin “B”, a sample of the optical
device having & flat layer having a voliume ratioc of 204%
was preoduced freom the regin “C7 in a manner the same as
that of the example 1. The changs of the transmittance of
this sample was then measursed under z specific condition
the same as that of the example 1 before and after a high-

temperature and high-humidity test.

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

device having a flat layer having a volume ratic of 303%

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-
vemperature and high-humidity test.

{Example 13)

In place of th

it

resin “BY, a sample of the opntical

device having a fla

t

layer having a volume ratic of 812%
wag produced from the resin “C” in 2 manner th

that of the example 1. The change cf thes transmittancs of

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

{Comparative example 1)

A sample of the optical device having a

h
’_!
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t
For
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b
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&en
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'‘Comparative example 1 [Comparative example 2 !Practical example 1 'Practical example 2 IPractical
example 31 (Practical example 4

having a volume ratio of 0% was produced in a manner ths
same as that of the example 1. The change of the
transmittance of this Sample was then messured under a
specific condition the same as that of the example 1 befors
and after a high-temperature and high~humidity test.
{Comparative example 2)

A sample 0f the opticeal 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 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)

T s - _— 4 ) - - ATy Y . - - [T S e -
LI plpace ol Tng rasain D, & Sampie 0 The opllicad

Ti

%
0
oo

device having a f£lat layer having & volume ratio of

3_. 3
W
e

was
preduced from the resin “AY in a manner the same as that of
the example L. The change ¢f 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
ceomparative examples 1 fto 3, the ratio in volume,

transmittance measured be

h

ore and after test, estimation on
the basis of the change of transmittance are collectively
shown in table 1. Each sample is estimated on the bhasis of
whether or not the change of tramsmittance is egual to or

larger than 2%. Here, in the estimation, the characher “x~

indicates that the relevant example is estimated as a

55



Practical example 5 Practical example 61 !Practical example 71 Comparative example 31 - [Practical
example 81 Practical example 91 [Practical example 101 Practical example 11 Practical example 12

failed example, and the chzracter “o” indicates that the
relevant example is estimated as a passed example. Fig. 12
1s a graph showing the relationship between the ratio in
voiume of the fist laver and the change of the
transmittance in the resins A to C.

(Table 1]



Practical example 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 thanin transmittance under the condition that this sample further has a

, the optical device sample
ppressed to a value smaller

flat layer based on the ratio

vith the embedding resin layer
ransmittance under the

or more in volume. As will

carstructed can effectively

unction layer resulting from
While the present

the present invention

flat layer based d%tﬁ atip ot 59 brejin volume. )the;r hiand
provided with the g gres can be s
than 2% in transirgite Gl FiHe Basa
of 15% or more iffvgl JFurthe brovided
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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 ViSiBReTigHt, BRd e WARRIETGRSATEoT lighttd hE pAsEEF irbughthe optical device in
the range of visible-kight-mayThe-eptical devigeracaosding-to,the emhodimentof-thg:present invention
can function as a color filter. The flat layer having thickness corresponding to the above gap "T"
may be formed“Hfoa§h STaps of #Hikiy THFAVDREt e et 161 e emb&Bairt résidtayer 12 with
filler (spacer) with.appropriate pasticle size. ., Jddereinafer; modifiegd.examples of the -
above-mentioned embodiment will be described. <Modified example 1 For example, the optical
function layer may fihefion &8sa wavelengtiesefstlivedrefieeting layer cédnfigarsd Byreflect light in the
range of specific.wayelength band specific direction..as part;of light.incident on the entrance surface at
an incidence angle (e, p), and to have passed there through light other than the light in the specific
wavelength band. Théloptical functicis tayer mayfumctionasiagzefiéttinghayercenfigmed to reflect light
o Scattering SerranEIsaie Ry o hang Hanspasonay 1 Snou AR e asr ks outthe -
window throughy #iissdeviee LAs & reftection fayeratheraboweanetaldayer-maycbediseddt is preferable
that the average, thickness be 20.um. As another preferable value, the average thickness may be '
equal to or smal er“than]5“p“’m. RS further preféfaﬁle valte, the a\“/erageefh‘icﬁhes‘si may he equal to or
smaller than lumetWhen; oh%herother hand thewaveragenthicknessis-larget tham20 pm, strained
transmissive image. rends to be caused by lon ,Ig;hé path in which the transmissive light is refracted.
As a method of formifig areflection 1ayer, gﬁﬁt%érlr?g method: Vapordeosifion Fethod, dip coating
method, die coating method, and-the kke taayibe usedoe 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
15% or more in volume. Further, the optical device sample
provided with the embedding resin layer mads of the resin
“C7 can be suppressed to a2 valus smaller than 2% in
transmittfance under the condition that this sample further
has a flat layer based on the ratio of 50% or more in
volume., As will be seen Ifrom the above optical device
samples, the optical device thus constructed can
effectively suppress delamination batween ths embedding
resin lazyer and the cptical function layer resulting from
residual stress of the uvltraviolet curable resin, and is
improved in durability.

While the present ihvention has been described with

relation to the preferred embodiment, the present invention
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On the other hand, for example, the semi-transmissive layer consists of Single or multilayer of, for
example, the above-mentioned metal layer. As material of the metal layer, 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: 8.5 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) The
reflection layer of AgTi: 3.4 rim (Ag/Ti=98.5/1.5at%) is formed on the structured layer inthe optical
device according t5 e efibaaéhit b the PreSent MVERTIBA-T3) The Fefle&idh Pafer of AGNdOuU: 14.5
nm (Ag/Nd/Cu=22.0f0 440 Hat%)-is Jormeg:an the structueedrlayer inthe gptical device according to the
embodiment of the present invention. <Modified example 2> Fig. 14 is a cross-sectional view
showing one exampfe Bf the TonfigurafioR ot thé cpticat Hetie atediding1dthesmddified example 2.
The modified example2 bas & plurality.of optical tunctionJayers 13.2nclined with.tp.the  trance
surface of light, and formed between the structured layer and the embedding resin layer. The optical
function layers 13 &ré'&frafe etbincparaifet orististantially parallel to each other. In this example, as
shown in Fig. 14, botb the shaped layer 11, andthe.embedding tesin Jayer 12 have light transmissive
property, specific light Li passed through the shaped layer 11 is reflected by the optical function layer
13 in a specificidiredtion:; white Light 12 othef tsarr tide specHitllight i$ passeththroagh the optical
function layer re, the entr . e qof light may be defined on the side of the embedding
resin layer 12.]%#%% ?piic%?ﬁé%%ﬁ?ggﬁg? t%%&ghéﬁé%%lb?ef Jﬁ“é)rgfhg"éﬁ] “eé)diﬁaer%sin layer 12 may
have light transmissf/eproperty, Bndfunctionto reflectal function layer 13 is

not limited to that of the foregoing embodiment. Ffeor
example, the wavelength band of light to be reflected by
the optical device in the range of visible licht, and the

g

velength band of

o

w light to be passed through the optical

Il

[ N

vice

d

[gH]

The range ©I visible 1ight may be set The

optical device according to the embodiment of the present
invention can function as & color Ffilzer.

The flat layer having thickness corresponding to the
above gap “T” may be formed through steps of minming
nitraviolet resin layer for the embedding resin layer 172
with filler {spacer) with appropriate particle sizs.

Herzinafter, modified examples of the above-mentionad
embodiment will be described.
<Modified example i>

For example, the optical function layer may function
as a wavelength selective reflecting layer configured to
reflect light in the range of specific wavelength band in a
speciiic dirsction, as part of light incident on the

entrance surface at an incidence angls (&, @), and to have

5o



incident light Li in a specific direction, without having incident l4ght T2 passed therethrough.  Fig. 15
is a perspective view showing one example of the configuration of the optical device according to the
modified example. Each of the structures 11a is constituted by a convex section having the shape of
triangular prism. The structures 11a, each of which is a triangular-prism-shaped convex section
extending in one direction, are arrayed in another direction, and collectively form concave sections on
a surface of the shaged Ilgyerhll. The structure ha has a righ,t-angTIed triangular shape in cross-section
perpendicular e Exterdifg direttion thereof Tié optical flictiorPiayer 13 ormed on inclined
surfaces 31 acute angle sidesef the;strustwres liaran the basis efa direstiona) thindim forming method
such as vapor-deposition method and sputtering method.  In this modified example, the optical
function layers 15*are Qrrdniged fif pafalfel 18latioriship SHith BaERther *Rhe FtimbéFbf reflection times
in the optical function.layes 13 ean be reduced in eomparison with the; corper0fcubg-shaped or
prism-shaped structures ha. Therefore, the optical device 1 can enhance a reflection rate, and reduce
the absorption ®F lighf i tie dptical-fundtiorPlayet < Modifietekafiplé 8> A% shown in Fig. 16k, the
structuresmay bayea shape.asymmetrical to ayertical ling 11 pernendicular 1o the gntrance surface or
the output surface of the opticai device 1. In this case, the principal axis m of the structures lla is
inclined in an atrsRrdirettion A bf thié Struttares e with the ferival tinedkals reférence. Here, the

principal axis 1 of the, strugtures.lia-is. infended 1o ndicate aling which passes through. the peak
be used. It is preferable that the averags thickness be 20
um. As another preferable wvaliue, the average thickness may

be egual to or smalier than 5 um. As

=

urther preferable

value, the average thickness may be egual to or smaller

than lum. When, con the other hand, the average thickness
is larger than 20 um, strainsc transmissive image Tends to

pe caused by long light path in which the transmissive
light is refracted. As a method cof forming a reflecticn
layer, sputtering method, vapor-depcsition method, dip
coating method, die ccoating method, and the like may be
used.

On the other hand, for example, the semi-transmissive
iayer consists of single or multilayer of, for example, the
above-mentioned metal layer. As material of the metal

laver, materlial the same as that of the metal layer of the

o

above-mentioned laminated f£ilm. Specific examples of the
semi-transmissive laver are as follows:

1) Ths reflection laver of AgTi: 8.5 nm
{Rg/Ti=98.5/1.53at%) is formed on the structured layer in

the optical device according to the embodiment of the
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of the structures 11a, the center of the bottom line of the cross-section of the structures lla. When the
optical device 1 is attached to the window unit 30 located substantially perpendicular to the ground, an
shown ift Fig 16B, it is preferable that the principal axis im of the structures lla be inclined with respect
to the vertical line 11 toward the ground. In general, heat flows into the room through the window, and
the flow of heat reaches a peak in the early afternoon. In general, the height of the sun is larger than
45 degrees in the early afternoon. With the above-mehtioned shape, the optical device a. can
effectively reflef figfif' entéritiy at Yarge angles to the upward direction. As shown in Figs. 16A and 16B,
the prism shape of therstruetires dlads unsyspmaetrigakto. the vertical line 11, and the shape other than
prism may be unsymmetrical to the verticale 11. For example, the corner-of-cube shape may be
unsymmetrical t6#1e Vetical ing 3 %) Wher Bie Sutictires IR Favé s sRapé Gt torher of cube, and
the ridge R is large, itis:preferable that the structures ila, bednelingd,in, an upward direction, and in
terms of suppressing reflection from a lower direction structures ila be inclined in a downward
direction. comiPgEfF6iT thé $tiftincthe oblique direction with respect to the optical device hardly
reaches deep sgg;ion%gf gbefgggg%g_{egi%ejr The &@@p&qf 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 preféfablatidt-thelstéuétures tie be ifslineekincan upward:irectizndin order to suppress
the phenomeno ve, Inthe carner of cube, recursive. reflection is caused, by light reflected three
times on a refle%i%%gsﬁﬁaééfOozjmgé'amte%gﬁiﬁg , part of Tight réﬁe(ft}éa t?/\rl%J ﬁ?n“ﬁsef%’re??ected ina
direction other than reeuwrsive ieftectidrmrMost of the leaked light can be reflected to the sky direction by
corner of cube inelined.in.a direction of the ground. Further., this ma/ be inclined in-any direction on the
basis of the shape and atilization purpose. <Modified example 4> - Fig. 17 is a cross-sectional view
showing an example of the tonfigusation ©f the opticel Hevica.ascording tothe madied example 4 of
the present invention. In thi%,exampl,e, the optical device 1 according to the modified example further

has a self-cleanifig effectTaye? & Ravinig & Self-elRiny 8ffetfSn e Britrhite Suffack” Eor example,
the self-cleaningefiectdayes frbas photooatalystsuchas:Tidd: 1= Asdeseribed-above; the optical
device 1 is configured to partially reflect light in the specific wavelength band. When the optical device
| is used in the Opel¥air Glitsig’ ==+ +eyess Lo Inciinsd with respsct To the

entrance surface of light, and formed betwasen the
structured layer and the embedding resin laver. The
optical function layers 13 are arranged in paraliel or
substantially parallel to each othsr. In this example, as
shown in Fig. 14, both the shaped layer 11 and the
embedding resin layver 12 have light transmissive prcﬁ@rty,
specific light L1 passed through the shaped layer 11 is
reflected by the optical function laver 13 in a specific
direction, while Light LZ other than the specific ligh:t is
paased through the optilical function layer 13. Here, the
entrance surface of light may be defined on the side of the
embedaing resin layer 12. In this optical device 1, either
the shaped layer 11 or the embedding resin laver 12 may

have Llight transmissive property, and function to reflect
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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 | be excellent in water-repellent property and hydrophilic property, and exert a self
purification effect. In this modified example, the entrance surface of the optical device 1 is provided
with a water repellent function, a hydrophilic function, and the like, by reason that the self-cleaning
function layer 8- & fdtited biFthe L};ahﬁeasu??aecg“éffhéibﬁi%%’iﬁ@enl . Théretdie, "63ticdl device 1 can
prevent contamipatigaref the,eatrancesitace; eterigration, of partially-reflection property (for
example, directional reflection property), <Modified example 5> This modified example is different
from the above embddiffrentin-terimsFGiifesatt Hatthe"optical device 1 ig*catigured to reflect light of
a specific wavelengthhand in-a specific dirgction.;and te scatter ight otherthan thelight of the specific
wavelength band. The optical device 1 has a light scattering member configured to scatter incident
light. For examPfe:thestiglftseatteringtheisdr i providetF6RL &F ledlst, thie surface or inside of the
shaped layer or.the embedding resin layer, ar hetween the gptical fupgtion layer and the shaped layer

or
triangular prism. The structures 1la, each of which is a

triangular~prism-shapsd convex secticn extending in one
direction, arse arrayed in ancther direction, and
colleactively form concave ssctions on a surface of the
sha?ed layer 11, The structure lla has a rignt-anglad
triangular shape in cross-section perpendicular to the
extending direction therecf. The optical function laver 13

I3 rormed on LnTlinsed sur:

“HCcEes ol bthe srructures

)]

—4a N Tne

L&

acute angle sicde of the structures lla on the basis of a
directional thin £ilm forming method such as vapor-
deposition method and sputtering method.

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
laver 13 can bes reduced in comparison with the corner-of-

cube-shaped or prism-shaped str

s

ctures l1ia. Therefore, the

Ity
-]

optical device 1 can enhance a refliection rate, and rsduce
the absorption of light in the optical function laver 13.
<Modified sexample 3>

As shown in Fig. 164, the structures lla may have a

shape asymmetrical to a wvertical line 1. perpendicular to

the entrance surface or the cutput surface of the optical
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the embedding resin layer. 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. }he like, Ii%ht&sqatter'n .member existing

+ oy

ek

between the optical function Tayer 13 Shd the entrance surtace deteriotates the directional reflection
characteristic. WWhenr the ©pticad deyice: atisrattached:to therinnetisurface of theWwindew material, it is
preferable that light scattering member be provided between tlpe output surface oi the window material
and the optical%ﬁ%ﬁﬁﬁﬁ?e%@. VI GPESRSS H EfsstédStional VieW showing the first construction of
the optical deviggraccanding 1@ the modifietkexamples As showntin:fig. 184, the shaped layer 11 has
resin and fine particles 110. The fine particles 110 are different in refraction index from resin of the
primary componarit e tHe Shapeth Bt PL.TRE fife Sarteies £10 TA§ B cofipdset of, for example,
either or both ofgapic-and.inerganis particles, £usthers the fine-padisles:410:maydre epmposed of
hollow particles, and composed of inorganic particles made of silica, alumina or the like, or organic

particles made GTRIGreris acylies titir EopEIyRIEEDrithe ke Gptintily>fie fitk particles 110 are

made of silica. 4., Fig. IBB is a.¢rosssse¢tional view shawing;the;secend coastruction of the optical
device according to the - modified example. As shown in Fig. 18B, the optical device 1 further includes

a light diffusionsaly&E 7réri ahe Year Surfatestithe SKapde |/&t I TRE lighediffisioRidyer 7 has, for
example, resin and fine partigles-which may.be the same as, those,of;the first:cangtruction.  Fig. 180

is a cross-sectional view showing the third construction of the optical device according to the modified
example. As showmirt Fig.s180 athesopticalidevice I- furtierineiudes Aflight Hiffasion layer 7 intervening
between the opfical funcliopJayer. 13 and fe.shaned iayer 2. e lofit difssion Jayar 7 has, for
example, resin and finé particles whic may be the sdme as those of the first construction.  The
modified examplecaf theropticalievieercarvreftect light irf the rarige of infrarethightor specific light,
and scatter visible light and the like other than the specific light.. As.an industrial o,lesignJ the optical

. . DEFET SN The ear)y . al teXDoT. L1, %@meam:m, L.Lé“;‘: NeElgas oo [
device 1 is composed of smoked optical dévice. <Madified example 6>
sun is larger than 45 degrees in the early afternoon. With
the above-meritioned shape, the optical devigce 1 can
effectively reflect light entering at largs angies to the
upward directicn. As shown in Figs. 16A and 16B, the prism
shape of the structures 1lz is unsymmetrical to the
vertical line 1., and the shape cther than prism may be
unsymmetrical to the vertical line 1,. For example, the
corner~-of-cube shaps may be unsymmetrical to the vertical
line 14.

When the structures 1la have a shape of corner of cube,

and the ridgse R is large, it is preferable that ths
gstructurss ila be inclined in an upward directiocn, and in

terms of suppressing reflection from & lower direction, the

structures 1la be inclined in a downward direction. Light
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In the above embodiment, the embedding resin layer 12 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 Si consisting of a concavo-convex layer 12c. For example, it is preferable that the
concavo-convex shape of the entrancerface 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 surfaé&B1 e nifdertharstie cBntado PonvETsHaps of the fifst-Spi&itayer 4. Here, the
concave-and-ceavexdayer 126 coreaspend o &bd seciendlayesdprred-anthe strugtured layer (first
l:aye-2:1-12a having the Second-Volume, the. ratio of the second volume to the first volume of the

structured layef’d 2458 e qUial t6%rarget thahEY%. Eor Exanipler thé Strictirestand the optical function

layer are embegided-by the embedding.resindayer 12.consisting,gf the structured. layer.12a and the
concave-and-convex layer 12c made of the energy beam curable resin. <Modified example 7>

Figs. 20 to 22 are“Grds8-secticial VieWRTSHGWiRy frfodified examples ofithe"tFrcGafé of the optical

device according, {o-fhe embodiment of the presentjoveptian. . ..Jn.Qne made of this modified
example, as shown in 20A and 20B, for example, orthogonally-arranged columnar structures

(columnar objeet)ilciarsformeéd orrsraes hrincipalsutace of IR shapetiiayer 1. Mére specifically, the
first structures B%@,g@r@gg i, the. first direcfign pass.thraugh side sprfaces; of the second structures

11c arranged in the second direction perpendicular to the first direction, while the second
reflection is caused by light rsflected three times on a :

refiection surface. On the other hand, part of light
reflected two times 1s reflscted in a direction other than
recursive reflection. Most of the leaked light can be
reflected to the sky direction by corner of cube inclined

T

12

bl
e

£

in a dirsction of the ground. Furthser, T may be
inclined in any direction on the basis of the shape and
tilization purpose.

<Modified example 4>

Fig. 17 is a cress-sectlonal wview showing an example

of the configuration ¢f the optical device according fo the
modified example 4 of the present invention. In this
example, the optical device 1 according to the modified

example further has a seli-cleaning effect layer o having a

self-cleaning eifact on the entrance surface. For example,

9]

the self-cleaning effect layer © has photocatalyst such as
Ti0;.
As described above, the optical device 1 is configured

to partially reflect light in thes specific wavelength band.

Wnen the optical device I is used in the open alr ocutside
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structures 110 arranged in the second direction pass through side surfaces of the first structures 11c
arranged in the first direction. The columnar structure lic 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 lihe, on one
principal surface of the shaped layer 11 .to form oloseepacked array such as regular close-packed
array, delta close-packed array, and hexagonal close-packed array. Regarding regular closed-packed
array, as shown'in'Figs. :Zﬁt%y 210/ tHe Sstgrcfj?:fuer‘e"snl?c,ge‘ach‘g %vh%caﬁ“ﬁ@ags 623 ﬁuga:alré’naﬁlar-shaped (for
example squareksghaped)bettom shefacetarearrangeckinlthesfosm of-regular ctosed- packed structure.
Regarding hexagonal close-packed array, as shown in Figs, 22A to 220, the structures 11c, each of
which has a héXaorial-shapet bottbny i face are anaRgetin tha¥5rm of hexagonal close-sacked
structure.  lathedelowing,theidesacription yil be-made:ef applisatien examples: ef the present
invention. Although in the above-mentioned embodiments, the case where the optical device
according to, th& BRB6HH et '3 tHe fréderitindenfion 1§ appliettd fie"wirfdow Hiaterial or the like has

been described,gs;an exampley the optical device agcerding 1o theembadiment ofthe, present
invention may be applied to an interior member, an exterior member, or the like other than the window
material. As thé&bevel Afhtiched Rfefiets, tiere dre'EXethplified not Unly 2 f%édmember such as a

wall or a roof, byt alsga-member capable of changing an-application,ameyntef;the optical unit
depending on needs for change in season, time, or the like. There is exemplified a member capable of
adjusting transfiittafae of incident light to the optical unit, for example, a. window shade in such a
manner that the optical, unitis divided;into & plurality of elements, and.the-angle theregf is changed.
Further, there is exemplified a member capable of being wound or fold, to which the optical unit is
applied, for exarnples;zl rollirg ctrfain s aedititr thetd istexentplifiedg member with the optical unit
being fixed to a.frame, yhich sllows Ine-membsrto:bg remevah for gach,frame depending on needs,
for examole, a. paper door. As the imterior member or the exterior mem er, to “which the optical device
is applied, thereizae exemphfied aremterigr.fmenmbenor. ay extérios membet constituted of the optical
device itself, and an interior member or an exterior member constituied of a transparent base material
onto which the 8ptical’dévice is bonded. Whéi the interior member 6f the exterior member as
described aboverisiinstallegitcecinityaf aningdow inareaim, bt is:possibié o ¢efleet-orly infrared light
in a specific direction out of the room, and to take visible, light iPEE(‘)’ the room, for example. Thus, even in
a case where tfié Tntfior mémberdrthie exteridr themberis nstaifed: 1t is poSsible to reduce a need
for room lighting sburtbesxthese isdttlecdiffisel refiection propertyy.

<Modifled example 5>

This modified example is different from the above
ambodiment in terms of the fact that the optical 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

oF

optical device 1 has a light scattering member configured

Lo scatter incident light. For example, the light

i

0
@

> Or

.

scattering member is provided on, at least, the surfa

H

inside of the shaped laver or the embedding resin layer, or
between the opticel function layer and the shaped layer or
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reflection into the room through the interior member or the exterior member, and hence it is also
possible to suppress an increase of an ambient temperature. Further, it is also possible to apply
bonded members other than the transparent base material, depending on an object necessary for
controlling visibility, enhancing the strength, or the like. <Application example > In this application
example, the description will be made of a sun screening apparatus (window shade apparatus)
capable of adjusting a screening amount ofmthe incident light by a sun screening member group
constituted of a plurafitFof st scréefing KiembetaethrotighBHarifing4R& &igle ofthe sun screening
member groupaxtakig23 is arperspegtivendew:-shawing anexamele of.a canfigusation of a window
shade apparatus according to the application anmple. As shown in Fig. 23, a window shade
apparatus 201 SeWiRg as the suf Séredmind appdrafus’ietidesatiead box203a slat group (sun
screening member;group) 202 constituted of a plyrality ofslats(blades);202a,and a.battom rail 204.
The head box 203 is proyided above the slat group 202 constituted of the plurality of slats 202a. From
the head box 283, aa@ektcote 208 arid-adlift €8f¢ 205 extenddowrnatkdly. Thezbottom rail 204 is
suspended from loyer.ends of those cords, The slats 2023 serving.as the sun screening members
each have an elongated rectangular shape, for example, and are supported in predetermined intervals
through the ladéertoter 206 dovwrwakdly exterding from the hesad: 1ox 208z Furtlver, the head box
208 s providedyylih.an pRerglion.epns. (19l SN sah,as.2 tael fgh.adiugting the angle of the slat
group 202 constituted of the plurality of slats 202a. ©~ The head box 203 serves as a driving means for
rotationally driving the statigriotp 202:cohstitated-ofithe phuralitylofsiats: 202akia resporrse to operation
of the operation means such as the od, to thereby adjust the amount.of light enterino a space such as
a room. Further, the Hiead box 203 also has g“fﬁngt%n asa dﬁ\e/in”élnmdeoé“hé% Qifting and Towering means)
for lifting and lowering the slatogroup-202-appropriatelyringesponse toaperationr@f an operation means
such as a Iiftingoa[_]jq ngve;m 1.0 eg\atiion chqL ?207ra i t_liigbgf}Aﬁig, a cn;o§§£sggtional view showing a first
configuration eXamplé of one of the sfats” As sfioWwn in Fig 24A" the SRt207a includes a base
materialS 211 and an:epticaldilmmi. Preterably,{he-eptical filmrl is.previded:an an.incident surface
side (for example, surface side opposed to window material) of both principal surfaces of the base
material 211, which' eXtérrat fight is 2i6wed to efitdtih&tite T which theSlafgrou 202 is closed.
The optical filmgk agkthe: base material-211 are bonded-to-gach other throygh an adhesive layer, for
‘example.
P scattering member be provided betwesn the output surface of
the window material and the optical function layer 13.
Fig. 18R is & cross-sectional view showing the first

construction of the optical device according to the

modified example. As shown in Fig. 182, the shaped laver

11 has resin and fine particies 110. The fine particleas

110 are different in refraction index from resin of the

=

primary component of the shaped layer 11. The fine

particles 110 may be composed of, for example, either or
oth organic and lnorganic particles. Further, the fine
particles 110 may be composed of hcollow particles, and

conposed of incorganic particles made of gsilica, alumina oz

the 1ike, or organic particles made of styrene, acrylic,
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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 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 211. As the glass, the resin material, the paper material, and the cloth material,
publicly known materials as the lgnategia;:l% gogghxe roll screen in relaggld@ag,ican be used. As the optical
film, 1, one type of the optical s T according to thetirst embodiment o the sixth embodiment can be
used. Otherwise; dt iscalso passible:tontise cambiriation of two or more types of the optical films 1
according to the first embodiment to the sixth embodiment can be used.  Fig. 24A is a
cross-sectional view Showing a 8cond ‘Sotigliation sxample o ohs o thé'siats A8 Shown in 24athe
second configuiation-exampie dhe-opticokisdised asithe slat-202anBreferably, the optical film, | can
be supported through the ladder cord 206, and has such rigidity that the optical film 1 is capable of
keeping the shﬁﬁ‘él%ﬁe?@o?m"@?@upp%?teﬁ?own it-8houRr bg Hoted thaf RitHotgH M tHe application
example, the exampleninwhich the-presentjnventiens appliedfathe horizontal type window shade
apparatus (Persian window shade apparatus) has been described, the present invention is also
applicable to aVEttieaPtype Witdawstte apparatus (vetficalwitdsw shatfeeapparatis). <Application
example 2> -in this application.example,; the, deseription will beymadg,ofa rall screen apparatus as
an example cf the sun screening apparatus capable of adjusting the screening amount of the incident
light by the suri-8éreemifigafehisars, throthfh Wirdihgep: BF WiRdHE off the sun screening members.

Fig. 1BC is a cress-sectional view showing the third
construction ¢f the optical device according to ths
modified example. As shown in Fig. 18C, the optical device

1 further includes a light diffusion laver 7 intervening

i

&3

betweesn the optical functlorn layer 13 and the snhaped laver
1L, 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 axanple of the optical device can reflsct
light in the range of infrared light cr specific light, and
scatter visible light and the like cther than the specific
light., As an industrial design, the cptical device I is
composed of smoked optical device.
<Modified example &>

In the above enbodiment, the embedding resin laver 12
of the optical device 1 has a flat layer 12h. Howsver, as
ig. 19, the optical device 1 according to this
medified example has an entrance surface 51 consisting of a

concavo-convex laver 12c. For example, 1t 1s preferable
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Fig. 25A is a perspective view showing an example of a configuration of the roll screen apparatus
according to the application exarrnie. As shown in Fig. 25A, 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 lift 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" 176 Core i CHRERTET THE sEr88R 302 hag MG Shape 6fhe screen 302 is not

particularly limited.-it is preferred te selectdhe-shape of the sereen 392 depgnding-qn the shape of the
window materiql or the like, to which the roll screen apparatus 301 is appliFor example, a rectangular
~ shape may be sélectédl. &t EigC25R 674 CFoss-sechibhariieiv SRowirg Birésdmpté ©f a configuration

of the screen 392. As shewn.in Fig. 258, the sareen.302 includes a.basg material 311 and the opt cai
device 1, and preferably the screen 302 has flexibility. Preferably, the optical device 1 is provided on

an incident surkicé"site (fof exaMplEs safaeeSide Bpposed o Adow ThateTia)smhichE external light is
allowed to enter;of both. principal surfaces, of,the, base,maferial 311. the. optical device 1 and the base

material 311 are bonded to
shape of the first optical layer 4,

Here, Lthe concave-and-convex laver 1l2c¢ corresponds to
the second. layer formed con the structured laver (first
layer) 122 having the gecond volume, the ratio of the
second volume to the {irst volume of the structured laver
iZa is equal to or larger than 5%, For sxample, the
structures and the optical function layer are smbedded by
the embedaing resin laver 1Z consisting o
layer 1Zz and the concave-and-convex laver 12c¢ made of the
energy beam curable resin.
<Mcdified example 7>

Figs. Z0 to 22 are cross-sectional views showing
modified examples of the structure of the optical device
according to the embodiment of the present inveniion.

In one mode of this modifled example, as shown in Figs.
20k and 20B, for example, orthogonallv-arranged columnar
structures (columnar cbiject) 1lc are formed on ons
principal surface of the shaped layer 11. Mozre
specifically, the first structures llc arranged in the
first direction pass through side surfaces of the second
structures llc arranged in the second direction

perpendicular te the first direction, while the second
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each other, for example, through an adhesive layer or the like. It should be noted that the configuration
of the screen 302 is not limited to the above-mentioned example, and the optical device 1 may be
used as the streen 302. The shape of the base material 311 may include, for example, a
sheet-shape, a film shape, and a plate-shape. As the material for the base material 311, 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 a& the That&rialfor thé BHEE MatBrial 8112 RSt Re GIAgS “tH& reé¥in fnaterial, the paper
material, and the.eloigrmaterials publiclys-|s astthe materialfor the roll scieen in related art can be
used. As the optical device one type of the optical devices 1 according to the above- mentioned
embodiments or'the'tiotiiffétt exahfplesan be'Gs&d SRérvisar 58 Ao possibie to use combination
of two or more types.otthe optical devices:l-aceqrding te¢ the abovemepntioned embodiments or the
modified examples can be used. It should be noted that although in the application example, the
roll screen appafittis Hras beehrdEserBed thehsiesent invention is not limited to that example. For

example, the presentnyention,is alsq applicable.ta.the sun.seregning apparatus capable of adjusting

the screen amount of the incident light by the sun screening members, through tolding up the sun
screening menthersnas thier abovesmentionetk Siin strasniny apparatas sthare cah be exemplified a
pleated screen W?&% adjusting the-sgreening %gugggéth%kncgggnt Ij,{g;pltctjhrg%gh folding up the
screen serving as the sun screening member in a bellows form, for exarﬁﬁle} <76?pp ication example 3>
In this applicatier&eample, thecdesceriptioniwilkbe hate dfcamexaniplesinavkichathezgresent invention
IS appl!ed to a_tét&iqg ggteﬂaoruqlegnt%% Qr exterior @g@berrz, Qi%gincﬂgq%g galg(rg _entrance portion in
the optical dewce%avmg a Ber ormance of | re?lectlng ﬁéaﬁt ina specfflc direction.

array, and hexagonal close-packed array. Regarding regular

clesed-packed array, as shown in Figs. Z21A to 21C, the

gtructures lic, each of which has & guadrangular-shapead

Ll

for example sguare-shiaped) botTom suriace are arranged in

/H
T

the form cof regular closed- packed structure. Regarding
hexagonal close-packed array, as shown in Figs. Z2A to 22C,
the structures llc, each cof which haz 2 hexegonal-shaped
pottom surface are arranged in the form of hexagonal close-
packed structure.

In the follewing, the descripticon will be made of
application examples of ihe present invention.

Although in the above-mentioned embodiments, the case
where the cptical device according t¢ the smbodiment of the

present invention is applied to the window material or the

ot

ike 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 esxterlior member, or the

like other than the window material. 23 the above-
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Fig. 26R is a perspective view showing an example of a configuration of a fitting according to an
application 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 pap&ridoot” fie PrEsERtmveifiioh BifotTifited t6 that BRanisiéarkl S48 applicable to
various fittings inchudingthe.light entrance portion.. £, Fig,263 is,a.crasszsectional view showing an
example of a configuration of the optical unit. As shown in Fig. 26E, the optical unit 402 includes a
base material 411 &Ad#H Bptiéa dBVIEECETTRE optical Hevicet kgs préviekell ofah incident surface side
(for example, sudaessidg appasedhio windaw,material) ubich exiernal lightis allowed to enter, of
both principal surfaces of the base material 411. The optical device 1 and the base material 411 are
bonded to each &ftere férseraripie L throtigh arsaldbreshrerkyer orithedikes dtshould be noted that the
configuration of the, pgper oot 401 is-nqlimited tg.the aboye; mentioned example, and the optcal
device 1 may be used as the optical unit 402. he base material 411 i& & Ehe'e?,“a film, or a
substrate, for exane swhichy hagcflexdbiitie As trematerisd forthecbaserhaterial 43, glass, a resin
material, paper{g&tte_rilasl, Qgidgg'u g%attgrigll C?Qrb% .9%9‘1 Iin };:/Levzxw_/3 6(5):1; %rS]e f%%tdth% visép}le gght is allowed
to enter a predetermined space such as a rgom, itis pre?erreéeto Use a resin maeterla?%avmg a.
transparency as the endterial forthe base'material 41ie As the glasspthe tesinamaterial; the paper
material, and the cloth material, %%bliC|¥ known materials as the material for the optical device of the
fitting in related Aft can be Used: As fhe optical dévice T ofe tyie of th&dpticat dévides 1 according to
the above-mentienedembadiments estie modifiedexamples-eanbe useds Rtherwise, it is also
possible to use combination of twg or more types of the optical devices 1 according to the
above-mentionéd &b odirERTESr thé édfIEd Samplds &af bGsedt =it shsakFhe noted that,
although in the aheve-mentioned.application examples the examplesdnwhichthe-present invention is
applied to'the nterior member or the exterior member such as the window material, the fitting, the slats
of the window shatde~apparattist or the$créeén of thé Fofl scréén HpPatatus Rasdeen described, the
present inventionsis-not limited to the above-mentioned examples, and is also applicable to an interior
members and an exterior members other than the above-mentioned interior or exterior members.
The present applicatidit cortains ‘Subjett Fifatisretitet ® that disclosadrindapaitese Priority Patent
Application JP 2010102841 L filed.in the. Japan.Ratent Office an, February 12,2010.and Jananese
Priority Patent Application JP 2010-056938 filed in the Japan Patent Office on March 15, 2010, the
entire contents &F wHich Bre-hersmieincetperated By feferameeer constituted of the

optical device itself, and an interior member or an

exterior membar constituted of

m

transparent base material
onto which the coptical device 1s bonded. When the interior
memer 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 dirsction out

of the room and to take visible light into the room, for

[

example. Thus, even in a case whars the interior member or
the extericr member 1s installed, 1t is possible to reducs

& need for room lighting. Further, there is little diffuse

h
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It should be understood by those skilled in the art that various modifications, combinations,
sub-combinations and alterations may occur depending on design requirements and other factors
insofar as they are within the scope of the appended claims or the equivalents thereof. What is
claimed is: 1. 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 td Rabad firstHayer habing a-first valurhs and Bdecond Y&t haling ¥ second volume
and being formeg:-an the firstlaver, ajatin-of-theiseaend velime de thedirstvelume Heing equal to or
larger than 5%, the concave section being filled with the first layer, the structure and the optical
function layer b&ind eriBéddedinthe?@RbeddinGTesiriayér -at feastisite of the 8hapéd layer and the
embedding re?b@%f@vgegA@E}trwsﬁ%m@g@r%@@m%rm surface forthe incident light,
2. The optical device according to claim 1, wherein the energy beam curable resin has a cure
shrinkage ratio & ifalte vrlarger G894 volurhe, andect thedatiPéfithe$econd volume to the first

VOh"neisequa&SﬁQE&%&%ﬂ%hgggéﬁgEk¥ghggﬁancing the strength, or the like.
<Application example 1>
In this application example, the description will be
made of ‘a2 sun scrsening apparatus (window shade apparatus)
capable of adjusting a scrsening amount of the incident

light by a sun scresning member group constituted of a

by

piurality o

I sun screening members, through changing the
angle of the sun scresning member group.

Fig. 23 is 2 perspective visew showing an exampis of a

IR

configuration of a window shade apparatus according to ths
application sxample. As shown in Fig. 23, a window shade
apparatus 201 serving as the sun screening a?paxatus
includes a head box 203, a slat group (sun screening member

group} 202 constituted of a pluralicty of slats (blades)

L

202a, and & bottom rail 204. The head box 203 is provided
above tThe slat group 202 constituted of the pluraiity of

slats 20Za. From the head box 203, a ladder cods 206 and a

0]

1ift cord 205 extend downwardly., The bottom rail 204 1
suspended from lower ends of those cords. The slats Z02a
gerving as the sun screening members sach have an slongated
sctangular shape, for example, and are supported in

predetermined intervals through the ladder code 206

downwardly extending from the head box 203, Furthern, the
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8 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 having light-transmissive property. 5.The optical device according to any
one or a _ , ' , ‘

head box 203 1s provided with an opsration means {(not

shown! such as & rod for adjusting the angle of the slat

02a.

B

group 202 ceonstituted of the plurality of slats
The head box 203 serves as a driving meang for

rotationally driving the slat group 202 constituted of the
plurality cof slats 202a in response to operation of the
operation means such as the red, o thereby adiust 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
siat group 202 appropriately in respense to operation of an

-

operation means such as a lifting and lowaring opsration

Flg. 24k 25 3 cross-sectional view showing a first
configuration example of one of the slats. Bs shown in Fig.
244, the slat 20Zs includes a base material 211 and an
optical £ilm 1. Preferably, the optical Tilm 1 is provided

on an incident surface side (for example, surface side

cpposed to window materisl) of both pringipzal surfaces of

[

is aliow

o

the base material 211, which external ligh d to
enter in a state in which the slat group 202 is closed.
The optical film 1 and the base materiazl 211 ars bonded to
each other through an adhesive layesr, for example.

The shape of the base materizl 211 may include,

-y

or
example, a sheet-shape, a film shape, and a plate-shape.

As the material for th

O]

base material 211, glass, a resin
material, paper materizl, and cloth material can be used.

In view of the fact that visikle light is allowed to enter
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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 des(i(red direction and to have visible light passed therethrough. 7. The optical device
according to claim 5, which is configured to reflect light of a first wavelength a direction other than a
regular reflection direction 9+180 degrees), and configured to have passed therethrough light of a
second wavelengotp band gif_ferecri\t from the fir twgveleng}h band,.as aLtfgﬁfwlj%gt chident on the
entrance surfaceatan ‘a%b’FéL ?@ p)S,QNaﬁéereslﬁl %" i indicatve of énla“ndﬁé“ﬂ”e“tween a’ine to the entrance
surface and thedight ineident aa:the:entrance surface-anlkightreflected from thewentrance surface, and
"p" is indicative of an angle between a specific on the entrance surface and a projected component of

the incident lightbr thé rEAGEFIgHt ' the'entrdiite iifdcg Ss =he res:n

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 fiim 1,

one type of the optical films 1 according to the first
embodiment to the sixth embodiment can be used. Otherwise,
it is also possible to use combination of two oY more types

F

of the optical films 1 acgording te the first embodimesnt to.
the sizth embodiment can be used.

Fig. 242 is & cross-secticnal view showing a second
configuration examgple of one of the slats. As shown in Fig.
248, in the sescond configuraTion example; the optical filim
1 is usaed asz the slat 202a. Preferably, the cptical film 1
can ke 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! hes been described, the

esent invention is alsc applicabkle to a vertical type

ke
H

window shade apparatus (vertical window shade apparatus).

In this application example, tThe descriptlion will ke
made of a roll screen apparatus as an exXample of the sun
screening apparatus capable cf adjusting the screening

ey
[



8. The optical device according to claim 5, wherein the entrance surface is a flat surface. 9The 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 ram, 0.5
mm, 1-0 mm, and 2.0 mm, rasafrom light passed through the optical .device on the basis of the
Japanese Induglifat"Statiards P%—%’b#ffétqu]eﬁ 96 orTErderthan 236~ 4% it Bpticardevice according

to any one of claims:Ho04mheren cr winding off the sun screening members.
Fig. 2B5A is a perspective view showing an exampie of a

configuration of the roll screen apparatus according to the
application exampi&. As shown in Fig. 25A, the roll screen
apparatus 301 serving as the sun screening apparatus
includes & screen 302, a head box 303, and & core 304. The
head box 303 18 configured to 1ift and lowsr the screen 302
when cperated through an cpsration portion such as a chain
305. The head box 303 includes a winding axis for winding
the screen inte head box 303 and winding off. Tc ths
winding axls, one end of the screen 302 is connected.

Further, to the other snd of the screen 302, the core 204

of the screen 302 is not particularly limited. It is

preferred te 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, =

rectangular shape may be selsacted.

i

Tl

w2

25A 1s a cross-sectional view showing an example

ped

i)

of a <o

a

figuration of the screen 302. As shown in Fig. 25B
the screen 302 includes s 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, surfsce side oppossed to window

material), which external light is zllowed to enter, of

beth principal surfaces of the base material 311, The

optical device 1 and the bass material 311 are bonded to

T4



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 gptical device according to any one of claimsd% 0,13, wherein the structure has a
shape of prism; éylinder, hemispheta: of cofner of Acule. °nesive ~aysr or tae
like. It should be noted that the configuration of the

screen 302 is not limited te the above-menticned sexample,

—

and the optical device may be used as the séreen 302.
The shape of the base material 311 may include, for
example, a sheet-shape, a film shape, and a plate-shape.

As the material for the base material 311, glass, & resin

material, paper material, and cloth materizl zan be used.

[

n view ¢I the fact that visible light 1s zllowed to enter

]

6]

predet

b
B

rmined space such as a room, it is preferrad to
use a resin material naving a transparency as the material
for the base material 3i1. As the g¢glass, the resin
material, the paper materizl, and the cloth material,
publicly known materials ohe maeterial I ' il

screen in related art can be used. As the optical device 1,
one type of the optical devices 1 according to ths above-
menticoned embodiments or the modified examples can be used.
Othefwise, it is also posszible to use combination of two

or more types of the optical devices 1 according to the
abcve-mentioned embodiments or the modified ezamples 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 inventicn is also applicable to the
sun screening apparatus capable of adiusting the scresen
amount of the incident light by the sun screening members,

through felding up the sun screening members. As the

- 75



15. The optical device according to any one of claims 1 to 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 15, wherein  an absolute value of a difference of chromatic coordinate "x" and an
absolute value of a difference of chromatic coordinate 'y" of light 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°48GFe8E an@ EGuliy fETetiBd Ty & BphcardevicE  Aré8guafto or larger than 0.05

in each of the sutages ef the epicakdevice: Ad=.The pplical devige.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 dEViIE&S16-A &litreRhing &pparafifs: compiginghrough 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 be
made of an example in which the present invention is
applied to a fitting (interior member or exterior member),
which includes a light entrance portion in the optical
device having a performance of feflecting light in a
specific directiorn.

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

COnIlIguration ©

'n

sy e =) " - - 1
& ILTCAng accordl

o

G te an applicaticn

example. Rs shown in Fig. Z64,

o

he fitting 401 has such a
configuration that an optical unit 402 is provided in the
light entrance portion 404. Specifically, the fitting 401
inciuces 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 cptical unit 402 is removable through

disassembling the frame material 403 depending on needs.

|54

5]

Although the fitting 401 may include, for examplie, a pa

o}

3

door, the present invention is not limited to that example
and 1s also applicable to various fittings including the
light entrance portion.

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

of a configuration of the optical unlt. As shown in Fig.
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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 Iighting
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;  a second
retainer made fégneggy beam gygaple,rgsin, the second retainer being configured to have a first layer
having a first véltinie, ‘and & set6nd 1ayer formed onitiairét /s, B §6¢6nd tayeBéing configured
to have a second veltmes the-conecave, section heingdiledawith the first layer:a satie,of the second
volume to the first volume being equal to or larger than SoL the structure and the optical function layer

being embeddedin-fHe S8RbnaTetaRrSafd | = wiidsm it EGRREER Etb the 88665 retainer. 91. A
manufacturing method for, an.epticakdevige; camprising=1 1ignt 15 2llowed to

red

enter, cf both principal surfaces of the base material 411,
The optical device 1 and the base material 411 are bonded
te each other, for example, through an adhesive laver or
the ilke. It should be noted that the configuraticn of the
paper docr 401 is not limited to the azbove-mentioned
example, and the optical device 1 may be used as the
optical unit 40Z.

The base material 411 is 2 shest, a film, or a
substrate, for example, which has flexibility. As the
material for tThe base material éil,'glasa, a resin material,
paper material, and cloth material can be used. In view of
the fact that wvisible light is allowed to enter a
predetermined space such as a room, it is preferred to use
a resin material having & transparency as the material for
the base material 411. As the glass, the resin material,
the paper materlal, 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-menticned embodiments or the modified examples can be
used. Otherwise, it is zlsoc possible to use combination of
two or more types of the optical devices 1 zccording to the
apove-mentioned embodiments or the modified examples can be

used,



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 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 ratio of the second volume to the first volume being equal to or larger than

5%, by embedding tge_r Structure andfthte Qpl;iggljunc ion layer ig energy. ge%@_curable resin.
OPTICAL DEVICE, ON SCREERING A%PA@ATU%%%I?%NG,?NTEI%&V\? MATERIAL, AND
METHOD OF RRQDUGINGOPTIEAL:DERAUCE NMstract oftheDiselasurenich the
present invention is applied to the interior member or the
extericr member such as the window material, the fitting,
the slats of the window shade apparatus, or the scresen of
the roll screen apparatus has been described, the present
invention is mot limited to the above-menticned examples,
and is also appliceble to an interior members and an
exterior members other than the above-menticned intericr or
exterior members.
The present application contains subdect matter

reiated te that disclosad in Japanese Priority Patent

3

Bppiication JP 2010~028411 £iled in the Japan P

i
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Hh
Hh
E;J
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o
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"} T - 1 — -~ = e P Ty g T R
on February 1I, 2010 and Japansse Priopity FaTent

pplication JP 2010-056%38 filecd in the Japan Patent Office
on March 15, Z010, the antire contents of which are hereby
incorporated by reference.

It should be understood by those skilled in the art
that warious modifications, combinations, sub-combinations
and alterations may ocour depending con design requirements
and other facteors insofar as they are within the scope of

*he appended claims or

T

he eguivalents therecf,



An optical device includes a shaped layer, an optical function layer, and an embedding resin layer. The
shaped layer has a structure forming a concave section. The optical function layer is formed on the
structure, and partially reflects incident light. The embedding resin layer is made of energy beam
curable resin, the embedding resin layer having a first layer having a first volume, and a second layer
formed on the first layer, the second layer having a second volume, the concave section being filled
with the first layer, a ratio of the seg;gnd volume to the first voluirb being equal to or larger than 5%, the
structure and tﬁ%”obtfc%l ?dﬁét?oeﬁla"ye‘r being embedded in the embedding resin layer. In the optical
device, at least.onengtthe:Shapedilayerand:the: emedding resin layer has light transmissive
property, and an entrance surface for the incident light. Fig. 1 '
a shaped layer having & 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 layver being configured to have a

first layer having a first veolume and a sscond laver having

R4

g second volume and being formed on the first laver

n

Fh

ratic of the second volume to the first volume being equal
to or larger than 5%, the concave section being fllliled with

the first layer, the s
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laver beling smpadded in the enbedding resin laver, at lsast
one of the shaped layer and the embedding resin laver
having light transmissive property and an entrance suriace
for the inclident Llight.
2. The optical device according tce claim 1, wherein

the energy beam curable resin has a cure shrinkage
ratio egual to or larger than 8% in volume, and

the ratic of the seceond volume to the first volume 1s
egual to cor lerger than 15% in volume.
3. The optical device according to claims I or 2, wherein

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

the ratic of the second veolume to the first volume is

q. The optical device accoerding te any one of claims 1 to

]
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3, further comprising

a base member formed on at least ong of the shaped
layer and the embedding resin layer, the base member having
light-transmissive property.
5. The optical device according toe any one 6f claims 1 to
4, wherein

the optical function layer is a wavelength-selective

reflection iayer.

[&a

The optical device according to clalm 5, wherein

the wavelength-selective reflection -layer is

& direction other than a reguler reflection direction {(-%,
p+180 degrees), and configured to have passed theresthrough

iight of a second wavelength band different from the first

wavelength band, as mart of light incident on the entrance
surfacs at an angle (8, ©), wherein

“

"8 isg indicative ¢f an angle between a line vertical

i

to the entrance surface and the light incident on ths

h

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 projectsd component of the

incident light or tha reflected light to the sentrance

B. The optical devics according to claim 5, whereln .



the entrance surface iz z filat surface.
9. The optical dev;cs according to claim L, wherein

a sharpness of a light-transmissive image of an
optical comb cof 0.° mm, measured from light passed through
the optical device on the basis of the Japanese Industrial
Standards K~7105, i1s equal to or larger than 50.
10. The optical device.according to claim 5, wherein

.2 sum of sharpness of light-transmissive images of

epfical combs of 0.125 mm, C.5 mmu, 1.0 mm, and 2.0 mm,
measyred from 1ight Qaésed through the optical device on
the basis 0f the Japanese Industrial Standards K-7105, is

equal to or larger than 230.

11. The optical device according Lo any one of claims 1 to
10, wherain

the optical function layer is a gsemli-tTranasmisgsive
léyex.
1Z2. The cptical device according to any one of claims 1 to

i, wherein
the optical function iayer includes a plurality of
I o .

function layers-inclined with respect to the

entrance surface, the plurality of optical function lavers

o
@
!'f"

0
w
¥

rranged parailel to sach other.

13. .The optical device according to any one of claims 1 to

a difference in refraction index betwesn the shaped
laver and the embedding resin laver is egqual to or larger

than 0.010,.

e

[

. The optical device according te any one of claims 1 to

gi



12, wherein

the structure has a shape of prism, cylinder,
hemisphere, or corner of a cube.
15. The cptical davice according to any one cof claims 1 to
14, wherein

the structure ls arranged as ons 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 te any one of claims 1 to
15, wherein

an absolute value of a difference of chromatic

coordinate “x” and an absclute value of a differencs of

+

cnromatlc coordinatse YT ¢f lignt entered
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smaller than 60 degrees, and regularly reflected by the
optical device, are egqual to or larger than 0.05 in each of
the surfaces of the optical device.

17. The optical devi

-

e according to any one of claims 1 fo

Q

]

&, further comprising
one of a waterw-shedding laver or a hydrophilic layer
or the entrance surface of the optical device,
18. A sun-screening apparatus, comprising
one ¢or more sun-acreening membsrs configured to scresn
suniight, the sun-screening members having the optical
device according te any one of ciaims 1 to 17.

19, A fitting, comprising

82



a lighting section provided with the optical device
according to any one of c¢laims 1 to 18.
20. A window material, comprising:

a first_retainer configured to have a structure

forming a concave section;

[

an optical functicn

ayer formed on ths structure, and

a second retainer made of energy beam curable resin,
the second retainer being configured To have a first layer
having a filrst volume, and a second layer formed on the
£irst layer, the second layer being configured to have a
second volume, the concave section Delng filled with the
first layer, & ratio of the second volume tTo the first

volume being aqual To or larger than 5%, the structurs and

=

l.)

i E=

the optical function layer belng embedded in the second

& window unit connected te the second retainer.
21, A manufacturing method for an optical device,
comprising:

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

forming an optical function layer formed on the
structure, and configured to pertially reilect incident

light; and

forming a second retalner configured to have a first
layer having a first velume, and a second layer formed on

the first laver, the second layer being cenfigured to have

a second volume, the concave section being filled with the
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o of the second volume to the first

fut

first lavser, a2 rat
volume being equal to or larger than 5%, by embsdding the
structure and the optical function layer 1n energy beam

curable resin.
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