OPTICAL ELEMENT AND METHOD FOR MANUFACTURING THE SAME BACKGROUND OF THE
INVENTION 1. Field of the Invention The present invention relates to an optical element and a
method for manufacturing the same. In particular, the present invention relates to an optical element
that selectively directionally reflects light in a specific wavelength band while transmitting light other
than that in the specific wavelength band. 2. Description of the Related Art In recent years, building
glass for high-rise buildings and houses and window glass for vehicles have been increasingly
provided with layers for absorbing or reflecting some of sunlight. The glass described above is one of
energy-conservation measures in order to prevent global warming and aims to reduce the load on
air-conditioningcsysterns that isiappliedvtheretorhyran rereasesinindoor tempesatuse mthen optical
energy emitted from the sun enters an indoor space through a window. The optical energy emitted
from sunlight primarily includes light in the visible region having a wavelength range of 380 to 780 nm
and light i%ﬂ?ﬁin ar-infrared region having a wavelength range of 780 to 2,100 nm. In particular, since
being irrelevan %%War?\};ls%ﬁ?ﬁyltﬁg@\é SHifttance of a window in the latter wavelength range, that
is, in the near-infrared regiony,is an.impartant factor that determines whether the window has highly
transparency and highly heat-shielding properties.  As a method for shielding near-infrared light
while maintaining the transpareney.irstheivisiblegegions ferexamplerthese may.mentionggdia method
for providing window glass with a layer having a high reflectance in the near-infrared region. For
example, daparidsecPdtent Nel4066101rhag distisedreelamidatedastructurakfilm inckuding an oxide
layer, a metal Ia%?er, and a dielectric material layer. Japanese Patent No. 4066101 has also disclosed

that since th& firflinatet §RICtarl fifit f-Gsed s &reflBdtivedayért $8fidis properties, such as high
visible light transmission, p&&%ﬂ%%%/f@%iaugmPé%%%ftiﬁagmgh heal ray reflecting properties, and
' t |

. : 111 . .
desirable reflective appearance, can be im arted to an optical e ement. pﬁgwever, since this type of

reflective layeeisprovidedoniflatwindow.glassy speeular reflestion of incident suplight can only be
performed. Hence, light coming from the sky and specularly reflected reaches another outdoor building
or the groling apt4s Ehangetkintd heattby absatption, and as a result, an ambient temperature is

increased, Accordingly, around the periphery of a building in which the reflective layers as described
above are - Description of the Related Art

In recent years, building glass for high-rise buildings
and houses and window glass for vehicles have been
increasingly provided with layers for absorbing or
reflecting some of sunlight. The glass described above is
one of energy-conservation measures in order to prevent
global warming and aims to reduce the load on air-
conditioning systems that is applied thereto by an increase
in indoor temperature when optical energy emitted from the
sun enters an indoor space through a window. The optical
energy emitted from sunlight primarily includes light in the
visible region having a wavelength range of 380 to 780 nm
and light in the near-infrared region having a wavelength
range of 780 to 2,100 nm. In particular, since being

irrelevant to human visibility, the transmittance of a



adhered to all windows, various problems occur, that is, for example, since a local increase in
temperature occurs, a heat island phenomenon is promoted in an urban area, and lawns are not
grown only in an area irradiated with reflected light. SUMMARY OF THE INVENTION Accordingly,
it is desirable to provide an optical element that selectively directionally reflects light in a specific
wavelength band while transmitting light other than that in the specific wavelength band and a method
for manufacturing the optical element.  According to an embodiment of the present invention, there
is provided an optical element which includes a first optical layer having a concavo-convex surface; a
wavelength-selective reflective layer provided on the concavo-convex surface of the first optical layer;
and a seceng @pticaldayerprovided ontheLconcave-convex suface-on which,the.wayelength-selective
reflective layer is provided so as to fill the concavo-convex surface. In this optical element, the
wavelengthrdelectv@ reflective layer imcludescarmstal |dyertapratestiveltayer piovded on the metal
layer and containing a metal oxide as a primary component, and a high refractive index layer provided

on the proté&ivedayerdnd’eomtaining a nietaloxidé ‘RREMRAR 2HE o¥ide BSH primBARA tomponent,

and the w QLIg@ @R el %t' e reflective layer selectively directionally reflects light in a specific
wavelengt%}lbanc%w e {%raér)l renﬁﬁrgiggﬁght other than that in the specific wavelength band. According

to an embodimentotthe-resentinvention. thereds pravided, a metbad farymanyfactying an optical
element which includes the steps of: forming a wavelength-selective reflective layer on a
concavo-convek surface of bdirstrepticakleyer; antfouningva secdnd opticabtayef on the
concavo-convex surface on which the Wayelen&:[h-selective reflective layer is formed so as to fill the

concavo-COfVBR stirfabB SihGhB e thBh testfibed abBVE dfe Siep BRI S waverkiigth-selective

reflective layet ineludes the substens of forming. metaL ayer, forming a protective ayer which
contains & metal oxide as a primary compohent onthe métal layér: and forming & Righ refractive index

layer which-containg a-metal oxiderether thanzing oxideasa primary cemponentar the protective
layer, and the wavelength-selective reflective layer selectively directionally reflects light in a specific
wavelengttelzant while srmdsmitling lightether thancthat inl thé ispecificaviavelerngthrbandi e According
to an embodiment of the present invention, light in a specific wavelength band can be directionally
reflected dridf fSotaliBfed toEhtéita pratétérntingd $pace C afid iRt dther st that in the specific

Wave_lgngglab%@}de%an pe 1!r{g}tr dl.ﬁ:&d i%)éé]f rgggtsera 'nseod %pac&én gg(ji;g‘i n, reflected light in a
specific diréction other than the specular ref@ctlon exrlzjts, and-the in ensity %?etregf‘ggﬁ be made
sufficiently higheg thap thedntensity of diffuse reflegtion,whigh hasno directivity o 1ayer,
various properties, such as high visible light transmission
properties, low radiation properties, high heat ray
reflecting properties, and desirable reflective appearance,
can be imparted to an optical element.
However, since this type of reflective layer is
provided on flat windoew glass, specular reflection of
incident sunlight can only be performed. Hence, light
coming from the sky and specularly reflected reaches another
outcdoor building or the ground and is changed into heat by
absorption, and as a result, an ambient temperature is
increased. Accordingly, arcund the periphery of a building

in which the reflective lavers as described above are



As described above, according to an embodiment of the present invention, light in a specific
wavelength band is selectively directionally reflected, and at the same light other than that in the
specific wavelength band can be transmitted. BRIEF DESCRIPTION OF THE DRAWINGS Fig. IA
is a cross-sectional view illustrating a first structural example of an optical element proposed by the
present inventors; Fig. 1B is a cross-sectional view illustrating degradation of a
wavelength-selective reflective layer caused by generation of cracks;  Fig. 10 is a cross-sectional
view illustrating degradation of the wavelength-selective reflective layer caused by oxygen deficiency
irregularity;  Fig. 2A is a cross-sectional view illustrating a second structural example of the optical

element proposed by-the presentinyentors; - - ; Kig. 2815 crpss:sectipnalyiew illustraing
degradation of a wavelength-selective reflective layer caused by generation of cracks;  Fig. 20 is a
cross-sectionatwiew illastrating degraslation of theswavelength-selective-reflestive; layer caused by
oxygen deficiency irregularity;  Fig. 3A is a cross-sectional view showing one structural example of

an optical fifiit cesrbing tda firstephisedirene sPie mésént inventidmn area, and

lawns are not grown only in an area irradiated with

reflected iight.

SUMMARY OF THE INVENTION

Accordingly, it is desirable to provide an optical
element that selectively directicnally reflects light in a
specific wavelength band while transmitting light other than
that in the specific wavelength band and a method for
manufacturing the optical element.

According to an embodiment of the present invention,
there is provided an optical element which includes a first
optical layer having a concavo-convex surface; a wavelength-
selective reflective layer provided on the concavo-convex
surface of the first cptical layer; and a second optical
layer provided on the concavo-convex surface on which the
wavelength-selective reflective layer is provided so as to
fill the concave-convex surface. In this optical element,
the wavelength-selective reflective laver includes a metal
layer, a protective layer provided on the metal layer and
containing a metal oxide as a primary component, and a high
refractive index layer provided on the protective laver and

contalining a metal oxide other than zinc oxide as a primary



Fig. 38 is a cross-sectional view showing an example in which the optical film according to the first
embodiment of the present invention is adhered to an adherend;  Fig. 4 is a perspective view
showing the relationship between incident light incident on an optical film and reflected light reflected
by the optical film;  Figs. SA to SC are perspective views each showing a shape example of the
structure formed in a first optical layer; Fig. 6A is a perspective view showing a shape example of
each of structures formed in the first optical layer;  Fig. 68 is a cross-sectional view showing one
structural example of an optical film including the first optical layer in which the structures shown in
Fig. 6A are formed; Figs. 7A and 78 are cross-sectional views each showing one structural example

of a wavelgngih-selaetivesrefiestive layer of the-eptical film aceordingto the first embadiment of the

present invention; Figs. 8A and 82 are cross-sectional views each illustrating one example of a
function ofsthesopticakfilm; di deigt 9Arandikigr8Z aee croskiggctional Wews each iltustrating one
example of the function of the optical film;  Fig. 10A is a cross-sectional view illustrating one
exmnpb(ﬁﬂ%?ﬁﬁﬁﬂ&ﬁcﬁﬂﬂ?oﬁﬁ%ﬂ%hﬁ?ansmltting light other than that in

the specific wavelength band.

According to an embodiment of the present invention,
there is provided a method for manufacturing an optical
element which includes the steps cf: forming a wavelength-
selective reflective layer on a concavo-convex surface of a
first optical layer; and forming a second optical layer on
the concavo-convex surface on which the wavelength-selective
reflective layer is formed so as to fill the concavo-convex
surface. In the method described above, the step of forming
a wavelength-selective reflective layver includes the
substeps of: forming a metal laver; forming a protective
layer which contains a metal oxide as a primary component on
the metal layer; and forming a high refractive index lavyer
which contains a metal oxide other than zinc oxide as a
primary component on the protective layer, and the
wavelength-selective reflective layer selectively
directionally reflects light in a specific wavelength band
while transmitting light other than that in the specific
wavelength band.

According te an embodiment of the present invention,
light in a specific wavelength band can be directicnally

reflected and is not allowed to enter a predetermined space,



Fig. 102 is a plan view illustrating one example of the function of the optical film;  Fig. 11isa
schematic view showing one structural example of a manufacturing apparatus for manufacturing an
optical film according to the first embodiment of the present invention;  Figs. 12A to 12C are
cross-sectional views each illustrating one example of a method for manufacturing an optical film
according to the first embodiment of the present invention; Figs. 13A to 130 are cross-sectional
views each illustrating one example of the method for manufacturing an optical film according to the
first embodiment of the present invention; Figs. 14A to 140 are cross-sectional views each illustrating
one example of the method for manufacturing an optical film according to the first embodiment of the

present inyention; o1, FFig - 13A is 8 £rossysectional vigw.showing a first modified,example according to
the first embodiment of the present invention;  Fig. 15B is a cross-sectional view showing a second
modified exampte ac¢cording.todtie firstcembedimeatieftherpresentdpvention; 1 n Figi16Aisrg
perspective view showing a first structural example of a first optical layer of an optical film according to
a second émbodiriént of tHE predent iMlehtionic FigraeBlisa parspeactiveviewshowing a second

structural ex%rQB aorf tfl]g Ei{%g&i&gl Ig er %f the ogéic%ﬁlm,a%cording to t%e secofnd embodiment of
the;xeseﬁ%hvenlon; 1sts, a e 1ntenslTy thereof can be

made sufficiently higher than the intensity of diffuse
reflection which has no directivity.

As described above, according to an embodiment of the
present invention, light in a specific wavelength band is
selectively directionally reflected, and at the same time,
light other than that in the specific wavelength band can be

transmitted.

BRIEEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a cress-sectional view illustrating a first
structural example of an optical element proposed by the
present inventors;

Fig. 1B is a cross-sectional view illustrating
degradation of a wavelength-selective reflective layer
caused by generation of cracks;

Fig. 1C is a cross-sectional view illustrating
degradation cof the wavelength-selective reflective layer
caused by oxygen deficiency irregularity:

Fig. 2A is a cross-sectional view illustrating a second
structural example of the optical element proposed by the

present inventors:



Fig. 17A is a plan view showing a third structural example of the first optical layer of the optical film
according to the second embodiment of the present invention;  Fig. 172 is a cross-sectional view of
the first optical layer shown in Fig. 17A taken along the line XVIIB-XVIIB;  Fig. 170 is a
cross-sectional view of the first optical layer shown in Fig. 17A taken along the line XVIIC-XVIIC; Fig.
18A is a plan view showing a fourth structural example of the first optical layer of the optical film
according to the second embodiment of the present invention; Fig. 183 is a cross-sectional view of
the first optical layer shown in Fig. 18A taken along the line XVIIIB-XVIIIB;  Fig. 180 is a
cross-sectional view of the first optical layer shown in Fig. 18A taken along the line XVIIIC-XVIIIC;

Fig. 19A is a plap yiew showing.a fith structural example pf thefirst, gptical Jayer of the optical fiim

according to the second embodiment of the present invention; ~ Fig. 193 is a cross-sectional view of

the first opticakleyee shown in kigy49Aitaken alangithedineXIXBrXbB:: veFigs 20A is a
cross-sectional view showing a first structural example of an optical film according to a third
embodimeitof fite preseptpwention of cracks;

Fig. 2C is a cross-sectional view illustrating
degradation of the wavelength-selective reflective laver
caused by oxygen deficiency irregularity;

Fig. 3A 1s a cross-sectional view showing one
structural example of an optical film according to a first
embodiment of the present invention;

Fig. 3B is a cross-sectional view showing an example in
which the coptical film according to the first embodiment of
the present invention is adhered to an adherend;

Fig. 4 1s a perspective view showing the relationship
between incident light incident on an optical film and
reflected light reflected by the optical film;

Figs. 5A to 5C are perspective views each showing a
shape example of the structure formed in a first optical
layer;

Fig. 6A is a perspective view showing a shape example
of each of structures formed in the first optical layer;

Fig. 6B is a cross-sectional view showing one
structural example of an optical film including the first
optical layer in which the structures shown in Fig. 6A are
formed;

Figs. 7A and 7B are cross-sectiocnal views each showing



Fig. 203 is a cross-sectional view showing a second structural example of the optical film according to
the third embodiment of the present invention;  Fig. 200 is a cross-sectional view showing a third
structural example of the optical film according to the third embodiment of the present invention;

Fig. 21A is a plan view showing the shape of a mold master for forming optical films of Examples 1 to
8 and Comparative Examples 1 to 5; Figs. 213 and 210 are each a cross-sectional view of the
mold master shown in Fig. 21A taken along the line XXIB, XXIC-XXIB, XXIC; Fig.22isa
cross-sectional view illustrating the thickness of a wavelength-selective reflective layer;  Fig. 23A is
a top view showing an observation result of a wavelength-selective reflective layer of the optical film of

Example L. Bl 23815 on veypshowira.an dosenialon tesul of anavelengitselegive reflectie

layer of the optical film of Comparative Example 1; ~ Fig.”24A is a graph showing transmission
propertieslefithe opticalfiimsof Exampte lrand-Comparative-Exampleikis+ Eigo2484s:a:graph

showing reflection properties of the optical films of Example 1 and Comparative Example 1;
of the present invention:

Figs. 8A and 8B are crossg-gectional views each
illustrating one example of a function of the optical film;
Fig. 9A and Fig. 9B are cross-sectional views each
illustrating one example of the function of the optical

film;

Fig. 10A is a cross-sectiocnal view illustrating one
example of the function of the optical film;

Fig. 10B 1is a plan view illustrating one example of the
function of the optical film;

Fig. 11 is a schematic view showing one structural
example of a manufacturing apparatus for manufacturing an
optical film according te the first embodiment of the
present invention;

Figs. 12A tc 1l2C are cross-sectional views each
illustrating one example of a method for manufacturing an
optical film according to the first embodiment of the
present invention;

Figs. 132 to 13C are cross-sectional views each
illustrating one example of the method for manufacturing an
optical film according to the first embodiment of the
present invention;

Figs. 14A to 14C are cross-sectional views each



Fig. 25A is a top view showing an observation result of a wavelength-selective reflective layer of the
optical film of Comparative Example 2;  Fig. 258 is a top view showing an observation result of a
wavelength-selective reflective layer of the optical film of Example 2; Fig. 26A is a graph showing
transmission properties of the optical films of Example 1 and Comparative Example 2; Fig. 268 is a
graph showing reflection properties of the optical films of Example 1 and Comparative Example 2; Fig.
27A is a graph showing transmission properties of the optical films of Example 1, Example 2, and
Comparative Example 3; Fig. 278 is a graph showing reflection properties of the optical films of
Example 1, Example 2, and Comparative Example 3; Fig. 28A is a graph showing transmission

properties;of the optical fiims,of Example 4. Qf%@?éaﬁ\é%ﬁéamf&ef3m%%§£&w%\ﬁ Example 4;
Fig. 288 is a graph showing reflection properties of the optical films of Example 1, Comparative
Example 3ant-Gomparativedexampled;to the first embodiment of the

present invention;

Fig. 15A is a cross-sectional view showing a first
modified example according to the first embodiment of the
present invention:

Fig. 15B is a cross-sectional view showing a second
modified example according to the first embodiment of the
present invention:

Fig. 16A 1s a perspective view showing a first
structural example of a first optical lavyer of an optical
film according to a second embodiment of the present
invention;

Fig. 16B is a perspective view showing a second
structural example of the first optical layer of the optical
film according to the second embodiment of the present
invention;

Fig. 17A is a plan view showing a third structural
example of the first optical laver of the optical film
according to the second embodiment of the present invention;

Fig. 17B is a cross-secticnal view of the first optical
layer shown in Fig. 17A taken along the line XVIIB-XVIIB;

Fig. 17C is a cross-sectional view of the first optical
layer shown in Fig. 17A taken along the line XVIIC-XVIIC:;

Fig. 18A 1s a plan view showing a fourth structural



Fig. 29A is a graph showing transmission properties of the optical films of Example 1, Example 2, and
Comparative Example 5; Fig. 298 is a graph showing reflection properties of the optical films of
Example 1, Example 2, and Comparative Example 5;  Fig. 30A is a graph showing transmission
properties of the optical films of Example 1 and Example 3;  Fig. 308 is a graph showing reflection
properties of the optical films of Example | and Example 3;  Fig. 31Ais a graph showing
transmission properties of the optical films of Example 1 and Example 6;  Fig. 318 is a graph
showing reflection properties of the optical films of Example 1 and Example 6; Fig. 32A is a graph
showing transmission properties of the optical films of Example 1, Example 7, and Example 8; Fig.

323isagr ing reflection properties of th tical fi f Example 1, Example 7, and Example
8; and %8 igv ag\%e\?vksee}logvingggnérégiéﬁéeéuﬁsg g? %eoo%%}gfaﬁl%?gtf Iﬁ—_:%;rm%ﬁej‘?lobtained by auger

deCUOﬂS@@@Bﬁ@@ﬁM-to the second embodiment of the present invention:

Fig. 18B is & cross-sectional view of the first optical
layer shown in Fig. 18A taken along the line XVIIIB-XVIIIB;

Fig. 18C is a cross-sectional view of the first optical
layer shown in Fig. 18A taken along the line XVIIIC-XVIIIC;

Fig. 18A is a plan view showing a fifth structural
example of the first optical layer of the optical film
according toc the second embodiment of the present invention;

Fig. 198 1s a cross-secticnal view of the first optical
layer shown in Fig. 194 taken along the line XIXB-XIXB;

Fig. 20A is a cross-sectional view showing a first
structural example cf an optical film according to a third
embodiment of the present invention;

Fig. 208 1s a cross-secticnal view showing a second
structural example of the optical film according to the
third embodiment of the present invention;

Fig. 20C i1s a cross-sectlonal view showing a third
structural example of the optical film according to the
third embodiment of the present invention:

Fig. 21A is a plan view showing the shape of a mold
master for forming optical films of Examples 1 to 8 and
Comparative Examples 1 to 5;

Figs., 21B and 21C are sach a cross-sectional view of

the mold master shown in Fig. Z1A taken along the line XXIB,



DESCRIPTION OF THE PREFERRED EMBODIMENTS  The present inventors carried out
intensive research in order to solve the above problems of the related art. As a result, the present
inventors invented an optical element including a first optical layer having a concavo-convex surface, a
wavelength-selective reflective layer formed on the concavo-convex surface of the first optical layer,
and a second optical layer formed on the concavo-convex surface on which the wavelength-selective
reflective layer is formed so as to fill the concavo-convex surface. In this optical element, of light
incident on an incident surface thereof, light in a specific wavelength band is selectively directionally
reflected, and at the same time, light other than that in the specific wavelength can be transmitted.

Fig. IA is a:grossssectionakmew illustrating a first structural example of an optical element proposed by
the present inventors. As shown in Fig. 1A, this optical element has the structure in which a
wavelength-seleEtive reflectige fayerd36-s farmiethan awcoseava-tasyex:surface:-aka first optical layer
4. The wavelength-selective reflective layer 130 includes a metal layer 132 formed on the :
concavo-dﬁh%@g%ﬁﬁécé? bf the'first opticd] Tayet Uearid dehighe fefraetive indeseiayer 131 formed on the
metal layer 132. . Fig2§% is a cro%%-sectional };’EW illustrating a second structural e mgle of the

a
optical element proposéd By the present inventora-As shofth in Bl 2K thid'bpticalelentent includes
the structuye,ja whieh awauelength splective reflaciive layerd30/s formed gp a.conaayergonvex.
surface of a first optical layer 4. The wavelength-selective reflective layer 130 includes a high refractive
index layer 1 32:farmeée oh;the concavo-convex surface of the first optical layer 4, a metal layer 132
formed on the high refractive index layer 131, and a high refractive index layer 131 formed on the
metal layer 132.719 |n thiopticat eletRentsdf tiid first atidahe SBEGHY structaral exaniplestdescribed
above, as a material forttpg high r%fractive i& ex @%Ier 131, when a zinc oxide-pased compound (such
as zinc oxaildew(afn%)egrgzmc dxide addsd With galiitim' fGayatid an alurifufP @Y therdinafter referred
to as "GAZ@")) dg.pged..cracks:areliable ta be generated in a vertex area of a convex portion and/or
an inclined surface portion of the concavo-convex surface due to the influence of a film stress. When
cracks are generated, rhoisture andferain am: liable 4o entetdhe inside theretheaughs she metal layer
132 included in the wavelength-selective reflective layer 130 is degraded, and as a result, a reflex
function is@&gragiéd ¢see Figsra BodndE2BYP 1 eHeretoforé dopa pdté-shapadeelective reflective film,
a method is used in Wh%:ﬁl’] a thin metal | e%g]ade, for example, of Ti having a thickness of

approximately 2'nh¥ is fofmedori'a %&%a Fnd%h Aigh refrhdiie MGk Hyet < fiitther formed on
an upper surface.of;the thin;metal layer under oxyger,supply, canditions, By, this method, since being

oxidized, the thin metal layer functions as a protective layer, and as a result, the metal layer is
suppressed fronrbegingadegraded by exidation. Eoweves throughdatensivedesearehcarded out by the
present inventors in order to apply this method to film formation on the structure described above, it
was foundithat tisel 8ptirha ickeress of thee protedtivesméetal kiyep Satisfyingithé petfofrhance is not
present. Thjs reason for this is believed that the thickness of the wavelength-selective reflective layer
130 on th& conCavE E8MVeX shaE IR rgI%f at a vertex portion than that at a bottom portion by

approximately 2gimes dug tq the;influgnces.of shadowing apd the like, It was fipally fqund that when

the thickness of
a wavelength-selective reflective laver of the optical film

of Example Z;
Fig. 26A 1s a graph shqwing transmission properties of
the optical films of Example 1 and Comparative Example 2;
Fig. 26B is a graph showing reflection properties of
the optical films of Example 1 and Comparative Example 2;
Fig. 27A is a graph showing transmission properties of

the optical films of Example 1, Example 2, and Comparative



the protective metal layer is small, since a sufficient protective function may not be obtained at the
bottom portion at which the thickness is small, degradation of the metal layer 132 occurs by oxidation,
and on the other hand, when the thickness of the protective metal layer is large, oxygen deficiency
irregularity is liable to be generated in a vertex portion of a protective layer 133 which has a large
thickness, so that degradation of spectral properties caused by the absorption of light occurs (see the
regions X shown in Figs. 10 and 20). Accordingly, the present inventors carried out intensive
research in order to suppress the generation of cracks and also in order to suppress the degradation
of spectral properties. As a result, it was finally found that a material (low stress material) containing a
metal OXidﬁx%tHSﬁ agl;zinc oxide as a primary component is used as a material for the high refractive
index layer 131, the material for the protective layer 133 of the wavelength-selective reflective layer
130 is changed oiasmetadde magerialyand futhes the fie farmation,conditions of dhe protective
layer 133 are adjusted. = Embodiments of the present invention will be described in the following
order withtreferepce toethedrawingst 1EEasEmbbdinient(Example mrmihichnstructiires are
one-dimensionally arranged.) 2. Second Embodiment (Example in which structures are
two-dimerfsiGi&hy arranged.) 3. Third Embodiment (Example in which an optical film containing light
scattering material is proyided.) 4. Fourth Embodiment (Example in which a self-cleaning effect layer
is provided.) <1. %r%t E?n%%%d% r% e%t>gféatﬁjt%tl??éoov% ldlgtica% %ﬁr?‘ﬁu . Sﬁ@? 3RS %ec%é*ée-sseggonal view
showing ongesteysturahexample-ofan eptigal film accerding:te-a first embodimentof the present
invention. Fig. 3E is a cross-sectional view showing an example in which the optical film according to
the first efibodiarent of theépresehtinvention is adhered to an adherend. An optical film 1 functioning
as an optical element is an optical film having so-called directional reflection properties. As shown in
Fig. 3A, this optiEaFiim=F thchities & 8pticat PhaVing & CoheavEBRFEC interfate therein and a
Wavelengl‘?ﬁ elective reflective layer.3 provided along the interface of this o icaléayer 2, The optical
layer 2 inc u%e %§J%%s%%%ti%§\lﬁf§§ep (%b%%‘éﬁ‘%%ea g?ﬁa%:téoén Fesii ajy\erF) ﬁ%\%ﬁé‘ A first %&r(flace of a
concavo-convex syrface shapgand asecond optical layer (called an embedding resin layer) 5 having
a second surface of a concavo-convex shape. The interface inside the optical layer is formed from the
first surface Fig. 29A is a graph showing transmission properties of

the optical films of Example 1, Example 2, and Comparative
Example 5;

Fig. 29B is a graph showing reflection properties of
the optical films of Example 1, Example 2, and Comparative
Example 5;

Fig. 30A is & graph showing transmission properties of
the optical films of Example 1 and Example 3;

Fig. 30B 1s a graph showing reflection properties of
the optical films of Example 1 and Example 3;

Fig. 31A is & graph showing transmission properties of
the optical films of Example 1 and Example 6;

Fig. 31B is a graph showing reflection properties of
the optical films of Example 1 and Example 6;

Fig. 32A is a graph showing transmission properties of



and the second surface disposed to face each other and each having a concavo-convex shape. In
particular, the optical film 1 includes the first optical layer 4 having a concavoconvex surface, the
wavelength-selective reflective layer 3 formed on the concavo-convex surface of the first optical layer
4, and the second optical layer 5 formed on the wavelength-selective reflective layer 3 so as to fill the
concavo-convex surface on which the wavelength-selective reflective layer 3 is formed. The optical
film 1 has an incident surface S1 on which sunlight or the like is incident and an emission surface S2
from which, of the light incident on this incident surface Sl, light which transmits the optical film | is
emitted. If necessary, the optical film | may further includes a first base member 4a on the
emission sc%ace 2 of tfefo:.L iﬁgl Ig}/eEZ.aIIQ aiddit'ion,éf neceésar%/, tge ptical film 1\%ay further

includes a second base member 5a on the Ncident sUHace i of the o?) ica Efgf/né)rjze. hen the first

base member 4arand/or the second-hase.member 52 is ncluded inthe optical film.1 a5 described
above, in the state in which the first base member 4a and/or the second base member 5a is formed as
a part of théneptical fitm 11, fhe followindteptical prapertiesrguch a5, trangpareney-ard 8 transmission
color, are preferably satisfied. If necessary, the optical film 1 may further include a bonding layer 6.
This bondf"H“gdlayer 6 is formed on one of the incident surface Si and the emission surface 52 of the
optical film 1 which is t%%efghgreditowa V\@ilndo.w materql 10, The ospt'cal film_1 is adhered to the
window material lJO?WhIC is"an adheren , St'an'hddor of an ‘outddor side \‘R,ﬁhtiﬁi% bonding layer 6

interposed,therebatween: As the bonding layen s, for.example, there may be tsgd an adhesion layer

(such as a UV curable resin or a two-component liquid resin) containing an adhesive as a primary
componerimgr @-tacky: tayer (such as PSA (Pressure Sensitive Adhesive)) containing a tacky agent as
a primary component. When the bonding layer 6 is a tacky layer, a peeling layer 7 is preferably further
provided on the bonding layer 6. The reason for this is that by the structure as described above, by

simply peggggct??gﬁ%#ﬁg#yeﬁ? t %I 2@ i rg?e ﬁ%y adhered to an adherend, such as the
window material 10, with the bonging gy%r %er%%%% ﬁqefrlg tween. The optical film 1 may
further include afimerlayer(not shawn).hetween,the segond base member, 5a and the bonding layer
6 and/or the second optical layer 5 in order to improve bonding properties between the second base
member Sarared-thechanding: layes 6:andfer theserend opticallayer=5.dnaddition, in aeder to improve
the bonding properties at the same portion as described above, a common physical

result, the present inventors invented an optical element

including a first optical layer having a concavo-convex

surface, a wavelength-selective reflective layer formed on

the concavo-convex surface cf the first optical laver, and a

second optical layer formed on the concavo-convex surface on

which the wavelength-selective reflective laver is formed so

as to fill the concavo-convex surface. In this optical

element, of licght incident on an incident surface theresof,

light in a specific wavelength band is selectively

directionally reflected, and at the same time, light other

than that in the specific wavelength can be transmitted.

Fig. 1A is & cress-sectional view illustrating a first

structural example of an optical element proposed by the

present inventors. As shown in Fig. 1A, this optical
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pretreatment is preferably performed with or without using the primer layer described above. As the
common physical pretreatment, for example, a plasma treatment or a corona treatment may be
mentioned. The optical film | may further include a barrier layer (not shown) on the incident surface
Si or the emission surface S2 to be adhered to an adherend, such as the window material 10, or
between the above surface and the wavelength-selective reflective layer 3. When the barrier layer is
provided as described above, diffusion of moisture from the incident surface Si or the emission surface
S2 to the wavelength-selective reflective layer 3 can be suppressed, and degradation of a metal and
the like contained in the wavelength-selective reflective layer 3 can be suppressed. As a result, the
durability of.the optical film | can be improved.  The gptical film 1 may further include a hard coat
layer B in%%L eKrl%p tI’m%grst s%lrjaetcﬁl%ré:sl”}gtﬁgaf”rll”EﬁeE an tﬁg jﬁE%Ptg tﬁqeagl?r%aecne% —ﬁgeoip?i%gllﬁ’i% 1. This hard

coat layer 8is preferakly fermed on oneof the-incident surface S1.and-the.emissippssurface S2 of the
optical film 1 opposite to that adhered to an adherend, such as the window material 10. The optical

film 1 prefefably has flexibility. siate ltacarbe easiljhadhered 1@ antadherénd; tsueh as the window
material 10. In_this case, a sheet is included in the category of the film. That is, an optical sheet may
also be inélfidé& it thefopticarfint 10 1 Frétgpticat flth Uehas GafdparéAcy: THeearsparency

preferablyt%aetzisg%s Ehevré;lpgenoJ tg{anssirpli%siog i@%g%glari%rg{ch will .bcea eslcgibeg Igter.rl 'I;ihe difference
in refractive index between the firet optlca??ayer and the secon%povpjtica Iayeny 5is pre?erably 0.010 or

less, more;preferably-0:008 o1 less; and.even mere preferably.0;005 of jess, ¥hen ﬁ@@ﬁefence in

refractive index is more than 0.010, the transmission image tends to blur. When the difference in
refractive inglex is in a range of more than 0.008 to 0.010, although depending on the outside
brightness, no problems may occur in daily life. When the difference in refractive index is in a range of
more than 0.005t6%.068: dithotigh ZPdiffractioh ipaitetn b 8Weky: bHERGHjEEQ sackF 8§ @light source,

is disturbing, an gutdoor scene can be clearly seen. When the diP‘erence in refractive index is 0.005 or
g. an utdoor sceqe can be clea } active n

I
less, the diffraction %g er?ﬁ%%r&lyo |stE E?né).pdfl the firs g&%% Ia?/lé(r}aoasne hé’second optical layer

5, the optigaldayerto:he,adhered to the windaw, material 10 onthelike may coptain a tacky agent as a
primary component. By the structure as described above, the optical film I can be adhered to the

window maiteniat 10 arrithé like by dne afithe first:optical layerd andithe seeond nptical layer 5, which
contains a tacky agent as a primary component. In addition, when the structure as described above is
formed, theedifféfente if fefractivetifideéx Etheltabky-Sgéntispreferalily iPthesrapgeesetibed above.

surface of a first optical layer 4. The wavelength-
gselective reflective layer 130 includes a high refractive
index layer 131 feormed on the concavo-convex surface of the
first optical layer 4, a metal layer 132 formed on the high
refractive index layver 131, and a high refractive index
layer 131 formed on the metal layer 132.

In the optical elements of the first and the second
structural examples described above, as a material for the
high refractive index layer 131, when a zinc oxide-based
compound {such as zinc oxlide (Znd) or zinc coxide added with
gallium (Ga) and an aluminum (Al) (hereinafter referred to
as "GAZO")) 1s used, cracks are liable to be generated in a

vertex area of a convex portion and/cr an inclined surface



The first optical layer 4 preferably has the same optical properties, such as the refractive index, as
those of the second optical layer 5. In more particular, the first optical layer 4 and the second optical
layer 5 are preferably formed of the same material which has transparency in the visible region. When
the first optical layer 4 and the second optical layer 5 are formed of the same material, the refractive
indexes thereof are equal to each other, and hence, the transparency of visible light can be improved.
However, even if the same material is used as a starting raw material, the refractive indexes of the
layers finally obtained may be different from each other due to curing conditions and the like in a film
forming process, and hence, a careful attention is necessary. On the other hand, when the first optical
layer 4 and t%% gecondgo%%ceal layer 5 are formed from different materials, since the refractive indexes
[

thereof aré different from each other: lightid refricted at 1 wavelengti-selechive Hitiective layer 3
functioning as the berdesand a trangmigsion image tends to blur, In particuar, when an object similar
to a point light sources, such as a distant electrical lamp, iS observed, a diffraction pattern is liable to
be clearly zohsésvediin agdition; ibardet 40 adjust thenrefrackve indexaiadue, an additive,may be
added to the first optical layer 4 and/or the second optical layer 5. The first optical layer 4 and the
second optieaFlhyers Bbth- preférably Rave frandpererey mlthiedvisSibieregiont wiscidentally, there are
two types of g?finiltions oEthe trarlség)grency that is, one defipition means no light absorption and the
other defidifién Reansno fight scattering. IRGEnera the fidhsparéndy indicateLorii§ tHé former:
however, the-optical;film, 1 according, to the first gmbodiment preferably has the above two optical
properties. Since a currently used retroreflector aims that reflected light reflected at a display, such as
a road sign or clesing of acight-tive worker candieseasily vawed, :exendt hawng seattering
properties, when the retroreflector is in close contact with an underlayer reflector, the reflected light
reflected théreby carisé ethetls ThiEIS the sameprinciple ias that imlwhighicforrexdmplé,dim order to
impart ant(i?giare &ropertifsrrev%n if an anti%ﬁre tkeatment having scattering properties is performed on
a front surface f-ar infiage dispiay abatatus® & image tanBEVieha2 However, e optical film 1
according #g the. first empqdipent Qgﬁ,ggga%%ogtrgrﬂﬁmit%@@&tggr thap Jight having a specific
wavelength, which is to be directionally reflected, and i$ adhered to a transmission object which
primarily feansmitsight havingdhisriransmission wavelengihoand the transmitteddight is observed,;
hence, the optical film 1 preferably has no light scattering properties. However, in accordance with the
application Ahescafidfing profisties wiaylbe imentionally smpafed to ihe seconukopticahlayer 5.

The optical film 1 is}sp,r%fierably used by adhesion thereof to a rigid body, such as the window material
10, havingj fraRSmiSsion propertie&priiary ™ fo-fransiiied light iaving S Wavélength other than the

specific wayelength; with atacky ageni igterposed,therebetygen, As the window material 10, for

example, a building window maferial for a high-rise building or a housing ora window material for a

vehicle may: be:mentionetl: When:beingapplied 4@ ahuildingiwindew, materialthe optical film 1 is
particularly preferably applied to the window material 10 arranged to face any direction between the
east to thé West tHrodgl thesdoifth (Seet aslin aay directionbetweenthersottiesest to the southwest).
The reason for this is that when the window material 10 is arranged at the position as described

above, heht V&8 Hibe thoté eifechivels TBfected “Fhd Gpticat film 1°caiibé t5Ba hoP6nkor a single
layer winday olass buf alsp 1ac.aspesial alass, such as gultlayen olass, In addiiag. the window
material 10 is not limited to a material formed of glass, and a polymer material having %ransparency
may also beusedethe opticaldayetZ ective metal layer satisfying the

performance is not present. This reason for this is

believed that the thickness of the wavelength-selective

reflective layer 130 on the concavo-convex shape is larger

at a vertex portion than that at a bottom portion by

approximately 2 times due te the influences of shadowing and

the 1ike. It was finally found that when the thickness of
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preferably has transparency in the visible region. The reason for this is that since the optical layer 2
has transparency as described above, when the optical film 1 is adhered to the window material 10,
such as window glass, visible light can be transmitted, and lighting by sunlight can be ensured. In
addition, as the surface to be adhered, besides an inside surface of the glass, an outside surface
thereof may also be used. In addition, the optical film 1 may be used together with another heat ray
shielding film, and for example, an optical absorption coating film may also be provided at the interface
between air and the optical film 1 (that is, on the outermost surface of the optical film 1). In addition,
the optical film 1 may also be used together with a hard coat layer, an ultraviolet protection layer, a
surface antiﬂ%flegﬁiggé%\éenyvangn g]iealikel. When bein%nusieg together with thegopti(,:al film 1, these
functional fayers afe prefarably Brovided at the iterface betwedi the®opticat filt $%and air. However,
since an ufiravialet proteation Jayeris-necessarily arranged closer to a,sun;side than the optical film 1,
when the optical film 1 is used on a window glass surface at an indoor side, the ultraviolet protection
layer is preferatily previded: betweerethiswiridoves glass surface anddbe optiealdilmds In this case, an
ultraviolet absorber may also be kneaded in a bonding layer provided between the window glass
surface arftPth@loptitafflm 22 O qAHeRlition, ikaéedrdance with the applicationsof the optical film 1,
the opticalvv\;‘ylr&l may bghgolg{rgd in order to impart design characteristics thereto. When the design

characteridtics is impartéd as deseribed above fheopticiFlaller3 s preférablyfolmEd %o absorb only
light in a specifi t d.wi ading renc ig. 4 is aperspective view
Showing e 1elatomaniE bbuen HeIdEL Tl madant an e aptcal i 1 st finesien on
reflected by theropticabfilnt1.0Fhe eptical filrad daswan insident sarface $kan mbich:light Lqis incident.
Of the light L incident on the incident surface Sl at an incident angle (0, 4)), the optical film 1
selectively-ditéctiohafly réffects:ightdacinadispedfic bveleagthrbandinadiredtion othes than a
specular rI%er(;Ct'on digectiont(-,o, O+1I§ISO while transmitting light L2 other than that in the specific
wavelength'band: Ifi dddition;-the Spticat fi 1%%%1%]{&%8%3?&]0%8 thé HgRTGther A hat in the
specific wayelength band. Asthedransparency, the transmission image clarity is preferably in the
range which will be described later. In this embodiment, O indicates an angle formed between a normal
11 to the incident surface Shand theincidenidight Lovéhe-reflecteddight 4,1 Ja addition, 0 indicates an
angle formed between a specific straight line 12 within the incident surface 51 and a component of the
incident lightlcosthérefleetedtight Lhprojeed on thebmcident surface Sicmeadditior, the specific
straight line 12C}évithin the igcident surface is an axis at which the reflection intensity in a 4) direction is

maximized Whentha tcidentangle (6.5 is-fixet BRAGRE optiSal HHAE btéted afound the normal
11 to the ingident surface, Sithereqf. However, when therg ef%qs‘%:e@%%%%gxeéolﬁg{?ncg%%?% at which

the reflection intensity’is maximized, one of them is selected as the straight’line on, an

angle O rotatedclockwise ataung:thenormat 41 is represented by 'gQY, and an angleyd rotated
anticlockwise is represented by "-0." An angle 4) rotated clockwise around the straight line 12 is

represent€d by r+{r and akrahghs 4 fotatecramticlockwisecismepresenteds by 8. as  The light in the

specific wavelength band which is selectively directionally reflected and the specific light to be
r%%%g%%*deﬁ%ﬁdfh@% fHe dppiication of e opticaffilnt 1. For-&fample, when the

transmitted ara
optical film 1.is applied to the window, material 10, the light in the specific wavelength band which is
selectively dimensionally reflected is preferably near-infrared light, and the speciﬁc wavelength to be
transmittegld$ preferably visikle tight In padiculagpthedight inmthespecific wavelengih ge

material, and further the film formation conditions of the

protective layer 133 are adjusted.

Embodiments of the present invention will be described
in the following order with reference to the drawings.

1. First Embodiment (Example in which structures are cne-

dimensionally arranged.)
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band which is selectively dimensionally reflected is preferably near-infrared light having a primary
wavelength band of 780 to 2,100 nm. By reflecting near-infrared light, when an optical element is
adhered to a window material, such as a glass window, an increase in temperature in a building can
be suppressed. Hence, air-conditioning cooling load can be reduced, and energy saving can be
performed. In this embodiment, the directional reflection indicates reflection in a specific direction other
than the specular reflection, and the intensity of the directional reflection is sufficiently higher than the
intensity of the diffuse reflection which has no directivity. In this embodiment, the reflection indicates
that the reflectance in a specific wavelength band, for example, in the near-infrared region, is

preferably 30% or more, more preferably 50% or more, and even more preferably 80% or more. The
transmissi%gﬁ ir%glgei> eCsI t'ﬁﬂélrﬁE t%gjpt%%%%it{éﬁ(@érﬁ%%f sp8citic waleRngH bt fegidf, fof 8xample, in the

visible regm&g@%@pyﬁg}%ﬁr{?@@z more preferably 50% or more, and even more preferably
70% or more. In the optical film I, a directional reflection direction o is preferably in a range of -90
to 90. TheYeasor fat thisHisdhatawhen( the-epiival film s adhereddgthe windawmaterial 10, of light
coming from the sky, light in a specific wavelength band can be returned in a skyward direction. When
there are & Rifghlfise Buildifgs insthe Vicinity) theeptcal film dsintthiswadgd is effective. In addition, the
directional 4reflgction %i]rec jon is 1Iglreferably in the vicinity of (0, -4)). The vicinity indicates preferably
within 5 frém (©°0) - thor8 Bri withitP3 et evert Frord peféfably WitRirs-“Ehe reason for this is
that when the range, of the directional rgfection direction is set as described above, and the optical film
1 is adhered to the window material 10, of light coming from the sky over buildings having
approximately eguivalentheightsehight in a specific wavelength band can be efficiently returned
skyward over the other buildings. In order to realize the directional reflection as described above, a
three-dimdrisSiong Setetné, Sichiasa partofla sphere, a part of a hyperbola, a triangular pyramid, a
quadrangular pyramid, or a cone, is preferably used. Light incident in a (0, 0) direction (-90<<90) can
be reflected in ag&é]rdar?é\e withth& sRage T4 106 60) direttion (6¥03¥00°260<0<90). Alternatively, a
columnar bedy,e¥epsiecdn ape drecton s preferable. Light ncidentn 20, 0) drection,(-90<0<00)
can be reflected in accordance with the inclined angle of the columnar shapein a %‘0, -) direction
(0<00<90xmbodit thenaptical filn: 1pthesdiractionakreflestion ofdight ina specific wavelength band is
preferably in the vicinity of retrorefiection, that is, the reflection direction of light in a specific
wavelengtiesandwith redpect 16 thellight anciderronl thelincidentsurfaoe Skatiarsihcitiehtangle (0, (1))
is preferabl¥ in the, vicinity of (O, 4)). The reason for this is that when the optical film 1 is adhered to the

window matéridi 1678f light 'doming Fdm e S GRGin A spetficWav&BRgtH ARt 445 be returned
skyward. InJhis embodment, he i s prefergbly i 5. more preferaby il 3, and even

more preferably within 2. The reason for this is that when the reflection ditection 18 within the range
describedsaboyet and the: optieal film 4 is.adbgred-tortheiwindew-material, 10.,0f-light coming from the
sky, light in a specific wavelength band can be efficiently returned skyward. In addition, when an
infrared radiatior-portion arreitd fightreceivingrportior are adjacehttoreach dther, stish as an infrared
sensor or an,infrared,imagin% device, the retroreflection direction is necessarily equal to the incident

direction: howeveF Whgh's 5 ot TeteESarfty peFfoifiéd int& pacific #iréttien as in the case of
the presepjnuention. dhe Letrareflectien dieciion may natbe st made gaual fo the ncident
direction.  In the optical film 1, the value of the fransmission image ¢ aﬁty measured using an optical
comb with-a midth-af:5 namdr awavelengtbbandhayving ansmission-properties; o

optical layer 2. The optical layer 2 includes a first

optical layer (also called a shaped resin layer) 4 having a

first surface of a concavo~convex surface shape and a second

optical layer (called an embedding resin layer) 5 having a

second surface of a concavo-convex shape. The interface

inside the cptical layer is formed from the first surface



is preferably 50 or more, more preferably 60 or more, and even more preferably 75 or more. When the
value of the transmission image clarity is less than 50, the transmission image tends to blur. When the
value is in a range of 50 to less than 60, although depending on the outside brightness, no problems
may occur in daily life. When the value is in a range of 60 to less than 75, although a diffraction pattern
of a very bright object, such as a light source, is disturbing, an outdoor scene can be clearly seen.
When the value is 75 or more, the diffraction pattern is hardly disturbing. Furthermore, the total value
of the transmission image clarity measured using an optical comb with a width of 0.125 mm, 0.5 mm,
1.0 mm, and 2.0 mm is preferably 230 or more, more preferably 270 or more, and even more
preferably 350 or. more. When the total value of the transmission image clarity is less than 230, the

transmission image tSRaS TS bIEFWRSER the BtaRRué f L fange ot 230 0legd th4ife70, although
dependin outs} rightn r s may.occur.in daily.life. When the total value is in a
range of %%%éb%ssgthg%%%g%ltﬁgﬁﬁ ép d%f?r%%é%dn p?gtr%eﬁ%%%ggr%ﬁbgfg h\é\%%je%%%ugcﬁaias a light
source, is dlisturbing; anl eutdeor-seeneicanbe sleady seen, When thedotal valueds 350.0r more, the
diffraction pattern is hardly disturbing. In this embodiment, the value of the transmission image clarity
is measuredriiaEcerdanteswiti-BIS KAVGE asinglEsM-1Fanamefactféd by Sugal Festinstruments
Co., Ltd. However, when a wavelength to be desirably transmitted is different from a 065 light-source

wavelength® M&aSudmERfis preferatsly peRSftied AReF c6rradtion’s petfotiediishigia filter for the

Wavelengt[lg%ole desirably rgggsr% ted. - O&thgaoptifg&f%rp \ afha%}%3 |c%1 a waé/ﬁlength band having
transmission properties is preferably 6% or léss, more preferably A% or ess, and even more

preferably,2060r dess: Theseasen {ar thisds shatwhen theshaze isinare than 6%, trangmitted light is
scattered and blurred. In this embodiment, the haze is measured in accordance with a measuring
method spegifiedVisy SIS KZ£36 usingeMe1s 0 inanufadteredaoyeMerakamis€dlec Research Laboratory
Co., Ltd. However, when a wavelength to be desirably transmitted is different from the 065 light-source

wavelength® ﬁ%e%%lﬁ?é’rﬁeﬁﬁigep?ef%r&tﬁy PRHBRTled aftef coREdtohtisiperforhdising a filter for the
wavelengtiyfo e desiably-tansmifted, The incident surface S1 of the optical film 1 has a smoothness

S0 as not to degrade the transmission image clarity, andpreferably, the'incident surface S1 and the
emission suface-52 bethihave thei sreeihness asdescribed ahove, lnparticular, amarithmetic
average roughness Ra of each of the incident surface Si and the emission surface S2 is preferably
0.08 gm ot Tessgiatore preferalsly OrG6 grenor fessfand even nidrerpreferably @4 nsnor tess. In
addition, theé arithmetic average roughness Ra described above is calculated as a roughness
parametef By nfdastfifg tﬁégﬁ‘rf&céﬁoﬁﬁ%g?%f the incident surface and obtaining a roughness

curve from a twordimensional profile curve. In addition, the. measurement conditions are set in
accordance with JIS 50601: 2051. A meéjs%ré“r%%gt agﬁ"&épia%usmgﬁ/d r%%%qﬁ?éméﬁccyo%%%lson% are shown

below.  sMeasureisentappasatus:ful-auteratie microprofilerneasuring instrument Surfcorder
ET4000A (manufactured by Kosaka Laboratory Ltd.) In addition, kc is set to 0.8 mm; an evaluation
length is st to dadmi avsutoff is setrto Sctihaes;cand a Hateesampling intetval iscget ¢@ 0.5 m.

film 1 may further includes a second base member 5a on the

incident surface 81 of the optical layer 2. When the first

base member 4a and/or the second base member 5a is included

in the optical £ilm 1 as described above, in the state in

which the first base member 4a and/or the second base member

S5a is formed as a part of the optical £ilm 1, the following

optical properties, such as transparency and a transmission

coleor, are preferably satisfied.

If necessary, the optical film 1 may further include a
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The transmission color of the optical film 1 is preferably as neutral as possible and, even if being
-colored, the transmission color preferably has a light color tone that appears cool, such as blue,
blue-green, or green. In order to obtain the color tone as described above, the chromaticity
coordinates x and y of the transmitted light incident on the incident surface Si, passing through the
optical layer 2 and the wavelength-selective reflective layer 3, and radiating from the emission surface
S2, and the chromaticity coordinates x and y of the reflected light preferably satisfy, for example,
0.20<x<0.35 and 0.20<y<0.40, more preferably 0.25<x<0.32 and 0.25<y<0.37, and even more
preferably 0.30<x<0.32 and 0.30<y<0.35 in the case of illumination of the D65 light source.
Furthermokge, in order.not to make the, color tone Ioolﬁjreddish y>x-0.02 is preferably satisfied, and y>x
[

is more prefarably Satisad. I addition® iFthe-reflsetion Fofor forté vaneS fith the fhcidért angle, for
example, when the-optical film ¢is appied 10 a building windew, itis pet preferable-singe the color

tone looks differently from place to place or appears to change when viewed during walking. In order
to suppressithe €hange imcolortaneas deseribed above; dhe abselute: value of the-difference in the
chromaticity coordinate x of light incident on the incident surface Si or the emission surface 52 at an
incident addle e iAzerapgéiotDitoBolENd specuiaieiediécied By thevopticarlayer 2 ahalthé 0,
wavelength-selective reflective layer 3 and the absolute value of the difference in the chromaticity

coordinate"y bf the liyHt Aré SacH preferdbly BT05 GRS, Mbre Preferabi .03t 9e4s dhd even more
preferably,Q,01 or, !ﬁ?&i%geafgﬂgn%ryi%@fﬁ Sf the optical film. 1. %xt?? ag@/e%f%merical limitations of
e

he chromaticity coordinates x and y of the reflected light are preferably satisfied for both the incident
surface Siranetheemission strfage S xaridereinafier- thedirst optical ayes4, thewsecand optical
layer 5, and the wavelength-selective reflective layer 3, which form the optical film 1, will be
sequentialh2dEscribedc{First Gptical Eayer> Second Optical Bayerp -coThefiest oplicaiiager 4 is a
layer, for examplg, to support and protect the wavelength-selective reflective layer 3. Since imparting

flexibility t6 te" Bptical filr 'L 1R fifst optical Tayer £ formedBR F8r eX3mpREA1afér Containing a

resin as aprimary fggg)pnggl& ﬁlora@(a@@ﬂ{e,(%ggpgetwgeg{gg@@/?seur ggsojf ‘%i girst optical layer 4
is a smooth surface, and the other surface is a concavo-convex surface (a first surface). The

wavelengthesedectiverrgflactiveJayer 3 is\formed:onsthisieencavengasvex surfageen +Hee second
optical layer 5 is a layer to protect the wavelength-selective reflective layer 3 by embedding the first

surface (cbrealiorconvexssurfacey of thesfirst opticat tayer 4rerewhich theweavelergth-selective
reflective layer 3 is formed. In order to impart the flexibility to the optical film 1, the second optical layer

5 is formel; for example, SFaa§Er EGmEiniga PEsinHs & BRmaRy compoheft: Fof 8kample, one of
the two primary Suirages of the secand.gpical layer 215 2 smooth surface, and e . e |

by simply peeling the peeling layer 7, the optical film 1
can be easily adhered to an adherend, such as the window
material 10, with the bonding layer 6 interpcsed
therebetween.

The cptical film 1 may further include a primer layer
(not shown) between the second base member 5a and the
bonding layer & and/or the second optical laver 5 in order
to improve bonding properties between the second base member
Sa and the bonding layer ¢ and/or the second optical laver 5.
In addition, in order to improve the bonding properties at

the same portion as described above, a common physical
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other surface is a concavo-convex surface (a second surface). The concavo-convex surface of the first
optical layer 4 and the concavo-convex surface of the second optical layer 5 have the relationship in
which the concavo-convex shapes are reversed to each other. The concavo-convex surface of the
first optical layer 4 is formed, for example, of at least two structures 4c which are one-dimensionally
arranged. The concavo-convex surface of the second optical layer 5 is formed, for example, of at least
two structures Sc which are one-dimensionally arranged (see Figs. 5A to 6B). Since the structure 4c of
the first optical layer 4 and the structure Sc of the second optical layer 5 are only different from each
other such that the concavo-convex shapes thereof are reversed, hereinafter, the structure 4c of the
first optical Iag/g[A will be described..  In the optical film 1, the pitch P of the structures 4c is, for
example, i a range of 5 pmtd 5 %%,emﬁge]rgb@gﬁ Arahge o‘”f%OPbrﬁ o At WoréSoreferably in a
range of 1 less.than 2 : e r rably in n t0.200.pm - When the pitch
of the strugt%%eziféﬁ%éss? %&#5%%%85 %Bﬁf@#?cgﬁg %%rm %(%egi}%d gé%rgéeg %‘négrb Jé%%llln addition, it is
also generatly diffieulirtonehtairosteep avaveiengih selestion preperiies of the wavelepgth-selective
reflective layer 3; hence, the transmission wavelength may be partially reflected in some cases. When
the reflectioheastdestlibed abeversehis)sitte diffraction is generated, and high-order reflection is
also viewed, the transparené:% tends to look not so good.addition, if the pitch of the structures 4c is

more than 5 mm-when'itie SAape ot the: QRICtar 4 Rcddsaty i the direétidHal téfféction is taken
into consiﬁq{gt&o%,%Qgge%gr)éggclgr}?gﬁpqugngqﬁjg%ee the flgégibjji LiS é?n%(tjs and as a result, it
iff yid body, s

becomes difficult to adhere the optical film 1 to a rigi y, such as the win ow material 10. In
addition, whenrthepitch of copsave pertiansts sghtosless thani25@ wssince the dlexihility js further
increased, a roll-to-roll manufacturing process can be easily performed, and a batch manufacturing
process may ot belnedessany. eordetno bpplyethe wpticaldlenrentadcarding to an embodiment of
the present invention to building materials, such as a window, the r%ﬁical element is necessary to have

a length of’agpi %ﬁ&r@ﬁ&&%‘?&ﬁﬁ@t&?ﬁéﬁ&ﬁéﬁ@e,Ja%fﬁ%ioﬁron Hiftadtlifing PFocess is suitably
performec ayer than a,halch DATLIaCiUNG piocess, ., 1 adlion, e shape of e Stcture 4c

formed in the surface of the first optical layer 4 is not limited to oné type, and the structres 4c may be

formed in thecsurface ofrtbedisstroptieaklayer 410 haveat least two types of shapes,When the
structures 4c having at least two types of shapes are formed in the surface, a predetermined pattern

formed of the stractares e havingat teast twe fypestéfrshabesanay beperiodically repeated. In
~addition, depending on desired properties, the structures 4c having at least two types of shapes may

be randowﬁ%}?&ﬁﬁec’dsfacﬁferiﬁlai%aﬂ§ﬁfadatlon of a metal and the like

contained in the wavelength-selective reflective laver 3 can
be guppressed. As a result, the durability of the optical
fiim 1 can be improved.

The optical film I may further include a hard coat
layer 8 in order to Impart scratch resistance and the like
to the surface of the optical £ilm 1. This hard coat layer
8 1s preferably formed on one of the incident surface 31 and
the emission surface S2 of the optical film 1 opposite to
that adhered teo an adherend, such as the window material 10.

The optical film 1 preferably has flexibility since it
can be easily adhered to an adherend, such as the window

material 10. In this case, a sheet is included in the



Figs, SA to 50 are perspective views each showing a shape example of the structure formed in the first
optical layer. The structures 4c are each a columnar concave portion extended in one direction and
are one-dimensionally arranged in one direction. Since being formed on the structures 4c, the
wavelength-selective reflective layer 3 has the same shape as the surface shape of the structures 4c.
As the shape of the structure 4c, for example, there may be mentioned a prism shape shown in Fig.
5A, a shape having a round portion at a valley between prisms shown in Fig. 58, a lenticular shape
shown in Fig. 50, or a reversed shape thereof. In this case, the lenticular shape indicates a shape in
which the cross-section perpendicular to a ridgeline of the convex portion is a part of an arc shape or
an almostgécc shag)%, aonfelli%tic arc sharﬁ or an almost elliptical arc ha%)e, or a parabolic shape or
an almost parabolic’shape. Thefefore; a cyfindrical ‘shape i€ SI%%acatggb@r 'odifi ¥hé fetiticlfar shape. In

addition, a;rouind.ghape (R)may, be fermed-at g riggeline portion, and the ratio R/P, that is, the ratio of
a curvature radius R to the pitch P of the structure 4c is preferably 7% or less, more preferably 5% or

less, and even nidre prefetalaly 394 onlesshIbetshapemf the: structure.4c is-peidimitechtothe shapes
shown in Figs. 5A to SC and the reversed shapes thereof, and a toroidal shape, a hyperbolic columnar
shape, an®lptRaP oluniddrishabes apotlygorial eoinriaishapesanda fisexfrmcshapetmay also be
used. In addition, the.vertex of the prism shape or the leriticular shape may be formed to have a
polygonal Ja‘iﬁg (g&c\ﬁaé% p%%%é:%rﬂf’a?%hgﬁ%)?ﬁvhegﬂﬁee %&ﬁ?@%@% fHimEG 3 Rave Bprism
shape, anjnglined-angle 0-0fthe pAsmsshapad; stiucture Ac.is 45 guthe like, applied to the
window material 10, the structure 4c preferably has a flat surface or a curved surface having an
inclined angle of 45 drayete if ordeptoseturadight coming fremitheskynin askyward dirpetion as much
as possible by reflection. The reason the shape as described above is formed is that since the incident
light is alnfost t&tupied SREvardisy 61E Peflectin pavieieif die ieflectihzewf the aaveldfigtinselective

reflective I@t{gr g is ?ot S0 hifgh, the ingiden{g li%ht can be efficiently reflected in a skyward direction, and
light absorptioni the Wavelength-58tetive reffective et 3 Ciithe retiuted: ©+1n abiftion, as shown

in Fig. 6Athe siphcture 4¢ may have gnasymmetric,shapg with respest ta-the normal 11 to the
incident surface 31 or the emission surface S2 of the optical film 1. In this case, a primary axis Im of
the structure #esis iriclinedrinan arsarigementdirastion a-ef:tbe stiusture dgavith-respectto the normal
it. Here, the primary axis Im of the structure 4c indicates a straight line passing through a central point
of the baselof & eress- seetich b thelstiltturedEantt therdartenthereofnWhencthesoptical film 1 is
adhered to the window material 10 arranged a%E%roximatel _perpendicular to the ground, as shown in

Fig. 6B, tHEFrifRan 4xis In Gt the structiire 4878 Bref&fant incinéd oa toersidé tgrotind side) of
the windowimaterial 10 with respect (oAhg noxmal 11. The reason fgr Higis @%iﬁﬁg%%eral’ since a

larger amount of heat enters through a window about in early afternoon, and t t of the sun is

larger thad anfangle 0645 in fanyrcases: by asingthe ghapeiseseribed abave, dight incident at these
high angles as described above can be efficiently reflected upward. An asymmetrical prism shape of

the structie U with +Estict f telnarmalrl 108 shown y-way of exampleciheRigs v6/A and 6B. In
addition, the structure 4c having a shape other than a prism shape may also have an asymmetrical

shape with t&&pect fo %ﬁgﬁﬁgﬂcﬁ r EXanTpie, o Eorhf Eibe Body ey Fave &% Ssymmetric
shape withfespect {9 the-ngrmal li. . . The firgtgptical @yg%ﬂj%eif%qbly Hely eﬁs tla%c;r&stsir% as a primary
es

component in which a decrease in storage modulus at 100C is small’and in whic orage modulus
at 25C is netdonsiderably-different fromethat ab300G i particulana-resjn having @.sterage modulus
of 3x109 Pa or less at 25C and a storage modulus of 3x109 Pa or more at 100C is preferably
ayuamediﬁyaadm@npgﬂﬁﬂ@mQﬂgn@o the window material 10 or the like

may contain a tacky agent as a primary component. By the
structure as described sbove, the optical film 1 can be
adhered to the window material 10 or the like by one of the
first optical layer 4 and the second optical layer 5, which

contains a tacky agent as a primary component. In additiocon,
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preferably formed of one type resin, the first optical layer 4 may include at least two types of resins. In
addition, if necessary, at least one additive may be contained. When a resin is used as a primary
component in which a decrease in storage modulus at 100C is small and the storage modulus at 25C
and that at 100C are not so much different from each other, even when a process including heating
with or without pressure application is performed after the formation of the concavo-convex surface
(the first surface) of the first optical layer 4, a designed interface shape can be mostly maintained. On
the other hand, when a resin is used as a primary component in which a decrease in storage modulus
at 100C is large and the storage modulus at 25C and that at 100C are significantly different from each
other, a d%%%@le%knéeg%ge %ha I:eeisacsg)ngiderablg deformed, and faor example, l'glhe optical film 1 may be
curled in some cases. - ~-AS the process Heiding Reating, besides  PrstessSuch as an annealing
treatment Jn svhich heat is directy applied ta the.gptical film. l@geggs%@ﬂkmfgﬂbefs thereof, for
example, there may be mentioned a process in which when a thin film iS formed or a resin composition
is cured, the¢empetatyreiof e fikn formirg Sedace isdacallydnereased and is indirectly applied to the
thin film or the resin composition and a process in which the temperature of a mold is increased by
energy ray radiatibff and’s indiekily applied forart obticdl il ivadditory, the ®ffeet obtained by
limiting the nggncer'fal valuel[%rjl_%e of the %torage odulus described above is not particularly limited to

m
a specific Bpe of resi-and tar b ‘obtainad Front &fy fype 6fa thermopistic résin -4 ¥&rmosetting
resin, and.an eperayJay.cyrable resin. 1, fhe sforage modulus of the first opticallayer 4 can be

confirmed, for example, as described below. When the surface of the first optical layer 4 is exposed,
the storagéimedulusof its expased surfacei cah beconfirmied by naeasurement Bsingsa microhardness
tester. In addition, when the first base member 4a or the like is formed on the surface of the first optical
layer 4, afféithe fitstibasehBfber Ba'drehé fike isidsled off tolekpbséaatse surface of the first optical
layer 4, the storage modulus of the ex os,e%dhsurface,can be confirmed by measurement using a

microhardness tester =¥ Asa method for SUppresding a detfeae it oduitieaC® higtftemperature,
in the case of a.thermoplastic resin, Jarexypple, 8 method fer 3@85@%‘3&[‘@%@83"%@@6‘ side chain or

the type thereof may be mentioned, and in the case of a thermosetting resin and an energy ray curable
resin, for examaplez aswethod fehadjusting the: rumbereteross-linking points angthe mejecular
structure of a cross-linking agent
each other, and hence, the transparency of visible light can
be improved. However, even if the same material is used as
a starting raw material, the refractive indexes of the
layers finally obtained may be different from each other due
to curing conditions and the like in a film forming process,
and hence, a careful attention i1s necessary. On the other
hand, when the first optical layver 4 and the second optical
layer 5 are formed from different materials, since the
refractive indexes thereof are different from each other,
light is refracted at the wavelength-selective reflective
layer 3 functioning as the border, and a transmission image
tends to blur. In particular, when an object similar to a

point light sources, such as a distant electrical lamp, is

observed, a diffraction pattern is liable to be clearly
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may be mentioned. However, it is preferable that necessary performance of a resin material itself is
not degraded by the structural change as describe. For example, depending on the type of
cross-linking agent, a resin may become fragile since the modulus thereof at approximately room
temperature is increased, and a film may be warped or curled since the shrinkage thereof is increased;
hence, the type of cross-linking agent is appropriately selected in accordance with desired properties.
When the first optical layer 4 includes a crystalline polymer material as a primary component, a resin is
preferably used as a primary component in which the glass transition point is higher than the highest
temperature in a manufacturing process and a decrease in storage modulus at the highest

temperatur é@%h@g@gnu?gttg@&@rocess is small. On the other hand, if a re?n is used in which the

glass tranSiion pomt is in 4 range of & réom tefmperature of 25C {6 the Righe&t teperture in a

manufacturing-progess and a-decrease instorage modulisatthe highest temperature in the
manufacturing process is large, it becomes difficult to maintain a designed ideal interface shape in the
manufacturingeprotess.d / cWhenethedirstrapticat layei 4 incledessan amorphous polymer material as a
primary component, a resin is preferably used as a primary component in which the melting point is

higher than the HifRedtitEmperatiicinla hafftifacturig pidcess arera deeredse in sfrage modulus at

the highest t m@gratgref@xtgg lmagllg%ctugigg process is small. Qn the other hand, if a resin is used in
which the mélting point Is'in & range of a rdom temperatdire of tafﬁ'ﬁelﬁégﬁesﬁetgﬁn%%rature ina

manufacturing Brocess apd a.degrease in storage, modulus atlhe highest temperafyre in the

manufacturing process is large, a designed ideal interface shape may be difficult to be maintained in
the manufacturingepreness. thinthis embedindert the-highesitenperature ¢4na manufacturing
process indicates the highest temperature of the concavo-convex surface (the first surface) of the first
optical lay®? 2GKkke Aiarmitsctlifify pFocessdR s picférableiwhan the sééaid-optical layer 5 also

satisfies tge n{?@evrica}l valu% raeng%e of thf stgti%ge modulus and the temperature ranr;E%q the glass
transition POt described abover S That is- At lehSFORE Bf e Hirst-Opticat Iayer 3 and fhiéSsecond
optical layes 5preferablycoptains asesin-having a storage medulys of 3x109 Pa or Jess at 25C. The
reason for this is that since the flexibility can be imparted to the optical film 1 at a room temperature of
25C, the eptivatifitve heam be feanufactuned: by rerolite-rell manufaciuring methed r+ 1 Jhe first base
member 4a and the second base member 5a have, for example, transparency. Although the base
member prefeFably Has e il Shapes kdorkiek tinsdart fiéxibiliaiothe opticakfiiieL thd base member
iS not par '%“ul%r%y Ir[mr# d to this shape. éqs a material for the first base member 4a and the second base

SpIsCA Ednthion paiyPrerHateTial hay bePudétf A thEcommon FotytHer material,

member 5&, Tor exa
for example; tgeﬁgwb@im@n%%il,tri%%%%yhfee"g%%l(%?%e%gglyeé%%rp%’sEEm; gyletnylene
terephthalate) (PET), a polyimide (PI), a polyamide (PA), an aramid, a polyethylene (PE),

polyacrylate za pelyethersuliane; aipalysuione, ampsolypropylene (BP).ca-diagetyl celilese, a poly(vinyl
chloride), an acryl resin (PMMA), a polycarbonate (PC), an epoxy resin, a urea resin, a urethane resin,
or a melafifid fesin;Howe v, thedsoliRge materal $shiotpartibglay filmitedad the abbve materials. In
view of the Fgoductivcijty, he thickness of the first base mempber 4a and that of the second base

member 5a are cach preférabiyin @ range of 8157100 pi’ Rowevér Thé fickresstis hbt fimited
thereto. The fgthasemembek daand the sgopod base member. Sa.sqen,welerably haye energy ray

transparency. The reason for this is that as describe below, an energy ray curable resin provided
between theowavelergih-selective feflectivedayer=3-and the first base member4a of the second base

member 5a can be cured by
properties is performed on a front surface of an image
display apparatus, an image can be viewed. However, the
optical film 1 according to the first embodiment has a
feature of transmitting light other than light having a

specific wavelength, which is to be directionally reflected,

and is adhered to a transmission object which primarily

- 27 -



irradiation of energy rays from the first base member 4a or the second base member Sa side.  The
first optical layer 4 and the second optical layer 5 have, for example, transparency. The first optical
layer 4 and the second optical layer 5 can be obtained, for example, by curing a resin composition. As
the resin composition, in view of the ease of manufacture, an energy ray curable resin to be cured by
light, electron rays, or the like or a thermosetting resin to be cured by heat is preferably used. As the
energy ray curable resin, a photosensitive resin composition to be cured by light is preferable, and an
ultraviolet curable resin composition to be cured by ultraviolet light is most preferable. In order to
improve the adhesion between the wavelength-selective reflective layer 3 and the first optical layer 4
or the squ@% 0 g{ilcl:%lslaxer ?—i th% resin COE‘}P:PSSMQP %referabljy further c%ntains a compound containing

i¢ fid ebhtaifiRg bufifFolactone.

phosphoric acid, & compound containing sucdinic acid, andror 3 cMpo
As the corpaund centaining phesphorig-acid, o example, a (meth)acrylate contajning phosphoric
acid may be used, and a (meth)acrylic monomer containing phosphoric acid as a functional group or
an oligomer-therecfirhay bepreferahly usedcAs the campound €ontairing sueeinicacid,ifer example, a
(meth)acrylate containing succinic acid may be used, and a (meth)acrylic monomer containing
succinic agfecas 4 dimciotal §rotipcoraieligoridtherédfendcbé praterably uebe rA¢ e compound
containin gutygoéa%tro}nehfgr exam le, a metjg%%cr_ylatq containing butgrqlactone may be used, and a
(meth)acrylic monomer containing bltyrBlactons as 3 functionar grotp &t arr diigdmérthereof may be

preferably used.r, < The uitrayviolet:curable;resin compasition cantains, for example, a (meth)acrylate
and a photopolymerization initiator. In addition, if necessary, the ultraviolet curable resin composition
may furthertreontain alight stabjlizerpadlamestetardes, a leveling agentianantioxidant, and the like.
As the acrylate, a monomer having at least two (meth)acryloyl groups and/or an oligomer thereof is
preferably dsee} As th B RS feP anBIo RS bligomet iieraaf. fortexarfie satéthdne (meth)acrylate,
an epoxy (meth)acrylate, a polyester (meth)acrylate, a polyol (meth)acrylate, a polyether
(m eth)acr;g/lrégeg,]go r%agr‘ﬁlepa% i% evf?n\éefﬁ)ér&%/ﬁé?teo 4y Bettﬁ%%. Fe, THE (mett)abRiGv el indicates
one of anaceyloy graup and a.methacrvloyl group.Inthis embadiment, the.oligomer indjcates a
molecule having a molecular weight in a range of 500 to 60,000.  As the photopolymerization
initiator, arcorepaduid appropriatelkselected fromicommen materals may be usedsAs the common
material, for example, a benzophenone derivative, an acetophenone derivative, and an anthraquinone
derivativeth&y: bé Lz daiéde 6P ih combinatios 1Tise amountdhtievpalyrnerizatiorfinitiator is
preferablyvigh%{:ainge of O.% to 10rPercent<£)y mass in a solid content. When the amount is less than 0.1
is

percent by mass, phofoturabifty is degraded, gﬁ&%éﬁﬂ:ﬁﬂinﬁﬁgﬁiﬁ?aro%%cﬁomﬁéfﬁ&%e suitably
performed, Qe pther hand, when the amount of te polymerization initiatqr, is more than 10 percent

by mass, and the amount of irradiation light is small, an odor tends to remain |)r/1 a coating film. In this
case, the sokid eententindigstes all the compenentsforming:ai euredthard coatlayer.dn particular, for
example, an acrylate, a photopolymerization initiator, and the like are collectively called the solid
content. f2A%esin o Which thecstrictiirecsan bé& transfebretichytbisergy ay irradiation, Heat, and the
like is preferale used, and as Jong as the above-described request for the refractive index is satisfied,

any type Sftesin, forexaniple; & hea¥ crabfe TesioP & 16iiZing radiafionh Lhfble Hésif 86ich as a
vinyl resin.gr.an epoxy resinyQr a.thermoplastic rgsin sugh.as_polycarbonate or.acrylate may be used.

material 10 is arranged at the position as described above,
heat rays can be more effectively reflected. The optical
film 1 can be used not only for a single layer window glass
but alsc for a special glass, such as a multilayer glass.
In addition, the window material 10 is not limited to a
material formed of glass, and a polymer material having

Transparency may also be used. The optical layer 2



An oligomer may be added in order to decrease the curing shrinkage. A polyisocyanate or the like may
also be included as a curing agent. In addition, in consideration of adhesion to the first optical layer 4
and the second optical layer 5, at least one of a monomer having a hydroxyl group, a carboxyl group,
or a phosphoric group; a polyalcohol compound; a carboxylic acid; a silane, an aluminum or a titanium
coupling agent; and various chelating agents may also be added. The resin composition preferably
further contains a cross-linking agent. As this cross-linking agent, in particular, a cyclic cross-linking
agent is preferably used. The reason for this is that by using a cross-linking agent, heat resistance can
be imparted to the resin without considerably changing the storage modulus at room temperature. if

the storag l# r temperature consideraply changes, the optical film | will become fragile,
and produ%%r%% %%efgp;?%ﬁ fii%rﬁ %FBS% ag fglﬁf:oxfro“lf]prgggssv 6r§] ﬁe%ﬁ(e%eg%%%lés diltrrllé\é%lt. As the cyclic
cross-linking agent, for-example; there may; be saentioned-dioxane glygeldiacrylate, tricyclodecane
dimethanol diacrylate, tricyclodecane dimethanol dimethacrylate, ethylene oxide-modified isocyanuric
acid diacrylate; etlyiene pxiele-meodifiedlisatyanarie acichtriacytate por:-caprblacianemodified
tris(acryloxyethyl) isocyanurate.  The first base member 4a or the second base member 5a

preferably e et waler vApSFPEnSHissiohirate thanthat ofthe ir8Csptical B§/@r 4 or the second
optical layer 5.,For example, when the first optical layer 4 is formed from an energy.ray curable resin,
such as a)(&ésth}g%é g% ggce, ﬁ?enfirbs? basé rrlﬁglrﬁ%%re % isagr%fgr%%%féprﬁeg,yfo?%rﬁ%rjh% et, of a

poly(ethyleng terephthalate)(PET)-having energy ray transmission propesties andialower water vapor
transmission rate than that of the first optical layer 4. Accordingly, diffusion of moisture from the
incident sifacelSi arthe emission surface 32 fo the wavekength:selective reflective dayer 3 can be
suppressed, so that degradation of a metal or the like contained in the wavelength-selective reflective
layer 3 can'Ber&ippredsed THeréfdret 3R& durability of the optical film 1 can be improved. In addition,

the water vapor ggnsm{ijsf%on rate lf}a PE]; havitfgﬂihicliness ofg5 pim ia raggé%;g[iﬁgéely 10 g/m2 /day

(4000, 90% RH). Eiliflls pr%?@rhb & that &t least one of the firat’ optelacaLIl“F'éaye € second optical

layer 5 includes a functionahgroup-having highpalarity, apd t@{&h%ssem&%ﬁ@@?f in,the first optical
layer 4 is different from that in the second optical layer 5. It is preferable that the first optical layer 4
and the segond-egticabayep 5iboth coataimg phosphore acitls compound,(sueh asta phesphoric
ester), and that the content thereof in the first optical layer 4 is different from that in the second optical
layer 5. TR ESAtEREST R PHOSFROMC dcidcdnituriFihithe firstoptical (that is, on

the cutermost surface of the optical film 1). In addition,
the optical film 1 may alsc be used together with a hard
coat layer, an ultravioclet protection layer, a surface
antireflective layer, and the like. When being used
together with the optical film 1, these functional lavers
are preferably provided at the interface between the optical
film 1 and air. However, since an ultraviolet protection
layer 1s necessarily arranged closer to a sun side than the
cptical film 1, when the optical film 1 1s used on a window
glass surface at an indoor side, the ultraviolet protection
layer is preferably provided between this window glass
surface and the optical film 1. In this case, an

ultraviolet absorber may also be kneaded in a bonding layer
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layer 4 is preferably different from that in the second optical layer 5 by two times or more, more
preferably 5 .es or more, and even more preferably by 10 times or more.  When at least one of the
first optical layer 4 and the second optical layer 5 contains a phosphoric acid compound, the
wavelength-selective reflective layer 3 preferably contains an oxide, a nitride, or an oxynitride in a
surface thereof which is in contact with at least one of the first optical layer 4 and the second optical
layer 5 which contains a phosphoric acid compound. In particular, the wavelength-selective reflective
layer 3 preferably has a layer containing zinc oxide or a niobium oxide which is in contact with at least
one of the first optical layer 4 and the second optical layer 5 which contains a phosphoric acid
compound, The.r Pf r this is tg |m8rov§ the dheS|on be éween at Iea t one of these optical layers
and the wgvecieng% hose e%tlve STeflsctive Tayery. ?nsceslﬁﬁj Hirig 88Sign ﬁa%&é‘ﬁﬁﬂcs to the optical
film 1, the window material 10, and the like, at Ieast one of the first optical layer 4 and the second
optical layer 5 preferably has properties of absorbing light having a specific wavelength in the visible
region. AlthoughZapigreitt obe dispersed inithecresin mayte-anypene ohan orgaticbased pigment
and an inorganic-based pigment, in particular, an inorganic pigment having inherent high weather
resistance”B préfetabily tised: In@@ru@@l‘é#%ﬁei&rﬁ@lé there rhay be hearitidned inerganic pigments,

such as ZILCOH ray (Co, Ni-doped.ZrSiO raseod ellow (Pr-doped ZrS|O4) chromium
titanium yelfow g/‘étb-élope 57 %lr:acR)ﬁ dopet ?‘%ﬁ/ Gie gré&F {sudheasier263), peacock

blue ((CoZn)QAICH203).¢ iggor@sgrfﬁga(%ég)%%s)dggé&kllki%&og%@pe% Bi02) anadym zirconium

blue (V-doped ZrSiO4), chrome tin pink (Cr-doped CaO-Sn02-5i02), manganese pink

Al203), aricksaimoh pisk fre-toped ZrSi4)and osgamis pigmentsysuchyas an-aze pigment and a
phthalocyanine pigment. (Wavelength-Selective Reflective Layer) The wavelength-selective reflective
|ayer3isspecific wavelength band without degrading the transparency.

Fig. 4 is a perspective view showing the relationship
between incident light incident on the optical film 1 and
reflected light reflected by the optical film 1. The
optical film 1 has an incident surface S1 on which light L
is incident. Of the light 1 incident on the incident
surface S1 at an incident angle (8, ¢), the optical film 1
selectively directioconally reflects light 1L, in a specific
wavelength band in a direction other than a specular
reflection direction (-6, ¢+180°) while transmitting light L
other than that in the specific wavelength band. In
addition, the optical film 1 has transparency to the light
other than that in the specific wavelength band. As the
transparency, the transmission image clarity is preferably
in the range which will be described later. In this
embodiment, 6 indicates an angle formed between a normal 1,

to the incident surface S1 and the incident light L or the

reflected light L;. In addition, ¢ indicates an angle formed
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preferably a wavelength-selective reflective layer which selectively directionally reflects light in a
specific wavelength band while transmitting light other than that in the specific wavelength band. The
reason for this is that when the optical film 1 is adhered to an adherend, such as a window material,
light in the specific wavelength band is prevented from entering a predetermined space by directional
reflection, and light other than that in the specific wavelength band can be introduced into the
predetermined space. Fig. 7A is a cross-sectional view showing one structural example of the
wavelength-selective reflective layer 3. As shown in Fig. 7A, the wavelength-selective reflective layer
3 has a laminate structure in which a metal layer 32, a protective layer 33, and a high refractive index
layer 31 a ee%%%ueergtig"% Iamin?ted on the, cor;ca%/o-conyex surface of the first optical layer 4. In

addition, if necessary at least two of the abbve IAmiate’stiictdrds mAy belarmititéd to form the
wavelengty-selectivesefiagtive.layer 3, \When at least two of the.ahove laminate strygjures are
laminated as described above, the wavelength selectivity can be enhanced. Fig. 73 is a
cross-sectignal vieve shdwinigranother stiuctueal example of theiwavelergthselective reflegtive layer 3.
As shown in Fig. 73, the wavelength-selective reflective layer 3 may further include another high
refractive Ffdex laydt 31-hswEenthé consavaéahvex strfack: ofithelfirst optical tayerdrand the metal
layer 32. Whg@ tf(l:e high refractive index I%yer 31 is further included as described above, reflection of

pres OTHE rEREctivRinGEX o the i Téttactiveinded layer 31 is

LT . 1 e, T an 4
visible Ilgh% canbe further suppressg&
preferablyds AJange.of 1.7 0.2 & Thedeliacive index deseribed abaue s gorg preferably in a range
of 1.8 to 2.6 and even more preferably in a range of 1.9 to 2.6. The réason for this is that the
antireflectibisindhe ¥isible regionis tealizablerbya fikn havingeaisemall thickaess inwhich no cracks
are likely to be generated. In this case, the refractive index is at a wavelength of 550 nm. The high
refractive indeClaljee31 is-a ayer containing, for exbmpie a melaloxiteras alprimarycomponent. As
the metal oxide, |tn arggggo gleduce a stress of the Jayer and to suppress the generation of cracks, a

metal oxid& Sthar thar Zinc oXide s preferaniy G5ed i patticdidr &t 16ait ohs Sefdctddfrom the group
consisting:ofnishiyenodde {syclyas pigbiun pepowide atalug gxde such g5 fantalum pentoxide)
and titanium oxide is preferably used. The thickness of the high refractive index layer 31 is preferably
in a rangesaf10; tert2Q aes: more preferably:in sorange:of 1040409 r: and @vendngrg;preferably in a
range of 10 to 80 nm. When the thickness is less than 10 nm, visible light tends to be easily reflected.
On the otligi g, Whenthsthickness 5 more e L20inky a'détteaseain tansmittancé and the

generation of cracgs are liable to occur.
rotated anticlockwise 1s represented by “-6." An angle ¢

rotated clockwise around the straight line 1; is represented
by "+6", and an angle ¢ rotated anticlockwise is represented
by "-6".

The light in the specific wavelength band which is
selectively directicnally reflected and the specific light
to be transmitted are changed depending on the application
of the optical f£film 1. For example, when the optical film 1
is applied to the window material 10, the light in the
specific wavelength band which is selectively dimensionally
reflected is preferably near-infrared light, and the
specific wavelength to be transmitted is preferably visible

light. In particular, the light in the specific wavelength
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As the metal layer 32, for example, a metal material having a high reflectance in the infrared region
may be used. As the metal material described above, for example, an elemental substance, such as
Au, Ag, Cu, Al, Ni, Cr, Ti, Pd, Co, Si, Ta, W, Mo, or Ge, or an alloy containing at least two of the
elemental substances mentioned above is contained as a primary component. In addition, in
consideration of the practicability of the above metal material, a Ag-based, a Cu-based, an Al-based,
a Si-based, or a Ge-based metal material is preferably used among those mentioned above. In
addition, when an alloy is used as a material for the metal layer 32, the metal layer 32 preferably
contains as a primary component AICu, AlTi, AICr, AlCo, AINdCu, AlMgSi, AgPdCu, AgPdTi, AgCuTi,
AgPdCa, égP M&A(?Iil?dFe, AgNdCu,, Agglr!l?;i, %ﬁr SiB, or the like. In addition, in.order to suppress
corrosion of the etal Tayet 325 athaterial SuCh &S T BRdfor-Nd,i§ prétekably ddded to the metal layer
32. In particular, when A is,ysed.as a.materialior the, metal layer, 32, the abayermentioned material is
preferably added. In addition, the thickness of the metal layéer 32'is preferably in a rarnge of 6 to 30 nm,
more preferaidy infa rEggeref 72t012% nAy andmyvendnoes:-preferablsin-a rangerefd to:20.6m. When
the thickness is less than 6 nm, since the metal of the metal layer 32 becomes in the form of islands or
grains, thé' fefle cBfurielie s Hidredt w8 tto degraties GriltHecother handwhert #e thickness is more
than 30 nm, the transmitﬁnce tends to decrease.  The protective layer 33 is a protective layer which

suppresses the degradation sf the HEtar lay8r 33T §%t8p b formiy thie High reflactive index layer
31. As the protective layer 33, for example.a ZnQrbased oxide primarily £8W§ee§£ pumgtal oxide

containing at least an oxide of Zn'is used. As the ZnO-based oxide, for exa , at least one selected

from the greupicensisting ekzineexidexZn0) gatium (Ga) and aduminum,(AFdeped zinc oxide
(GAZO), aluminum (Al)-doped zinc oxide (AZO), and gallium (Ga)-doped zinc oxide (GAZO) may be
used. Thelthickhéss eftibechrotattive Tayerdaris préferably e 4 Yangd ofi3 tod0aams more preferably
in arange Oféto 20 nm, and even more, preferably in a range of 5 to 15 nm. When the thickness is

less than 3%im; 3h& hrétal Ray8r 55 téridstto degrade P The B of forting ffe AlgRTefraktive index
layer 31. Qn the, eﬁa%h,angnwh@ﬂéh%@g%%eﬁ)sW@ﬁ@aﬁ@ef}m(i IRgks géefﬁ%%'% 9 pe generated.

This layer may also contain at least one dopant, such as aluminum (Al) or gallium (Ga) as described
above. Thesreasa {oritbists ghat:winen-thenhigh refsactivedndex layer 3inwhichsis a-metal oxide layer,

is formed by a sputtering method or the like, the film quality and the smoothness are improved.

(Function ot OpticaliFiimyhich has no directivity. In this embodiment,
the reflection indicates that the reflectance in a specific
wavelength band, for example, in the near-infrared region,
is preferably 30% or more, more preferably 50% or more, and
even more preferably 80% or more. The transmission
indicates that the transmittance in a specific wavelength
band region, for example, in the visible region, is
preferably 30% or more, more preferably 50% or more, and
even more preferably 70% or more.

In the optical film 1, a directioconal reflection

direction ¢o is preferably in a range of -9%0° to 90°. The
reason for this is that when the optical film 1 is adhered

toe the window material 10, of light coming from the sky,

light in a specific wavelength band can be returned in a
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Figs. 8A and 83 are cross-sectional views each illustrating one example of the function of an optical
film. Here, the case in which the structure has a prism shape of an inclined angle of 45 will be
described by way of example. As shown in Fig. 8A, although some of near-infrared light Li of sunlight
incident on this optical film 1 is directionally reflected skyward in a direction approximately equivalent
to the incident direction, visible light L2 transmits the optical film I.  In addition, as shown in Fig. 8B,
the light incident on the optical film 1 and reflected on the reflective layer surface of the
wavelength-selective reflective layer 3 is separated into a component LA reflected skyward and a
component LB not reflected skyward at a ratio in accordance with the incident angle. In addition, after
being spec%l%Iarly reflected at the interface between the second optical layer 5 and air, the component

LB not refleétet s 4 F& Hin&ly refldofed ih Edifedtion different ffofmthe iRGideAtdifsetbh.  When
the incident anglg of light js represepted by a,therefractive pdex of ihe first.opycal layer 4 is

represented by n, and the reflectance of the wavelength-selective reflective layer 3 is represented by
R, the ratio:of theicampanentA reflested skyvargdde aildbe incidentcompanents is represented by
the following formula (1). x =(sin(45-a!)-i-cos(45-al)/tan(45+W))/(sin(45-a")+cos(45- aMR2... (1) In the
above formaRf a=sin-Hsiva/m)irolds.c 11f the ralio @ theddompdient T Bciotireflected skyward
increases, the ratio of the incident light reflected skyward will decrease. In order to increase the ratio of

the skywatd Feffettion, appropriate desigrifig of the ShaPe 6 thehwavBiehgtissiettivd reflective layer
3, that is, %Q@r}gp]r]iagg degilggin&f%fghﬁ oshé"tps Ioé L@%gggg}u[\gﬁég %t%firsthol@gcal Ia%er 4, is effective.
’ I i yWa 4 re 1 . i GBSO

For example, in order to increase the ratio of the s ection, the shape of the structure 4c

preferablyshas thedlenticularshape-showmin Fign5@ os the asymmetrical shape shewnqin kig. 6A. By
the structures described above, although light may not be reflected in the completely same direction as

that of thedhgidentight Lthewatio of lightsreflebted upward to thelligitancidentabovieid building window

material and the_like can be increased. Since one reflection of the incident light by the

Wavdengﬁﬁsag%ﬁﬁﬁd to the window material 10, of light coming from
the sky over buildings having approximately eguivalent
heights, light in a specific wavelength band can be
efficiently returned skyward over the other buildings. In
order to realize the directional reflection as described
above, a three-dimensional structure, such as a part of a
sphere, a part of a hyperbola, a triangular pyramid, a
guadrangular pyramid, or a cone, 1s preferably used. Light
incident in a (8, ¢) direction (~%0°<$<90°) can be reflected
in accordance with the shape in a (8o, d¢o) direction
{0°<B0<90°, -90°<¢o<50°). Alternatively, a coclumnar body
extended in one direction is preferable. Light incident in
a (0, ¢) direction (-90°<$p<90°) can be reflected in
accordance with the inclined angle of the columnar shape in
a (Bo, —-¢) direction (0°<Bo<90°).

In the cptical film 1, the directional reflection of

light in a specific wavelength band ig preferably in the
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reflective layer 3 is enough as shown in Fig. 9A and Fig. 95, the two shapes shown in Figs. 50 and 6A
can increase a final reflection component as compared to that by the shape as shown in each of Figs.
8A and 8B in which reflection is performed twice (or 3 times or more). For example, when two-time
reflection is used, if the reflectance of the wavelength-selective reflective layer 3 is assumed 80% at a
certain wavelength, the skyward reflectance is theoretically 64%, and when the reflection is performed
once, the skyward reflectance is 80%. Figs. 10A and 10B show the relationship of a ridge' ne of the
columnar structure 4c with the incident light L and the reflected light L3It is preferable that of the
incident light L incident on the incident surface Si at an incident angle (0, 0), the optical film |

selectively directipnally reflects the Ii%ht L1 in a specific wavelength band in a direction (0o, -0)

(0<00<90)Whitd trarsitting e fight L2thePthan that intthe 'Specifit Waidierith band. The reason

for this is that.when the &Iaﬁq&{g’p as dgsg,gg%q_ above is satisfied, the a| t Mt@g specific wavelength

band can be reflected skyward: In this case, 0 indicates an angle”formed between the normal 11 to the
incident surfage=%1: and theincidest Hghtl: or the:reflectedligh & 1q dmadditien 50 indicatgs an angle
formed between the straight line 12 which perpendicularly intersects the ridgeline 13 of the columnar
structure 4giinithe inbidentasufaee Siand a tomponent ebthe incidehelightdiorithe reffected light LI
which is projected on the incident surface Si, In addition, an a&r_;gle O rotated_clockwise around the

normal 1198 repreRBntetits 0" “and &n Santgfe 6t8tatéd SRt BEKWIRE 1S fepréderited by™-0". An
angle 0 ro kwise_arou trai ine 12.is repres nt by "+0." anqu%g angle o rotated
tated clogkwis L%dgbyg_%a%? flght ling 123 represe ﬁ% o E}ggf

anticlockwise is represente Manufacturing Apparatus ptica isa

schematicasigw showiing ene strugiual example of aranufasiuingappasatusfor-manufacturing an
optical film according to the first embodiment of the present invention. As shown in Fig. 11, this
manufactugirgraparatusrinélodes famindtenmolls 41tdmd 42 cd glide o 437 aftoating device 45, and

an irradiation device 46. o
within 5°, more preferably within 3°, and even more

preferably within 2°. The reason for this is that when the
reflection direction is within the range described above,
and the optical film 1 is adhered to the window material 10,
of light coming from the sky, light in a specific wavelength
pand can be efficiently returned skyward. In addition, when
an infrared radiation portion and a light receiving portion
are adjacent to each other, such as an infrared sensor or an
infrared imaging device, the retroreflection direction is
necessarily equal to the incident direction; however, when
sensing is not necessarily performed in a specific direction
as in the case of the present invention, the retroreflection
direction may not be strictly made egual to the incident
direction.

In the optical f£ilm 1, the value of the transmission
image clarity measured using an optical comb with a width of

0.5 mm in a wavelength band having transmission properties
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The laminate rolls 41 and 42 are arranged so as to nip an optical layer 9 provided with a reflective
layer and the second base member 5a. The optical layer 9 provided with a reflective layer is formed by
forming the wavelength- selective reflective layer 3 on one primary surface of the first optical layer 4. In
addition, as the optical layer 9 provided a reflective layer, the first base member 4a may be formed on
a primary surface of the first optical layer 4 other than the surface on which the wavelength-selective
reflective layer 3 is formed. In this example, the case is shown in which the wavelength-selective
reflective layer 3 is formed on one primary surface of the first optical layer 4, and the first base
member 4a is formed on the other primary surface thereof. The guide roll 43 is arranged at a transport
path of this manufacturing apparatus so as to transport the belt-shaped optical film 1. Materials for the

laminate roffs BT ah84%ad the §didB6F 43758 ok pakicbiryinfited arfh Bccdfifance with
desired roll properties, ‘;%cg)f%’PBL‘?l? metal, sych.as staipless steel, Qarﬁggermor@nsélicone may be

appropriately used. r example; a device having a coating unit, such as a coater, may be used as

the coating devicei4hs Asthercoater: 1 irgansideratien of thesphysical preperties and ihe like of a resin
composition to be applied, for example, a gravure coater, a wire bar coater, or a die coater may be

appropriatéiegsed: Thesirradiation tevidé4s istare irradiationidevice whictngeiatés idhizing rays, such
as electron rays, ultraviolet rays, visible rays, or gamma rays. In this example, the case in which a UV

lamp Whicﬁfarﬁaia't«%?ﬂltr%gi’olélrg% %.gﬁ‘)s éf? W%d%io%%ﬁégﬁé e showR TMEtRSd for
Manufactq{glgpg %ﬁ%@ln};ay %&gﬁaggr, ggghlgfeirfgge to ‘ﬂ%ﬁ)ﬁ 1%‘&8 1§Q one exag_nrpl% ofa

method for manufacturing an optical fiim according to the first embodiment Ofltﬁ% pzfgsent invention will
be describegh i additign, inconsigeratiomofthe produetivity, a manufactuting precesssshown below is
preferably performed partially or entirely by a roll-to-roll method as shown in Fig. 11. However, the step
of forming mald Brperforimtindependentlyich Fist,zaslshiovin #cRigeg¢2Aia mold 21 having the
same concavo-convex shape as that of the structure 4c or a mold (replica) having a reversed shape

thereof is forAedE forEkaniple “bY- €Gttihg 66115t 0C8L5IRG oF &R brocssing. NERE s EHown in Fig.
L e SRS S e S IO EHR PRI g e maeri for
disturbing. Furthermore, the total valus of the

transmission image clarity measured using an optical comb

with a width of ¢.125 mm, 0.5 mm, 1.0 mm, and 2.0 mm is

preferably 230 or more, more preferably 270 or more, and

even more preferably 350 or more. When the total value of

the transmission image clarity is less than 230, the

transmission image tends to blur. When the total value is

in a range of 230 to less than 270, although depending on

the outside brightness, no problems may occur in daily life.

When the total wvalue i1s in a range of 270 to less than 350,
although a diffraction pettern of a very bright obiect, such

as a light scurce, is disturbking, an outdoor scene can be

clearly ssen. When the total wvalue 1s 350 or more, the
diffraction pattern is hardly disturbing. In this

embodiment, the value of the transmission image clarity is
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method. As the transfer method, for example, there may be mentioned a method in which an energy
ray curable resin is poured in a mold and is then cured by irradiation of energy rays, a method in which
a shape is transferred to a resin by applying heat and/or pressure thereto, and a method in which a
resin film is supplied from a roll, and a mold shape is transferred thereto by applying heat (lamination
transfer method). Accordingly, as shown in Fig. 12C, the first optical layer 4 is formed so that one
primary surface thereof has the structures 4c.  In addition, as shown in Fig. 12C, the first optical
layer 4 may be formed on the first base member 4a. In this case, for example, a method is used in
which after the film-shaped first base member 4a is supplied from a roll, and an energy ray curable
resin is applied on this base member, the resin is pressed on the mold so that the shape thereof is

transferred'and i< &ret by FRIUTARIRCST éherGy rays. il additisn the réSipréferably further contains
a cross-linklng gant,, Fa regsail s this s thal beatsigfance.can be Jmpariga o the resin without
considerably changing the stgfage modulus at room temperature. ’ ext, as shown in Fig. 13A, the

wavelengti-setectiveseliectivernyer3 isformed.amone prmasnsurface otthefirstoptical layer 4. As a
method for forming the wavelength-selective reflective layer 3, for example, a sputtering method, a

depositiontrmethot, of a CVBHChemicalevaporDeposition) meethod enaynbe mentioned. First, the
first optical layer 4 in which the one primary surface thereof has the structures 4c is transported into a

vacuum cREfbErrwHicRE e gatSstirRaris offposed of & méfal BRIEES §0&H a8 hidbium pentoxide, is
provided. %Ilfﬁ he target @esgygt@%elde\év ile atggog%s%ggg is introduced inta the vacuum chamber, so
5 . ! £

that the high refractive index layer 31 'is formed on one primary strfacé (Concave-convex surface) of

the first optical layer#:.e oNextihe first.opticallayerA4 pravided with. ﬂ@l@g@ refragtive index layer 31
on one primary surface is transported into a vacuum chamber in which a target primarily composed of
a metal materiahbatingreehigh seflectamce irthednfraredoregibarisiptovidéd odexte wjle a process gas
is introduced into the vacuum chamber, the target is sputtered, so that the metal layer 32 is formed on

the high réfrddivBIiRdEX Blyer 315 O NetSthe frefoptical Idyer 8 préGided wththe* metal layer 32 on

one primary. surface.is transported into a yacuum c ber in which a target primarily composed of a
Zn0O-base eox%de is pr%vfﬁdeég.s%xé Ct)ﬁe%a{lrjg'gt i%ssp%t%%]?eaq vkxllﬁﬁe %p?oégsgsegéss(iﬁgr egas) is introduced

into the vaguyim ehamber,serthat the protgctive dayer33-is fermed,anthe, metal layer.32. As described
above, since the target primarily composed of a Zn-based oxide is sputtered using an inert gas, such

as Ar, degradaticmotthenmmeta) layee 32asedias ar anderdayet candessuppressedi th Next, the first
optical layer 4 provided with the protective Ia:gqr 33 on one Jlorimary surface is transported into a
vacuum cREMBEF i Whith 4 g SFimarty Composed F Almatat okide, Slich a8 niobium pentoxide, is

el M e et s T e osess grs B ogiesa e P e gtanter
wavelengti-selective reflestive layee3dsformeds pe desirably transmitted is

different from the D65 light-source wavelength, measurement

is preferably performed after correction is performed using

a filter for the wavelength to be desirably transmitted.

The incident surface S1 of the optical film 1 has a

smocthness so as not to degrade the transmission image

clarity, and preferably, the incident surface S1 and the

emission surface SZ both have the smoothness as described

above. In particular, an arithmetic average roughness Ra of

aach of the incident surface 51 and the emission surface 82

is preferably .08 um or less, more preferably 0.06 um or
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Next, if necessary, the metal layer 32, the protective layer 33, and the high refractive index layer 31
may be repeatedly laminated at least twice. In this case, the wavelength-selective reflective layer 3 is
formed by laminating at least two repeating units each including the metal layer 32, the protective layer
33, and the high refractive index layer 31.  Next, as shown in Fig. 138, if necessary, an annealing
treatment 310 is performed on the wavelength-selective reflective layer 3. The temperature of the
annealing treatment is in a range, for example, of 100C to 250C. Next, as shown in Fig. 130, an
uncured resin 22 is applied on the wavelength-selective reflective layer 3. As the resin 22, for
example, an energy ray curable resin or a thermosetting resin may be used. As the energy ray curable
resin, an ultraviolet curable resin is preferable. Next, as shown in Fig. 14A, a laminate is formed by

placing the 8&Eend Base e Ba &t fietredin'y2. éxt, #'sRdwn §7 Big. 143, While tHeFesin 22 is
cured, for example, wituradiation of enveray. iays 320 ar.heat application 320, 2 pressure 330 s
applied to the laminate. As the energ?erays, or example, electron rays, ultraviolet rays, visible rays,
gamma rays, erelacten rayssmay beruseds apd i viewe of produetion facilitiesultraviofetsays are
preferable. An accumulated irradiation amount is preferably selected in consideration of curing
propertiestsfthia resin, supprassiom of yelfowing of theeresiniand tize. basey membershand the like. The
pressure applied to the laminate is preferably in a ran%e of 0.01 to 1 MPa. When the pressure is less

than 0.01 WP GraVEfiffgheritiahts of A% lmBy Chtsé aProBRm. O thé'diiet Mand, when the
pressure is,more t a metal roll is necessarily used as a nip roll, and.pressure irregularity
may be lia }I%téﬁ geg %%#gll}%%)é%. A%?c?(l)(? irrtlé@flgs aéﬁ%wsnei)ré FjTé’E 1a4%c,:?f¥e8 gggoendd 3% |caﬁayer 5 is formed

on the wagelength-sejective refleetive.layre 3-sa:that the gptical film.J-isobtaiped. By using the
manufacturing apparatus shown in Fig. 11, a method for forming the optical film 1 will be particularly
describedcPirst] thHeosetontehasecmenibet Sa.is fed from a base member supply roll (not shown), and
this second base member 5a thus fed is allowed to pass under the coating device 45. Next, an ionizing

ray curable resin 4 REFPIEhyPIRCoating devite 45 o e SéSortt Fa&d riehibBér5a passing
thereunder. e secon se member 5a op which the ignizing ray curable resin 44 is applied is
transportzrgetl%gt{k%i\yjfgl ir?fstcgtléS %%?ﬂ%?\tthg%rtégroﬁefmnedt, the %gtslé% Iazt&/rfégrrbuéraoc\:/%dleﬂevc\i/itﬁ% reflective layer
is fed fronkan ppticaldayer-supply moll{not shown) towards the laminate rolls 41 and 42. Next, the
second base member 5a and the optical layer 9 provided with a reflective layer, which are transported,
are held betweed the fminatewolls 4 1iands42 sodhat. &ir hubbles areradt:trapped betweaen the second
base member Sa and the optical layer 9 provided with a reflective layer, and the optical layer 9

provided with 8FEfléctive [Bifer i& 1amirfatdd R thé seéondbaséfiemBerba NExt2while the second

base men%dt%l oa.on which the _optical layer 9 provided with a reflective layer is laminated is
transporte zﬁgné%gpelrp&%%rlagjr a?éesoﬁhe%i%r%ihgtél%]l 41, the ionizing ray curable resin 44 is cured

by irradiation of imnizing rays-ftem a-secondhasermember Sa.side using;the irradiation device 46.
Accordingly, the second base member 5a and the optical layer 9 provided with a reflective layer are
adhered preferably as neutral as possible and, even 1f being colored,

the transmission color preferably has a light color tone

that appears coecl, such as blue, blue-~green, or green. In

order to obtain the color tone as described above, the

chromaticity coordinates % and y of the transmitted light

incident on the incident surface 81, passing through the

optical layer 2 and the wavelength-selective reflective

layer 3, and radiating from the emission surface 82, and the

chromaticity coordinates x and y of the reflected light

preferably satisfy, for example, 0.20<x<0.35 and 0.20<y<0.40,
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to each other with the ionizing ray curable resin 44 interposed therebetween, so that the targeted long
optical film 1 is formed. Next, the belt-shaped optical film 1 thus formed is wound by a winding roll (not
shown). As a result, an original fabric formed by winding the belt-shaped optical film 1 is obtained.
When the process temperature for forming the above second optical layer is set to t0, the cured first
optical layer 4 preferably has a storage modulus of 3x107 Pa or more at (t-20)C. In this case, the
process temperature t indicates, for example, a heating temperature of the laminate roll 41. Since the
first optical layer 4 is provided, for example, on the first base member 4a and is transported along the
laminate roll 41 with the first base member 4a interposed therebetween, it is experientially understood

that the temperature actually applied to the first optical layer 4 is approximately (t-20)C. Therefore,
when the Blordge ABHTIE AU(t-20/C oF i et pfical Iaver 494 wet to SKEDEPROIINGE, the

concavo-copyex §Qgg§, of; tjﬂseoig;{eg@cgzing% t@lg Qggr%gld%%r can l%%éu%%regs%% from deformation

caused by heating with or without pressure application. In a"éfi%ition, the first optical layer 4

preferablyihias & storage magulus,ef DN Raer less at25C. Accerdinglysflexibility canbe imparted
to the optical film at room temperature. Therefore, the optical film 1 can be formed by a manufacturing
process, sieh dsca fgikto-tdigprocess: tohrecdnsideration bf the heat-resistanices of resins used for
the optical layer and the base members, the process temperature t is preferably 200C or less.

However, Bifehta fesin hafingTigh ReaffedistEice' i GEeee the froeees lempelatdrelttRay be set to
200 or mafe 43 deseibed abave, qceerding fo ihe-atical Bl he st embpdiment, the

wavelength-selective reflective layer 3 has the structure in which thearﬁé"t%ﬁayer ZF%% protective
layer 33, anttthedhigh sefsactivedndex layer 84 areseguentiallylaminated in this order on the
concavoconvex surface of the first optical layer 4. The high refractive index layer 31 is primarily
composed:bba htataltoxide bthierdhaw zintrokide. Thereforectherstress oftheslayer can beaeduced,
and the generation of cracks can be suppressed. In addition, when the protective layer 33 is formed by

a sputteriiy’ fethddf B&né%@?g&ﬁﬁﬁéﬁ?%%%p%@%ﬁ dteEmstdl Oxite? B8 gRitatiBRT Tfe metal layer
32 used as anunderlayer can pesypRressed, sMedified Examples> o+ cuppress

the change in cclor tone as described above, the absolute
value of the difference in the chromaticity coordinate x of
light incident on the incident surface S1 or the emission
surface SZ at an incident angle ® in a range of 0° to 60° and
specularly reflected by the optical layer 2 and the
wavelength-selective reflective layer 3 and the absolute
value of the difference in the chromaticity coordinate y of
the light are each preferably 0.05 or less, more preferably
0.03 or less, and even more preferably 0.01 or less at each
primary surface of the optical film 1. The above numerical
limitations of the chromaticity coordinates x and v of the
reflected light are preferably satisfied for both the
incident surface S1 and the emission surface S2.
Hereinafter, the first optical layer 4, the second

optical layer 5, and the wavelength-selective reflective
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Hereinafter, modified examples of the above embodiment will be described. [First Modified Example]
Fig. 15A is a cross-sectional view showing a first modified example according to the first embodiment
of the present invention. As shown in Fig. 15A, an optical film 1 according to this first modified example
has an incident surface 51 having a concavo-convex shape. The concavoconvex shape of this incident
surface S1 and a concavoconvex shape of a first optical layer 4 are formed, for example, so that both
the concavo-convex shapes may correspond to each other, and the position of the vertex of each
convex portion and the position of the bottom of each concave portion of the incident surface coincide
with those of the first optical layer 4. The concavo-convex shape of the incident surface Si is preferably
gentler thzig the cogmavo-conv x shape of the first optical layer 4. [Second Modified Example] Fig.

152 is a cross<sectiondiVicw shBwihg & Setid fifouifred Bxampié according 6t first embodiment of

the preseny inyention ;As shown in Fig. 152, in an optical film 1 according to this second modified
example, the position of the vertex of each convex portion of a concavo-convex surface of a first
optical layer4 oncwhich acwavelength-selectiverefipetivelayer 34s-formed is formed to have a height
approximately equivalent to the height of an incident surface Si of the first optical layer 4. <2. Second
Embodiment> Fi§5£16A 16 1921iFé Viswsl eachr sHowingaan.examplefof rthesstructare dfcan optical film
according to a second embodiment of the present invention. In the second embodiment, elements

correspondifgtd thod&' th feFirSEEmbofintent ar& HesirmatdRhy i sdfie réfcrdice numerals as
those in tl?afﬁ';gftrer@§:>odi5<r_JL<§'1Q'1@Ini asietcgqg eﬂ%‘?ﬂ@fﬂﬁg?ﬁ&“@ﬁ 64% r .twoidi@]?ﬂ%i ally

arranged in one primary surface of a first optical layer 4, and this is a pol t differenit from tHat of the

first embodimeerti rst optical layer 4 is formed of, for example, a layer
containing a resin as a primary component. For example, one
of the twoe primary surfaces of the first optical laver 4 is
a smooth surface, and the other surface 1s a concave-convex
surface (a first surface). The wavelength-selective
reflective layer 3 is formed on this concavo-convex surface.

The second optical layer 5 is a layer to protect the

wavelength-selective reflective layer 3 by embedding the
first surface (concavo-convex surface) of the first optical
layer 4 on which the wavelength~selective reflective layer 3
is formed. 1In order to impart the flexibility to the
optical film 1, the second optical layer 5 1s formed, for
example, of a layer containing a resin as a primary
component. For example, one of the two primary surfaces of
the second optical layer 5 is a smooth surface, and the
other surface 1is a concavo-convex surface (a second surface).
The concave-convex surface of the first optical layer 4 and
the concave-convex surface of the second optical layer 5

have the relatlonship in which the concavo-convex shapes are



As shown in Figs. 16A and 168, for example, one primary surface of the first optical layer 4 is formed
so that columnar structures (pillar shaped structures) 4c are arranged to orthogonally intersect each
other. In particular, first structures 4c arranged in a first direction and second structures 4c arranged in
a second direction perpendicular to the first direction are arranged so as to penetrate each other
through side surfaces thereof. For example, the columnar structure 4c is a convex portion or a
concave portion having a columnar shape, such as a prism shaper (Fig. 12A) or a lenticular shape
(Fig. 128). In addition, for example, structures 4c each having a spherical shape or a corner cube
shape may be two-dimensionally arranged in one primary surface of the first optical layer 4 in a
closest-packed state so as to form a close-packed array, such as a square close-packed array, a delta
close-paclge@dvgrrrgﬁdortaohgfé:g%n%%%ge-packed array. As shown in Figs. 17A to 170, for example,
the square closeqpacked atray s farmed by apranging stryciures;4c.each havigg al%%dfaQQU|ar
bottom surface (such as a square shape) in a square close-packed state. For example, as shown in
Figs. 18A 10;180,rthedhexagenalclese-packad away issformedbysarranging siruetures, 4¢gach having
a hexagonal bottom surface in a hexagonal close-packed state. For example, as shown in Figs. 19A
and 19B, théselaccioseipacketarray isforaeddsy- arrdiging strostipes 40 eaxh havingea triangle
bottom surface (such as Z\iian%ular yramid) in a closest-packed state. The structure 4c is a

convex poftion-ofa £5hE Bitibhicof aGorREr cube shap&SEherhisphefigaFstape® s semi-ellipsoidal
shape, a prisLshang, asfieer{onm shane, 3,olygonalshape. a conicel shane. p olyganal pyramid
shape, a truncated cone shape, a paraboloidal surface shape, or the like. The bottom of the structure

4c has, foriexampleg a cirenlar shape. an elliptiealtshape: etnapeoivgonal shape,sueh.asta triangular
shape, a quadrangular shape, a hexagonal shape, or an octagonal shape. A pitch P1 and a pitch P2 of
the structute4esdre préterably approprictelyiseletied in Accordanbe withdesited wpticallproperties. In
addition, when theegprimary axis of the structure 4c is inclined with respect to the normal orthogonal to

an incident 2face of aff optical film L G & preferable TR 15 Brimafy akis of & Stificture 4c is
nelined inatieast one arranoemant.diraction of fne wo-dliensinal aIANIEMSN AL he guctures 4c.

When the optical film 1 is adhered on a window material arranged In a direction appréxima?ely
perpendicslar te: the-groundgit is peeferabie that the:primasy;axisof he stryeturr. de is inglined to a
lower side of the window material (ground side) with respect to the normal. When the structure 4c
has a corner cubeshidpe, i fdgelineiRris largé hheprintarytaxis istpreferablydnclined skyward, and
in order to_suppress downward reflection, the primary axis is preferably inclined to the ground side.

Since being’ oblfdtielyiHeideht on'd4ilf, SURfightis not HRel To PedBl the ek G itHe strticfire, and
hence, th%ggz@%e thereof %rgntigcgier%lig t side 'srig}peoﬁ?f That ig, V%Q%%g %ffa Ei(ag%llpe portion is
[ “and hé gt

large, the amount of retroreflection light'is decreased, ﬁfce"i]pby inclining the primary axis

skyward, thissghenomenac can pe:suppsessedandi-additien <ipdhe corner-cuberhady; when reflection is
performed three times at a reflection surface, the ietroreflection can be realized; however, light partially
leak in a directi@n oter thiih tiatBfthe kdtrdrefiéctiorewhem veffection ig peifermed swickaBy inclining
the corner cube to the ground side, a large part of this leakage light can be returned skyward. As

described~aB8Ve, ifr atEordthhte With theShEpETaritl/ Gt (R poSe: RRe bRty Bxistmdy be inclined

"1anyd"eﬁmqudition, it is alsc generally difficult to obtain steep
wavelength selection properties of the wavelength~selective
reflective layer 3; hence, the transmission wavelength may
be partially reflected in some cases. When the reflection
as described above occurs, since diffraction is generated,
and high-order reflection is alsc viewed, the transparency
tends to loock not so geod. In addition, if the pitch of the

structures 4c¢ is more than 5 mm, when the shape of the
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<3. Third Embodiment> In a third embodiment, light having a specific wavelength is directionally
reflected, light having a wavelength other than the specific wavelength is scattered, and this is a point
different from that of the first embodiment. An optical film 1 includes a light scattering material
scattering incident light. This scattering material is provided, for example, at at least one of places
located on a surface of an optical layer 2, in the optical layer 2, and between a wavelength-selective
reflective layer 3 and the optical layer 2. The light scattering material is preferably provided at at least
one of places located between the wavelength-selective reflective layer 3 and a first optical layer 4, in
the first optical layer 4, and on the surface thereof. When being adhered to a support member, such as
a window material the optical film 1 may be ap[:élied to either an indoor side or an outdoor side. When

the opticalfilfn T I$"Adherad'ts tié Sitdoor Rde” Aight 5Eatterifrhatestat 86attétihgHight having a
wavelength.gther than the specific wavelenath is, preferably, proyided only between the
wavelength-selective reflective layer 3 and the support member, such as a window material. The
reason forithisyis thatshen e kightiscatteeng materialis presentketween the wavelangth-selective
reflective layer 3 and an incident surface, directional reflection properties are lost. In addition, when the
optical filni'13$ delkéredto thetsdooriside, ahé lightiscattering matetiakispreferably provided between
the wavelength-selec,tivgoreflective layer 3 and an emission surface opposite to the adhesion surface.

Fig. 20A i§ & croSs-Ye&titnal Unr SHoWing & first Stractdral eXAmple 6P the Stk filh £ according to
the third embpodiment of sent inyention. in Fig.,20A, the first optical layer 4 contains a
resin and fine pa[ﬁ%é)sg i?%j?}{f fi?]% p%%gclgylﬁﬁe%ﬁe%%?r raictlisaljé%grglL egc #ce)m that of the resin
which is agirinaryicomponent of the. first opticaldayer 4. Asitbefine-particles 11, for example, at least
one type of organic particles and inorganic particles may be used. In addition, hollow fine particles may
also be usedhas tetfiltel partielescEl As-thie fire particles 1ie fotaexample sindrganie patticles, such as
silica or alumina, or organic particles, such as a polystyrene, an acrylic resin, or a copolymer thereof,

may be mEAlEES A Sifcd e pafidyY ardParbCulafy Bretérable. 1M Fif PoB is% cross-sectional
view shoving, 2 second sieliral examalecof fhe gptisalJim l according do g third-empgdiment of
in Fi es a light

the present invéntion. As shown in Fig. 20B, the optical film 1 further inclu d% ision layer 12
on the surfacesetihe firstopticahlayer 4. The light diffusion dayer 12 .contains faor example, a resin and
fine particles. As the fine particles, the same patrticles as those described above may be used. Fig.
200 is a ctdss-seetiofalviewsshowing a third stragtuyaltexansple of thesoptidal ilin 1 according to the
third embodiment of the present invention. As shown in Fig. 200, the optical film 1 further includes a

light diffusioi fayet 12 Betwedh Tid avERNGHE selRbfive iétiettive Iayel 3 drfarthe ¥ikst optical layer 4.
The light diffusien ayer ecomiains. for example. 8 18ein. 204 Ing particles, As the fine particles, the
3 ‘ hé thi

same patrticles as those described above may be used. ccording to r 8mb%diment, light,
such as infeared light. hayirg.a specific-wavelength can be directionally reflected, and light, such as

visible light, having a wavelength other than the specific wavelength, can be scattered. Therefore,
when the opticalfilmetiisiiade cléddedsas describethabover designecharadteristies may be imparted
thereto. the surface of the first optical layer 4 is not limited to

one type, and the structures 4c may be formed in the surface

of the first optical layer 4 to have at least two types of

shapes. When the structures 4c¢ having at least two types of

shapes are formed in the surface, a predetermined pattern

formed of the structures 4c having at least two types of

shapes may be periocdically repeated. In addition, depending

on desired properties, the structures 4c having at least two

types of shapes may be randomly formed (aperiodically).
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<4. Fourth Embodiment>  According to this embodiment, a self-cleaning effect layer (not shown)
having a cleaning effect is further provided on an incident surface of an optical film 1. The
self-cleaning effect layer contains, for example, a photocatalyst. As the photocatalyst, for example,
TiO2 may be used.  As described above, light in a specific wavelength band is partially reflected by
the optical film 1. For example, when the optical film 1 is used outdoors or in a very dirty room, light is
scattered by dust attached to the surface of the optical film 1, and directional reflection properties
thereof will be lost; hence, the surface of the optical film 1 preferably maintains optically transparency
at any time. Therefore, it is preferable that the surface is excellent, for example, in water-repellent or
hydrophilic properties and automatically exhibits a cleaning effect. ~ According to this embodiment,

since the self-cleaning eftéctifyet'is IormdtFoR RS intitfent SGiace BFthe SN fINT 1, for example,
water-repellnsor hydgphiic propertes cap he mpaytel o the ncident Surface, Therefore, adhesion

of stains or the like to the incident surface is suppressed, and degraciaatlon in directional Teflection

propertiesican:he suppressed.Examples] - Hereinafter ;although-the present-iavention will be
particularly described with reference to the examples, the present invention is not limited only to these

examplesr(Exaniple &y tRirstca nold ok nbidesfrérdvi- R hdviagdinerteadgulan pyramid 'shapes shown
in Figs. 21A to 21C was formed by machining using a cutting tool. Next, after a urethane acrylate resin

(Aronix, réffd@NESdex aftérc PhEe € 5320 manfadarédtty FodG68 € RpamE Limited)

structures 4c, the wavelength-selective reflective layer 3
has the same shape as the surface shape of the structures 4dc.
As the shape of the structure 4c¢, for example, there

may be mentioned a prism shape shown in Fig. 5A, a shape
having a round portion at a valley between prisms shown in
Fig. 5B, a lenticular shape shown in Fig. 5C, or a reversed
shape thereof. 1In this case, the lenticular shape indicates
a shape in which the cross-section perpendicular to a
ridgeline of the convex pertion is a part of an arc shape or
an almost arc shape, an elliptical arc shape or an almost
elliptical arc shape, or a parabolic shape or an almost
parabolic shape. Therefore, a cylindrical shape is also
categorized in the lenticular shape. In addition, a round
shape (R) may be formed at a ridgeline portion, and the
ratio R/P, that is, the ratio of a curvature radius R to the
pitch P of the structure 4c¢ is preferably 7% or less, more
preferably 5% or less, and even more preferably 3% or less.
The shape of the structure 4c is not limited to the shapes
shown in Figs. SA to 5C and the reversed shapes thereof, and

a toroidal shape, a hyperbolic columnar shape, an elliptical
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was applied on a PET film (A4300, manufactured by Toyobo Co., Ltd.) having a thickness of 75 im and
was cured by irradiation of UV light from a PET film side while being in close contact with the mold roll,
a laminate of the resin and the PET was peeled off from the mold roll. Accordingly, a resin layer
(hereinafter, referred as a shaped resin layer) having triangular pyramid shapes was formed on the
PET film. Next, a wavelength-selective reflective layer having a film thickness structure shown in Table
1 was formed by a sputtering method on the surface having the triangular pyramid shapes formed by
the mold roll. A protective layer was formed by a direct current pulse sputtering method using a GAZO
oxide target containing Ga203/AlI203/Z2n0=0.57/0.31/99.12 at% (on an atomic percent basis), which
was formed hy doping ZnO with Ga203 and Al203, and 100% of an argon gas as a sputtering gas. A

metal layef WagTofRed BHRE diréctRUHERD BputtEing FietHoPiisiRg anfdidyaaiget eoAtafiing

Ag/Nd/Cu=99.0/0.4/0.6 at% and 100% of an.argon gas as a sputtering gas. A high refractive index
layer was ?oi%?%ed éf X d%%%? crl&jgigraeﬁltspeuc%e sp%té#n%l%&ﬂéd%%ﬁqgva %365%&5%% target and a

mixed gasAtMOsPERES CORIAINIG: AN AHGAN-gas Andia,axygen gas inanamount ef.20% with respect
to the amount of the argon gas as a sputtering gas. The transmission image clarities measured using
optical combs were 68 atreewidt of 01 25smm, B3 atzaywidth of Dbomm, 9lvata width of 1.0 mm, 97 at
a width of 2.0 mm, and 339 as the total. Accordingly, a targeted optical film was obtained. In addition,

as for the fraRsmissich hradeclanty aie transsaténéy Bbtaffeinidsh Grthét6liowing other

examples was-equjvalent to that obtained in Example .#Exa le,2) . _An optical film was obtained
in a manner gi:an@iI;éi t6 J?hatlﬁtﬁbllrél3 E@(g%nspwe iene%%cp{)t( ﬁ:%l[% Cit |Ilﬁ1etr:?(§<n3ésss gs?ruc?l]fretgﬁh 1ke.

wavelengthrselectiveireflective layer was fermed,as shawn in Table.1.{Example 3) 4 An optical film
was obtained in a manner similar to that in Example 1 except that the film thickness structure of the

wavelengthzsefectlelrefleetiveslayérwas forfrettas shawn i Fableshi(Example 4) ng Amoptical film
was obtained in a manner similar to that in Example 1 except that the film thickness structure of the
wavelengthiSetedtie @fldetivelayérwadoliféd ash order to return light

coming from the sky in a skyward direction as much as
possible by reflection. The reason the shape as described
above 1s formed is that since the incident light is almost
returned skyward by one reflection, even if the reflectance
of the wavelength-selective reflective layer 3 is not sc
nigh, the incident light can be efficiently reflected in a
gkyward direction, and light abscrption in the wavelength-
selective reflective layer 3 can be reduced.

In addition, as shown in Fig. 64, the structure 4c¢ mavy
have an asymmetric shape with respect to the normal 1; to
the incident surface S1 or the emission surface 82 of the
optical film 1. In this case, & primary axis 1, of the
structure 4c is inclined in an arrangement direction a of
the structure 4c¢ with respect to the normal 1,. Here, the
primary axis lp of the structure 4c indicates a straight

line passing through a central point of the base of a cross-
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shown in Table 1. In addition, in order to form the metal layer, an alloy target containing
Ag/Bi=99.0/1.0 at% was used. (Example 5)  An optical film was obtained in a manner similar to that
in Example 1 except that the film thickness structure of the wavelength-selective reflective layer was
formed as shown in Table I. In addition, in order to form the metal layer, an alloy target containing
Ag/Pd/Cu=99.0/0.4/0.6 at% was used. (Example 6)  An optical film was obtained in a manner similar
to that in Example 1 except that the film thickness structure of the wavelength-selective reflective layer
was formed as shown in Table 1. In addition, the high refractive index layer was formed by a direct
current pulse sputtering method using a metal target of Ta and a mixed gas atmosphere containing an

argon gas and an oxygen gas in an amount of 18% with respect to the amount of the argon gas as a
sputtering 3s H(Eanmple & %e SAR bptitalFilhivas ebiaifed i firanblet sisifar to'thain Example 1

except that the flln],thlc s gfructure of e wa elength -selectiv reflecgve layer yas formed as
shown in 1£1Lb el (ITExamp]I§ g AR oﬁtlcacffﬁlg\léwas otbl}alned |r<1iea man c—?rré?yn Iﬁ)o that in Example

1 except ta@tﬂaﬁ@m thiskness; sfructure ofdhg wavelength-selective reflective layer was formed as

shown in Table 1. (Comparative Example 1)
in Fig. 6B, the primary axis 1, of the structure 4c is

preferably inclined te a lower side (ground side) of the
window material 10 with respect to the normal 1,. The
reason for this is that in general, since a larger amount of
heat enters through a window about in early afternoon, and
the height of the sun is larger than an angle of 45° in many
cases, by using the shape described above, light incident at
these high anglés as described above can be efficilently
reflected upward. An asymmetrical prism shape of the
structure 4c with respect to the normal 1; 1s shown by way
of examplie in Figs. €A and 6B. In addition, the structure
4c having a shape other than a prism shape may also have an
asymmetrical shape with respect to the normal 1,. For
example, a corner cube body may have an asymmetric shape
with respect to the normal I1.

The first optical layer 4 preferably includes a resin
as a primary component in which a decrease in storage
modulus at 100°C is small and in which the storage modulus
at 25°C is not considerably different from that at 100°C. 1In
particular, a resin having a storage modulus of 3x10° Pa or
less at 25° and a storage modulus of 3x10' Pa or more at

100°C is preferably contained. In addition, although being
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An optical film was obtained in a manner similar to that in Example 1 except that the film thickness
structure of the wavelength-selective reflective layer was formed as shown in Table 1. (Comparative
Example 2)  An optical film was obtained in a manner similar to that in Example 1 except that the
film thickness structure of the wavelength-selective reflective layer was formed as shown in Table 1. In
addition, the high refractive index layer was formed by a direct current pulse sputtering method using a
ZnO target and 100% of an argon gas as a sputtering gas. (Comparative Example 3)  An optical film
was obtained in a manner similar to that in Example 1 except that the film thickness structure of the
wavelength-selective reflective layer was formed as shown in Table 1. (Comparative Example 4) An
optical film was obtained in a manner similar to that in Example 1 except that the film thickness

structure &t ffe WaverenglinsBREH A rétietive Riyef Swid formal aSishowrPinttaseé 11 #yaddition, the

protective |ayer was formed by.a gg%cttcugr&egt g&utetiesrirég: mgtg%% using nm_eft_g f@rgg}l of '{g and 100%
of an argon gas-as a sputtering gas. (%omparatl gexamble g) Anh optical film was obtained in a

manner similasto-thatin Examplest exceptihatithe fimthickness.stiycture.of the wavelength-selective
reflective layer was formed as shown in Table 1. In addition, the protective layer was formed by a

direct current spitteringemethochusing asmdtal targebofifa andkB0%onEan argowgasiasaa sputtering
gas.  Cracks, spectral properties, and oxidation of theomet_al layer of each of the optical films
obtained iNEXafTHIEs afd Tohpaiative Exarplédwerd Evakmatedasd HeserbédBelow. (Crack

Evmuaﬁmgtorage moculus at 25°C and that at 100°C are not sc much
different from each other, even when a process including
heating with or without pressure application is performed
after the formation of the concavo-convex surface (the first
surface} of the first optical layer 4, a designed interface
shape can be mostly maintained. On the other hand, when a
resin is used as a primary component in which a decrease in
storage modulus at 100°C is large and the storage modulus at
25°C and that at 100°C are significantly different from each
other, a designed interface shape isg considerably deformed,
and for example, the optical f£ilm 1 mavy be curled in some
cases.

As the process including heating, besides a process,
such as an annealing treatment, in which heat is directly
applied to the optical film 1 or constituent members thereof,
for example, there may be mentioned a process in which when
a thin film is formed or a resin composition is cured, the
temperature of a film forming surface is locally increased
and is indirectly applied tc the thin film or the resin

composition and a process in which the temperature of a mold
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First, the wavelength-selective reflective layer on the concavo-convex shape was observed at a
magnification of 500 times using an optical microscope (MX61L, manufaCtured by Olympus Corp.),
and the generation of crack and peeling along a ridgeline (hereinafter referred to as an "inspection
standard ridgeline™) between adjacent two triangular pyramid shapes was confirmed. When it was
difficult to judge the generation using an optical microscope, the wavelength-selective reflective layer
on the concavo-convex shape was observed at a magnification of 500 times using an analytical
electron microscope (SEM-EDS XL30 FEG+E DAX, manufactured by Philips). Subsequently, in a
manner similar to that of the above case using an optical microscope, the generation of ridgeline crack
and peeling was again confirmed. Some of these observation results are shown in Fig. 23A (Example
1), Fig. 23B{CbiFraiiie EXEInIE 1 Fid 225 & tComparative Exahntplé 2y 1&id Figr 253 (Example 2).
Next, when the length of the inspecti andard ridgeline was represente Ri, and the length of a
portion at whic ltﬁg r[ij%j%eﬁnne %Pé%cjkcaacr)]% %égﬁﬁg W;;rgggﬁg%ég lrél’ong%'} eéi%s?pge%ﬁon standard ridgeline

was represgiited by R,y ahtainedrhy thefollowing fegmula,(2) was segarded as.the ratio of the

ridgeline crack and peeling, and the generation state of the ridgeline crack and peeling was judged in
accordancetwittatire followingscriteda.r e restitts ase showatn dabte Tuy(%0) SRURLXIOD... (2) A:
Ridgeline crack and peeling is less than 10 percent of the inspection standard ridgeline. B: Ridgeline
crack and pBefng REFD-fo' les Rah 38 percerit ot fite FpebiorPStandartridgaline2re: Ridgeline crack

and peeling is 30 percent or more of the inspection standard ridgeline. (Evaluation of Spectral
Doy 0k e ofihe Jardiidgeine, (Evaluation of 29

Properties t the ransmittance and the feflettance At A meadirentet wevefdhigth Yegion of

300 to 2,6Q0 amywere neasured Wsingd spectrophotometer (SolidSpec-37000UV, manufactured by
Shimadzu Corporation). The results are shown in Figs. 26A to 323. Next, the state of degradation
(oxidation) of theTnetad tayes yvasiudged in accardande with tbe fallewing ekiteriaqusing the:value of a
reflectance at a wavelength of 1,200 nm. The results are shown in Table 1. In addition, for the
measurenient of ieefefleéfihce*aMghEsouree Fadiate ight frohv e shapegresifidayer side, and

surface of the first optical layer 4 is exposed, the storage
modulus of its exposed surface can be confirmed by
measurement using a microhardness tester. In addition, when
the first base member 4a or the like is formed on the
surface of the first optical layer 4, after the first base
member 4a or the like is peeled off to expose the surface of
the first optical layer 4, the storage modulus of the
exposed surface can be confirmed by measurement using a
microhardness tester.

As a method for suppressing a decrease in modulus at a
high temperature, in the case of a thermoplastic resin, for
example, a method for adjusting the length of a side chain
or the type thereof may be mentioned, and in the case of a
thermosetting resin and an energy ray curable resin, for
example, a method for adjusting the number of cross-linking

points and the molecular structure of a cross-linking agent
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measurement was performed using an integrating sphere. A: Reflectance is 35 percent or more. B:
Reflectance is 30 to less than 35 percent. C: Reflectance is

may be mentioned. However, it is preferable that necessary
performance of a resin material itself is not degraded by
the structural change as describe. For example, depending
on the type of cress-linking agent, a resin may become
fragile since the modulus thereof at approximately rcoom
temperature is increased, and a film may be warped or curled
since the shrinkage thereof is increased; hence, the type of
cross-linking agent is appropriately selected in accordance
with desired properties.

When the first optical laver 4 includes a crystalline
polymer material as a primary component, a resin is
preferably used as a primary component in which the glass
transition point is higher than the highest temperature in a
manufacturing process and a decrease in storage modulus at
the highest temperature in the manufacturing process is
small. ©On the other hand, 1f a resin is used in which the
glass transition point is in a range of a room temperature
of 25°C to the highest temperature in a manufacturing
process and a decrease in storage modulus at the highest
temperature in the manufacturing process is large, it
becomes difficult to maintain a designed ideal interface
shape in the manufacturing process.

When the first optical layer 4 includes an amorphous
polymer material as a primary component, a resin is

preferably used as a primary component in which the melting



less than 30 percent. However, when it was estimated that the decrease in reflectance was not
caused by the degradation of the metal layer due to cracks, the degradation state of the metal layer
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point is higher than the highest temperature in a
manufacturing process and a decrease in storage modulus at
the highest temperature in the manufacturing process is
small. ©Cn the other hand, if 2 resin 1is used in which the
melting peint is in a range of a room temperature of 25°C to
the highest temperature in a manufacturing process and a
decrease in storage modulus at the highest temperature in
the manufacturing process is large, a designed ideal
interface shape may be difficult to be maintained in the
manufacturing process.

In this embodiment, the highest temperature in a
manufacturing process indicates the highest temperature of
the concavo-convex surface (the first surface) of the first
optical layer 4 in the manufacturing process. It is
preferable when the second optical layer 5 alsc satisfies
the numerical value range of the storage modulus and the
temperature range of the glass transition point described
above.

That is, at least one of the first optical laver 4 and
the second optical layer 5 preferably contains a resin
having a storage modulus of 3x10° Pa or less at 25°C. The
reason for this 1s that since the flexibility can he
imparted to the cptical film 1 at a room temperature of 25°C,
the optical £ilm 1 can be manufactured by a roll-to-roll

manufacturing method.
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The first base member 4a and the second base member 5a
have, for example, transparency. Although the base member
preferably has a film shape in order to impart flexibility
to the optical film 1, the base member is not particularly
limited to this shape. As a material for the first base
member 4a and the second base member 5a, for example, a
common polymer material may be used. As the common polymer
material, for example, there may be mentioned a triacetyl
cellulose (TAC), a polyester (TPEE), a poly{ethylene
terephthalate} (PET), a polyimide (PI}, a polyamide {(PA)}, an
aramid, a polyethylene (PE), a polyacrylate, a
polyethersulfone, a peolysulfone, a polypropylene (PP), a
diacetyl cellulose, a poly(vinyl chloride}, an acryl resin
(PMMA), a polycarbonate (PC), an epoxy resin, a urea resin,
a urethane resin, or a melamine resin; however, the polymer
material is not particularly limited to the above materials.
In view of the productivity, the thickness of the first base
member 4a and that of the second base member 5a are each
preferably in a range of 38 to 100 um; however, the
thickness is not limited theretc. The first base member 4z
and the second base member 5a each preferably have energy
ray transparency. The reason for this is that as describe
below, an energy ray curable resin provided between the
wavelength-selective reflective layer 3 and the first base

memper 4a or the second base member 5a can be cured by
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irradiation of energy rays from the first base member 4a or
the second base member ba side.

The first optical layer 4 and the second optical layer
5 have, for example, transparency. The first optical laver
4 and the second optical laver 5 can be obtained, for
example, by curing a resin composition. As the resin
composition, in view of the ease of manufacture, an energy
ray curable resin to be cured by light, electron rays, or
the like or a thermosetting resin to be cured by heat is
preferably used. As the energy ray curable resin, a
photosensitive resin composition to be cured by light is
preferable, and an ultraviclet curable resin composition to
be cured by ultraviolet light i1s most preferable. In order
to improve the adhesion between the wavelength-selective
reflective layer 3 and the first optical layer 4 or the
second optical layer 5, the resin composition preferably
further contains a compound containing phosphoric acid, a
compound containing succinic acid, and/or a compound
containing butyrolactone. As the compound containing
phosphoric acid, for example, a (meth)acrylate containing
phosphoric acid may be used, and a {meth)acrylic moncmer
containing phosphoric acid as a functicnal group or an
oligomer therecf may be preferably used. As the compound
containing succinic acid, for example, a (meth)acrylate

containing succinic acid may be used, and a {(methjacrylic



¢ nopN6v AgNdCu AgNdCu e6v AgPdCu nom6v noPN6V AgNdCu OuZ

monomer containing succinic acid as a functional group or an
oligomer thereof may be preferably used. As the compound
containing butyrolactone, for example, a (meth)acrylate
containing butyrolactone may be used, and a {meth)acrylic
monomer containing butyrolactone as a functional group or an
oligomer thereof may be preferably used.

The ultraviolet curable resin composition contains, for
example, a (meth)acrylate and a photopolymerization
initiator. In addition, if necessary, the ultraviolet
curable resin composition may further contain a light
stabilizer, a flame retarder, a leveling agent, an
antioxidant, and the like.

As the acrylate, a monomer having at least two
(meth)acryloyl groups and/or an oligomer thereof is
preferably used. As this monomer and/or the oligomer
thereof, for example, a urethane (meth)acrylate, an epoxy
(meth)acrylate, a polyester (meth)acrylate, a polyol
(meth)acrylate, a polyether (meth)acrylate, or a melamine
(meth)acrylate may be used. Here, the (meth)acryloyl group
indicates one of an acryloyl group and a methacryloyl group.
In this embodiment, the oligomer indicates a molecule having
a molecular weight in a range of 500 to 60,000.

As the photopolymerization initiator, a compound
appropriately selected from common materials may be used.

As the common material, for example, a benzophenone



sOzcIN FOURTH LAYER ..., cocow E 1---z--E 0 Z4

derivative, an acetophencone derivative, and an anthraquinone
derivative may be used alone or in combination. The amount
of the polymerization initiator is preferably in a range of
0.1 to 10 percent by mass in a solid content. When the
amount is less than 0.1 percent by mass, photocurability is
degraded, and practical industrial production may not be
suitably performed. On the other hand, when the amount of
the polymerization initiator is more than 10 percent by mass,
and the amount of irradiation light is small, an odor tends
Lo remain in & coating film. In this case, the solid
content indicates all the components forming a cured hard
coat layer. In particular, for example, an acrylate, a
photopolymerization initiator, and the like are collectively
called the solid content.

A resin to which the structure can be transferred by
energy ray irradiation, heat, and the like is preferably
used, and as long as the above-described regquest for the
refractive index is satisfied, anv type of resin, for
example, a heat curable resin or an ionizing radiation
curable resin such as a vinvl resin or an epoxy resin, or a
thermoplastic resin such as polycarbonate or acrylate may be
used.

An oligomer may be added in order to decrease the
curing shrinkage. A polyisocyanate or the like may alsc be

included as a curing agent. In addition, in consideration
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of adhesion te the first optical laver 4 and the second
cptical layer 5, at least one of a monomer having a hydroxyl
group, a carboxyl group, or a phosphoric group; a
polyalcohel compound; a carboxylic acid; a silane, an
aluminum or a titanium coupling agent; and various chelating
agents may also be added.

The resin composition preferably further contains a
cross—linking agent. As this cross-~linking agent, in
particular, a cyclic cross-linking agent is preferably used.
The reason for this is that by using a cross-linking agent,
heat resistance can be imparted to the resin without
considerably changing the storage modulus at room
temperature. If the stcrage modulus at room temperature
considerably changes, the optical film 1 will become fragile,
and production of the optical film 1 by a roll-to-roll
process or the like becomes difficult. As the cyclic cross-
linking agent, for example, there may be mentioned dioxane
glycol diacrylate, tricycledecane dimethancl diacrylate,
tricyclodecane dimethanol dimethacrylate, ethylene oxide-
modified isocyanuric acid diacrylate, ethylene oxide-
modified isocyanuric acid triacrylate, or caprclactone-
nodified tris(acryloxyethyl) isocyanurate.

The first base member 4a or the second base member S5a
preferably has a lower water vapor transmission rate than

that of the first optical layer 4 or the second optical
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layer 5. For example, when the first optical laver 4 is
formed from an energy ray curable resin, such as a urethane
acrylate, the first base member 4a is preferably formed, for
example, of a poly{ethylene terephthalate) (PET) having
energy ray transmission properties and a lower water vapor
transmission rate than that of the first optical layer 4.
Accordingly, diffusion of moisture from the incident surface
S1 or the emission surface SZ to the wavelength-selective
reflective layer 3 can be suppressed, so that degradation of
a metal or the like contained in the wavelength-selective
reflective layer 3 can be suppressed., Therefore, the
durability of the optical film 1 can be improved. In
addition, the water vapocr transmission rate of a PET having

a thickness of 75 pum is approximately 10 g/m2 /day (40°C,

90

o

RH) .

It is preferable that at least one of the first optical
layer 4 and the second optical layer 5 includes a functional
group having high polarity, and that the content thereof in
the first optical layer 4 is different from that in the
second optical layer 5. It is preferable that the first
optical layer 4 and the second optical layer 5 both contain
a phosphoric acid compound, (such as a phosphoric ester),
and that the content therecof in the first optical layer 4 is

different from that in the second optical layer 5. The

content of a phosphoric acid compound in the first optical
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layer 4 1s preferably different from that in the second
optical layer 5 by two times or more, more preferably 5
times or more, and even more preferably by 10 times or more.

Wnen at least one of the first coptical layer 4 and the
second optical layer 5 contains a phosphoric acid compound,
the wavelength-selective reflective layer 3 preferably
contains an oxide, a nitride, or an oxynitride in a surface
thereof which is in contact with at least one of the first
cptical layer 4 and the second optical layer 5 which
contains a phosphoric acid compound. 1In particular, the
wavelength-selective reflective layer 3 preferably has a
layer containing zinc oxide or a niobium oxide which is in
contact with at least one of the first optical layer 4 and
the second optical layer 5 which contains a phosphoric acid
compound. The reason for this is to improve the adhesion
between at least one of these optical layers and the
wavelength-selective reflective layer 3.

Since imparting design characteristics to the optical
film 1, the window material 10, and the like, at least one
of the first cptical layer 4 and the second optical layer 5
preferably has properties of absorbing light having a
specific wavelength in the visible region. Although a
pigment to be dispersed in the resin may be any one of an
organic-based pigment and an inorganic-based pigment, in

particular, an inorganic pigment having inherent high
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weather resistance is preferably used. In particular, for
example, there may be mentioned inorganic pigments, such as
zircon gray (Co, Ni-doped ZrSiCy), praseodymium yellow (Pr-
doped Zr3i04), chromium titanium yellow (Cr, Sb-doped TiO; or
Cr, W-doped TiQ;), chrome green (such as Cr,;0:), peacock blue
((CoZn}C(AlCr) 03}, Victoria green (AL, Cr).0:), dark blue
(CoO-AL,03-5102), banadium zirconium blue (V-doped ZrSi0),
chrome tin pink (Cr-dcoped Ca0-5n0,-5i0;), manganese pink (Mn-
doped Alp03), and salmen pink (Fe-doped ZrSiO4); and organic
pigments, such as an azo pigment and a phthalocyanine
plgment.

{(Wavelength-Selective Reflective Layer)

The wavelength-selective reflective laver 3 is
preferably a wavelength-selective reflective laver which
selectively directionally reflects light in a specific
wavelength band while transmitting light other than that in
the specific wavelength band. The reason for this is that
when the optical film 1 is adhered to an adherend, such as a
window material, light in the specific wavelength band is
prevented from entering a predetermined space by directional
reflection, and light other than that in the specific
wavelength band can be introduced into the predetermined
space.

Fig. 7A is a cross-sectional view showing one

structural example of the wavelength-selective reflective
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layer 3. As shown in Fig. 7A, the wavelength-selective
reflective layer 3 has a laminate structure in which a metal
layer 32, a protective layer 33, and a high refractive index
layer 31 are sequentially laminated on the concavo-convex
surface of the first optical layer 4. In addition, if
necessary, at least two of the above laminate structures may
be laminated to form the wavelength-selective reflective
layer 3. When at least two of the above laminate structures
are laminated as described above, the wavelength selectivity
can be enhanced.

Fig. 7B i1s a cross-secticnal view showing another
structural example of the wavelength-selective reflective
layer 3. As shown in Fig. 7B, the wavelength-sslective
reflective layer 3 may further include ancother high
refractive index layer 31 between the concavo-convex surface
of the first optical layer 4 and the metal laver 32. When
the high refractive index lavyer 31 is further included as
described above, reflection of visible light can be further
suppressed.

The refractive index of the high refractive index layer
31 is preferably in a range of 1.7 to 2.6. The refractive
index described above is more preferably in a range of 1.8
to 2.6 and even more preferably in a range of 1.9 to 2.6.
The reason for this is that the antireflection in the

visible region is realizable by a film having a small
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thickness in which no cracks are likely to be generated. 1In
this case, the refractive index is at a wavelength of 530 nm.
The high refractive index layer 31 is a layer containing,
for example, a metal oxide as a primary component. As the
metal oxide, in order to reduce a stress of the layer and to
suppress the generatlon of cracks, a metal oxide other than
zinc oxide is preferably used. In particular, at least one
selected from the group consisting of nicbium oxide (such as
niobium pentoxide), tantalum oxide (such as tantalum
pentoxide), and titanium oxide is preferably used. The
thickness of the high refractive index layer 31 is
preferably in a range of 10 to 120 nm, more preferably in a
range of 10 to 100 nm, and even more preferably in a range
of 10 to 80 nm. When the thickness is less than 10 nm,
visible light tends to be easily reflected. On the other
hand, when the thickness is more than 120 nm, a decrease in
transmittance and the generation of cracks are liable to
ccour.

As the metal layer 32, for example, a metal material
having a high reflectance in the infrared region may be used.
As the metal material described above, for example, an
elemental substance, such as Au, Ag, Cu, Al, Ni, Cr, Ti, PBd,
Co, 5i, Ta, W, Mo, or Ge, or an alloy containing at least
two of the elemental substances mentioned above 1s contained

as a primary component. In addition, in consideration of
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the practicability of the above metal material, a Ag-based,
& Cu-based, an Al-based, a Si-based, or a Ge-based metal
material 1s preferably used among those mentioned above. In
addition, when an alloy is used as a material for the metal
layer 32, the metal layer 32 preferably contains as a
primary compenent AlCu, AlLTi, AI1Cr, AlCo, AlNdCu, AlMgSi,
AgPdCu, AgPdTi, AgCuTi, AgPdCa, AgPdMg, AgPdFe, AgNdCu, AgBi,
Ag, SiB, or the like. 1In addition, in order to suppress
corrosion of the metal layer 32, a material, such as Ti
and/or Nd, is preferably added to the metal layer 32. 1In
particular, when Ag is used as a material for the metal
layer 32, the above-mentioned material is preferably added.
In addition, the thickness of the metal layer 32 is
preferably in a range of 6 to 30 nm, more preferably in a
range of 7 to 25 nm, and even more preferably in a range of
8 to 20 nm. When the thickness is less than 6 nm, =since the
metal of the metal layer 32 becomes in the form of islands
or grains, the reflect function thereof tends to degrade.

On the other hand, when the thickness is more than 30 nm,
the transmittance tends to decrease.

The protective layer 33 is a protective layer which
suppresses the degradation of the metal layer 32 in a step
of forming the high refractive index layer 31. As the
protective layer 33, for example, a ZnO-based oxide

primarily composed cf a metal oxide containing at least an
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oxide of Zn 1s used. As the ZnO-based oxide, for example,
at least one selected from the group consisting of zinc
oxide (Zn0), gallium {(Ga} and aluminum (Al)-doped zinc oxide
{(GAZO), aluminum (Al)-doped zinc oxide (AZ0), and gallium
{(Ga) ~doped zinc oxide (GAZO) may be used. The thickness of
the protective layer 33 is preferably in a range of 3 to 30
nm, more preferably in & range of 4 to 20 nm, and even more
preferably in a range of 5 to 15 nm. When the thickness is
less than 3 nm, the metal layer 32 tends to degrade in the
step of forming the high refractive index layver 31. On the
other hand, when the thickness is more than 30 nm, cracks
are liable to be generated. This layer may alsoc contain at
least one dopant, such as aluminum (Al) or gallium (Ga) as
described above. The reason for this is that when the high
refractive index layer 31, which is a metal oxide layer, is
formed by a sputtering method or the like, the film quality
and the smocthness are improved.

(Function of Optical Film)

Figs. 8A and 8B are cross-sectional views each
illustrating one example of the function of an optical film.
Here, the case in which the structure has a prism shape of
an inclined angle of 45° will be described by way of example.
As shown in Fig. 8A, although some of near-infrared light I
of sunlight incident on this optical film 1 is directicnally

reflected skyward in a direction approximately equivalent to
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the incident direction, visible light 1L, transmits the
optical f£ilm 1.

In addition, as shown in Fig. 8B, the light incident on
the optical film 1 and reflected on the reflective laver
surface of the wavelength-selective reflective layer 3 is
separated into a component Lp reflected skyward and a
component Lg not reflected skyward at a ratio in accordance
with the incident angle. 1In addition, after being
specularly reflected at the interface between the second
optical layer 5 and alr, the component Lz not reflected
skyward is finally reflected in a direction different from
the incident direction.

Wnen the incident angle of light is represented by o,
the refractive index of the first optical laver 4 is
represented by n, and the reflectance of the wavelength-
selective reflective layer 3 1s represented by R, ﬁhe ratio
of the component L, reflected skyward to all the incident
components 1s represented by the following formula (1).

X ={gin{4b-a')+cos(45-a') /tan{45+a')) /{sin{db-o" ) +cos (45—
o)) xR2 e (1)

In the above formula, a'=sin™{sinea/n) holds.

If the ratic of the component Ly not reflected skyward
increases, the ratio of the incident light reflected skyward
will degrease. In order to increase the ratioc of the

skyward reflection, appropriate designing of the shape of
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the wavelength-selective reflective layer 3, that is,
appropriate designing of the shape of the structure 4c¢ of
the first optical layer 4, is effective. For example, in
order to increase the ratio of the skyward reflection, the
shape of the structure 4c preferably has the lenticular
shape shown in Fig. 5C or the asymmetrical shape shown in
Fig. 6A. By the structures described above, although light
may not be reflected in the completely same direction as
that of the incident light, the ratio of light reflected
upward to the light incident above a building window
material and the like can be increased. Since one
reflection of the incident light by the wavelength-selective
reflective layer 3 1s encugh as shown in Fig. 92 and Fig. 9B,
the two shapes shown in Figs. 5C and 62 can increase a final
reflection component as compared to that by the shape as
shown in each of Figs. BA and 8B in which reflection is
performed twice {(or 3 times or more). For example, when
two~time reflection 1s used, 1f the reflectance of the
wavelength~selective reflective layer 3 is assumed 80% at a
certain wavelength, the skyward reflectance is thecretically
64%, and when the reflection is performed once, the skyward
reflectance is 80%.

Figs. 10A and 10B show the relationship of a ridgeline
1: 0of the columnar structure 4c¢ with the incident light L

and the reflected light L;. It is preferable that of the
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incident light L incident on the incident surface S1 at an
incident angle (0, ¢), the optical film 1 selectively
directiconally reflects the light I, in a specific wavelength
band in a direction (8o, -¢) (0°<B0<90°) while transmitting
the light L, other than that in the specific wavelength band.
The reason for this is that when the relationship as
described above is satisfied, the light in the specific
wavelength band can be reflected skyward. In this case, 0
indicates an angle formed between the normal 1; to the
incident surface 51 and the incident light L or the
reflected light L;. In addition, ¢ indicates an angle formed
between the straight line 1l; which perpendicularly
intersects the ridgeline 1z of the columnar structure 4c in
the incident surface 31 and a component of the incident
light L or the reflected 1ight IL:; which is projected on the
incident surface S1. In addition, an angle 8 rotated
clockwise around the normal 1; is represented by "+8", and an
angle O rotated anticlockwise is represented by "-0%. An
angle ¢ rotated clockwise around the straicht line 1, is
represented by "+¢", and an angle ¢ rotated anticlockwise is
represented by "-¢."
[Manufacturing Apparatus of Optical Film]

Fig. 11 i1s a schematic view showing cne structural
example of a manufacturing apparatus for manufacturing an

optical film according to the first embodiment of the



GONN sONN 90,e1 90NN cONN OuZ sONN EXAMPLE1

present invention. As shown in Fig. 11, this manufacturing
apparatus includes laminate rolls 41 and 42, a guide roll 43,
a coating device 45, and an irradiaticon device 46,

The laminate rolls 41 and 42 are arranged so as to nip
an optical layer 9 provided with a reflective layer and the
second base member 5a. The optical laver 9 provided with a
reflective laver is formed by feorming the wavelength-
selective reflective lavyer 3 on one primary surface of the
First optical layer 4. In addition, as the optical layer 9
provided a reflective layer, the first base member 4a may be
formed on a primary surface of the first optical layer 4
other than the surface on which the wavelength-selective
reflective layer 3 is formed. In this example, the case is
shown in which the wavelength-selective reflective layer 3
is formed on cone primary surface of the first optical laver
4, and the first base member 4a is formed on the other
primary surface thereof. The guide roll 43 is arranged at a
transport path c¢f this manufacturing apparatus so as to
transport the belt-shaped optical film 1. Materials for the
laminate rolls 41 and 42 and the guide roll 43 are not
particularly limited, and in accordance with desired roll
properties, for example, a metal, such as stainless steel, a
rubber, cor & silicone may be appropriately used.

For example, a device having a coating unit, such as a

coater, may be used as the coating device 45. As the coater,



EXAMPLE2 EXAMPLE3 EXAMPLE4 EXAMPLES EXAMPLE@ EXAMPLE7 EXAMPLE@
COMPARATIVE EXAMPLE1 COMPARATIVE ,EXAMPLEZ2

in consideration of the physical properties and the like of

a resin compecsition to be applied, for example, a gravure
coater, a wire bar coater, or a die coater may be
appropriately used. The irradiation device 46 is an
irradiation device which radiates ionizing rays, such as
electron rays, ultraviolet rays, visible rays, or gamma rays.
In this example, the case in which a UV lamp which radiates
ultraviclet rays i1s used as the irradiation device 46 is
shown.

[Method for Manufacturing Optical Film]

Hereinafter, with reference to Figs. 11 to 14C, one
example of a methed for manufacturing an optical film
according to the first embodiment of the present invention
will be described. In addition, in consideration of the
productivity, a manufacturing process shown below is
preferably performed partially or entirely by a roll-to-roll
method as shown in Fig. 11. However, the step of forming a
meld is performed independently.

First, as shown in Fig. 123, a mold 21 having the same
concavo-convex shape as that of the structure 4c or a mold
(replica) having a reversed shape thereof is formed, for
example, by cutting tool processing or laser processing.
Next, as shown in Fig. 12ZB, the concavo-convex shape of the
above mold 21 is transferred to a film-shaped resin material,

for example, using a melt extrusion method or a transfer
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method. As the transfer method, for example, there may be
mentioned a methed in which an energy ray curable resin is
poured in a mold and 1s then cured by irradiation of energy
rays, a method in which a shape is transferred to a resin by
applying heat and/or pressure thereto, and a2 method in which
a resin film is supplied from a roll, and a mold shape is
transferred thereto by applving heat (lamination transfer
method). Accordingly, as shown in Fig. 12C, the first
optical layer 4 is formed so that one primary surface
therecf has the structures 4c.

In addition, as shown in Fig. 12C, the first coptical
layer 4 may be formed on the first base member 4a. In this
case, for example, a methoed is used in which after the film-
shaped first base member 4a is supplied from a roll, and an
energy ray curable resin is applied on this base member, the
resin is pressed on the mold so that the shape thereof is
transferred and is cured by irradiation of energy rays. In
addition, the resin preferably further contains a cross-
linking agent. The reason for this is that heat fesistance
can be imparted to the resin without considerably changing
the storage modulus at room temperature.

Next, as shown in Fig. 132, the wavelength-selective
reflective layer 3 is formed on one primary surface of the
first optical layer 4. As a method for forming the

wavelength-selective reflective layer 3, for example, a
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sputtering method, a deposition method, or a CVD (Chemical
Vapor Deposition) method may be mentioned.

First, the first optical layer 4 in which the one
primary surface thereof has the structures 4c is transported
into a vacuum chamber in which a target primarily composed
of a metal cxide, such as niobium pentoxide, is provided.
Next, the target is sputtered while a process gas is
introduced into the vacuum chamber, so that the high
refractive index layer 31 is formed on cone primary surface
(concavo-convex surface) of the first optical layer 4.

Next, the first optical layer 4 provided with the high
refractive index layer 31 on one primary surface is
transported into a vacuum chamber in which a target
primarily composed cf a metal material having a hicgh
reflectance in the infrared region is provided. Next, while
a process gas ils introduced into the vacuum chamber, the
target 1s sputtered, sco that the metal layer 32 is formed on
the high refractive index layer 31.

Next, the first optical layer 4 provided with the metal
layer 32 on one primary surface is transported into a vacuum
chamber in which a target primarily composed of a ZnO-based
oxide is provided. Next, the target is sputtered while a
process gas (inert gas) is introduced into the vacuum
chamber, so that the protective laver 33 is formed on the

metal layer 3Z. As described above, since the target
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primarily ceomposed of a Zn-based oxide is sputtered using an
inert gas, such as Ar, degradation of the metal layer 32
used as an underlayer can be suppressed.

Next, the first optical layer 4 provided with the
protective layer 33 on cne primary surface is transported
into a vacuum chamber in which a target primarily composed
of a metal oxide, such as niobium pentoxide, is provided.
Next, the target is sputtered while a process gas is
introduced into the vacuum chamber, so that the high
refractive index layer 31 1s formed on the protective layer
33. Accordingly, the targeted wavelength-selective
reflective layer 3 is formed.

Next, if necessary, the metal lavyer 32, the protective
layer 33, and the high refractive index layer 31 may be
repeatedly laminated at least twice. In this case, the
wavelength-selective reflective layer 3 is formed by
laminating at least two repealting units esach including the
metal layer 32, the protective layer 33, and the high
refractive index laver 31.

Next, as shown in Fig. 13B, if necessary, an annealing
treatment 310 is performed on the wavelength-selective
reflective layer 3. The temperature of the annealing
treatment is in a range, for example, of 100°C to 250°C.
Next, as shown in Fig. 13C, an uncured resin 22 is applied

on the wavelength-selective reflective layer 3. As the
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resin 22, for example, an energy ray curable resin or a
thermosetting resin may be used. As the energy ray curable
resin, an ultraviclet curable resin is preferable. Next, as
shown in Fig. 14A, a laminate is formed by placing the
second base member 5a on the resin 22. Next, as shown in
Fig. 14B, while the resin 22 is cured, for example, with
irradiation of energy ravs 320 or heat application 320, a
pressure 330 i1s applied to the laminate. As the energy ravys,
for example, electron rays, ultraviolet rays, visible ravs,
gamma rays, or electron rays may be used, and in view of
production facilities, ultraviolet rays are preferable. An
accumulated irradiaticn amount is preferably selected in
consideration of curing properties of the resin, suppression
of yellowing cof the resin and the base members, and the like.
The pressure applied to the laminate is preferably in a
range cf 0.01 to 1 MPa. When the pressure is less than (.01
MPa, travelling performance of a film may cause a problem.
On the other hand, when the pressure is more than 1 MPa, a
metal roll is necessarily used as a nip roll, and pressure
irregularity may be liable to be generated. Accordingly, as
shown in Fig. 14C, the second optical layer 5 is formed on
the wavelength-selective reflective layer 3, sc that the
optical film 1 is obtained.

By using the manufacturing apparatus shown in Fig. 11,

a method for forming the optical film 1 will be particularly
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described. Iirst, the sscond base member 5a is fed from a
base member supply roll (not shown), and this second base
mempber Sa thus fed is allowed to pass under the coating
device 45. Next, an ionizing ray curable resin 44 is
applied by the coating device 45 on the second base member
Sa passing thereunder. Next, the second base member 5a on
which the ionizing ray curable resin 44 is applied is
transported to the laminate rolls. ©On the other hand, the
optical layer 9 provided with a reflective layer is fed from
an optical layer supply roll (not shown) towards the
laminate rolls 41 and 42.

Next, the second base member 5a and the optical layer 9
provided with a reflective layer, which are transported, are
held between the laminate rolls 41 and 42 so that air
bubbles are not trapped between the second base member 5a
and the optical layer 9 provided with a reflective laver,
and the optical layer 9 provided with a reflective layer is
laminated on the second base member 53a. Next, while the
second base member 5a on which the optical layer 9 provided
with a reflective layer i1s laminated is transported along a
peripheral surface of the laminate roll 41, the ionizing ray
curable resin 44 1s cured by irradiation of ionizing ravs
from a second base member 5a side using the irradiation
device 46. Accordingly, the second base member 5a and the

optical layer 9 provided with a reflective laver are adhered
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to each other with the ionizing ray curable resin 44
interposed therebetween, so that the targeted long optical
film 1 is formed. Next, the belt-shaped optical film 1 thus
formed is wound by a winding roll (not shown). As a result,
an original fabric formed by winding the belt-shaped optical
film 1 is obtained.

When the process temperature for forming the above
second optical layer is set to t°C, the cured first optical
layer 4 preferably has a storage modulus of 3x10° Pa or more
at (t-20)°C. In this case, the process temperature t
indicates, for example, a heating temperature of the
laminate roll 41. Since the first optical laver 4 is
provided, for example, on the first base member 43 and is
transported along the laminate roll 41 with the first base
member 4a interposed therebetween, 1t is experientially
understood that the temperature actually applied to the
first optical layer 4 is apéroximately (t-20)°C. Therefore,
when the storage modulus at (£-20)°C of the first optical
layer 4 is set to 3x10’ Pa or more, the concavo-convex shape
of the interface inside the optical layer can be suppressed
from deformation caused by heating with or without pressure
application.

In addition, the first optical layer 4 preferably has a
storage modulus of 3x10° Pa or less at 25°C. Recordingly,

flexibility can be imparted to the optical film at room
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temperature. Therefore, the optical film 1 can be formed by
a manufacturing process, such as a roll-to-roll process.

In ceonsideration of the heat resistances of resins used
for the optical layer and the base members, the process
temperature t is preferably 200°C or less. However, when a
resin having high heat resistance 1s used, the process
temperature t may be set to 200° or more.

As described above, according to the coptical film I of
the first embodiment, the wavelength-selective reflective
layer 3 has the structure in which the metal layer 32, the
protective layer 33, and the high refractive index layer 31
are sequentially laminated in this order on the concavo-
convex surface of the first optical layer 4. The high
refractive index layer 31 is primarily composed of a metal
oxide other than zinc oxide. Therefore, the stress of the

layer can be reduced, and the generation of cracks can be

b
1831

suppressed. In additicn, when the protective layer 33
formed by a sputtering method using a target primarily
composed of & metal oxide, degradation of the metal layer 32
used as an underlaver can be suppressed.
<Modified Examples>

Hereinafter, modified examples of the above embodiment
will be described.
[First Modified Example]

Flg. 15A is a cross-sectional view showing a first
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modified example according to the first embodiment of the
present invention. As shown in Fig. 15A, an optical film 1
according to this first modified example has an incident
surface S1 having a concavo-convex shape. The concavo-
convex shape of this incident surface $1 and a concavo-
convex shape of a first optical layer 4 are formed, for
example, so that both the concavo-convex shapes may
correspond to each other, and the position of the vertex of
each convex portion and the position of the bottom of each
concave portion of the incident surface coincide with those
of the first optical layer 4. The concavo-convex shape of
the incident surface S1 is preferably gentler than the
concavo-convex shape of the first optical laver 4,

[Second Modlfied Example]

Fig. 15B 1s a cross-secticnal view showing a second
modified example according to the first embodiment of the
present invention. As shown in Fig. 15B, in an optical film
1 according to this second medified example, the position of
the vertex of each convex portion of a concavo-convex
surface of a first optical layer 4 on which a wavelength-
selective reflective layer 3 is formed is formed to have a
height approximately equivalent to the height of an incident
surface S1 of the first optical lavyer 4,
<2. Second Embodiment>

Figs. 16A to 19B are views each showing an example of
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the structure of an optical film according to a second
emboediment of the present invention. In the second
empbodiment, elements corresponding to those in the first
empodiment are designated by the same reference numerals as
those Iin the first embodiment. In the second embodiment,
structures 4c are two-dimensicnally arranged in one primary
surface of a first optical layer 4, and this is a point
different from that of the first embodiment.

As shown in Figs. 16A and 16B, for example, one primary
surface of the first optical layer 4 is formed so that
columnar structures (pillar shaped structures) 4c are
arranged tc orthogonally intersect each other. In
particular, first structures 4c¢ arranged in a first
direction and second structures 4c arranged in a second
direction perpendicular to the first direction are arranged
so as to penetrate each other throuch side surfaces thereof.
For example, the columnar structure 4c¢ 1s a convex portion
cr a concave portion having a columnar shapes, such as a
prism shaper (Fig. 12A) or a lenticular shape {Fig. 12R).

In addition, for example, structures 4c¢ each having a
spherical shape or a corner cube shape may be two-
dimensionally arranged in one primary surface of the first
cptical laver 4 in a closest-packed state so as to form a
close-packed array, such as a sguare close-packed array, a

delta close-packed array, or a hexagonal close-packed array.
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As shown in Figs. 17A to 17C, for example, the sguare close-
packed array is formed by arranging structures 4c each
having a guadrangular bottom surface (such as a square
shape) in a square close-packed state. For example, as
shown in Figs. 18A to 18C, the hexagonal close-packed array
is formed by arranging structures 4c each having a hexagonal
bottom surface in a hexagonal close-packed state. For
example, as shown in Figs. 122 and 19B, the delta close-
packed array 1s formed by arranging structures 4c each
having a triangle bottom surface (such as a triangular
pyramid) in a closest-packed state,

The structure 4c is a convex portion or a concave
portion of a corner cube shape, & hemispherical shape, a
semi-ellipscidal shape, a prism shape, a free-form shape, a
pelygonal shape, a conical shape, a polygonal pyramid shape,
a truncated cone shape, a paraboloidal surface shape, or the
like. The bottom of the structure 4c has, for exzample, a
circular shape, an elliptical shape, or a polygonal shape,
such as a triangular shape, a quadrangular shape, a
hexagonal shape, or an octagonal shape. A pitch Pl and a
pitch P2 of the structure 4c are preferably appropriately
selected in accordance with desired optical properties. In
addition, when the primary axis of the structure 4c is
inclined with respect to the normal orthogonal to an

incident surface of an optical film 1, it is preferable that
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the primary axis of the structure 4c is inclined in at least
cne arrangement direction of the two-dimensional arrangement
cf the structures 4c. When the optical film 1 is adhered on
& window material arranged in a direction approximately
perpendicular to the ground, it is preferable that the
primary axis of the structure 4c is inclined to a lower side
of the window material (ground side) with respect to the
normal.

When the structure 4c has a corner cube shape, if a
ridgeline R is large, the primary axis is preferably
inclined skyward, and in order to suppress downward
reflection, the primary axis 1s preferably inclined to the
ground side. Since being obliquely incident on a film,
sunlight is not likely to reach the back of the structure,
and hence, the shape thereof at an incident light side is
important. That is, when R of a ridgeline portion is large,
the amount of retrereflection light is decreased, and hence,
by inclining the primary axis skyward, this phenomenon can
be suppressed. In addition, in the corner cube body, when
reflection is performed three times at a reflection surface,
the retroreflection can be realized; however, light
partially leak in a direction other than that of the
retroreflection when reflection is performed twice. By
inclining the corner cube to the ground side, a large part

of this leakage light can be returned skyward. As described
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above, in accordance with the shape and/or the purpose, the
primary axis may be inclined in any direction.
<3. Third Embodiment>

In a third empodiment, light having a specific
wavelength 1s directionally reflected, light having a
wavelength other than the specific wavelength is scattered,
and this is a point different from that of the first
embodiment. An optical film 1 includes a light scattering
material scattering incident light. This scattering
material is provided, for example, at at least one of places
located on 2 surface of an optical layer 2, in the optical
layer Z, and between a wavelength-selective reflective laver
3 and the optical lavyer 2. The‘light scattering material is
preferably provided at at least one of places located
between the wavelength-selective reflective layer 3 and a
first optical layer 4, in the first optical laver 4, and on
the surface thereof. When being adhered to a support member,
such as & window material, the optical film 1 may be applied
to either an indoor side or an outdoor side. When the
optical film 1 is adhered to the outdoor side, a light
scattering material scattering light having a wavelength
other than the specific wavelength is preferably provided
only between the wavelength-selective reflective layer 3 and
the support member, such as a window materizl. The reason

fer this is that when the light scattering materizl is



__lctic2w1-.;( OZVO OZVO OZVO 0OZVO 0ZVO

present between the wavelength-selective reflective layer 3
and an incldent surface, directional reflection properties
are leost. In addition, when the optical film 1 is adhered
to the indoor side, the light scattering material is
preferably provided between the wavelength-selective
reflective layer 3 and an emission surface opposite to the
adhesion surface.

Fig. 20A is a cross-sectional view showing a first
structural example of the optical film 1 according to the
third embodiment of the present invention. 2As shown in Fig.
20A, the first optical layer 4 contains a resin and fine
particles 11. The fine particles 11 have a different
refractive index from that of the resin which is a primary
component of the first optical layer 4. As the fine
particles 11, for example, at least one type of organic
particles and incrganic particles may be used. In addition,
hollow fine particles may also be used as the fine particles
11. As the fine particles 11, for example, inorganic
particles, such as silica or alumina, or organic particles,
such as a polystyrene, an acrylic resin, or a copolymer
thereof, may be mentioned, and silica fine particles are
particularly preferable.

Fig. 20B 1s a cross-sectional view showing a second
structural example of the cptical film 1 according to the

third embodiment of the present invention. As shown in Fig.
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20B, the optical film 1 further includes a light diffusion
layer 12 on the surface of the first optical layer 4. The
light diffusion layer 12 contains, for example, a resin and
fine particles. As the fine particles, the same particles
as those described above may be used.

Fig. 20C is a cross~sectional view showing a third
structural example of the optical film 1 according to the
third embodiment of the present invention. As shown in Fig.
20C, the optical film 1 further includes a light diffusion
layer 12 between the wavelength-selective reflective laver 3
and the first optical layer 4. The light diffusion layer 12
contains, for example, a resin and fine particles. As the
fine particles, the same particles as those described above
may be used,.

According to the third embodiment, light, such as
infrared light, having a specific wavelength can be
directionally reflected, and light, such as visible light,
having a wavelength other than the specific wavelength, can
be scattered. Therefore, when the optical film 1 is made
clouded as described above, design characteristics may be
imparted thereto.
<4. Fourth Embodiment>

According to this embodiment, a self-cleaning effect
layer (not shown) having a cleaning effect is further

provided on an incident surface of an optical film 1. The



coLti=Et-0M"E ZOt0'12

self-cleaning effect layer contains, for example, a
photocatalyst. As the photocatalyst, for example, TiO, may
be used.

As described above, light in a specific wavelength band
is partially reflected by the optical film 1. For example,
when the optical film 1 is used ocutdoors or in a very dirty
room, light 1s scattered by dust attached to the surface of
the optical film 1, and directicnal reflection properties
thereof will be lost; hence, the surface of the optical film
1 preferably maintains optically transparency at any time.
Therefcore, it is preferable that the surface is excellent,
for example, in water-repellent or hydrophilic properties
and automatically exhibits a cleaning effect.

According to this embodiment, since the self-cleaning
effect layer is fcormed on the incident surface of the
optical film 1, for example, water-repellent or hydrophilic
properties can be imparted to the incident surface.
Therefore, adhesion of stains or the like to the incident
surface is suppressed, and degradation in directional
reflection properties can be suppressed.

[Examples]

Hereinafter, although the present invention will be
particularly described with reference to the examples, the
present invention is not limited only to these examples.

(Example 1)
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First, a mold roll made from Ni-P having fine
triangular pyramid shapes shown in Figs. 21A to 21C was
formed by machining using a cutting tool. Next, after a
urethane acrylate resin (Aronix, refractive index after
curing: 1.533, manufactured by Toagosei Company, Limited)
was applied on a PET film (A4300, manufactured by Toycbe Co.,
Ltd.) having a thickness of 75 pum and was cured by
irradiation of UV light from a PET film side while being in
close contact with the mold roll, a laminate of the resin
and the PET was peeled off from the mold roll. Accordingly,
a resin layer (hereinafter, referred as a shaped resin
layer) having triangular pyramid shapes was formed on the
PET film. Next, a wavelength-selective reflective laver
having a film thickness structure shown in Table 1 was
formed by a sputtering method on the surface having the
triangular pyramid shapes formed by the mold rcll. A
protective layer was formed by a direct current pulse
sputtering method using a GAZO oxide target containing
Gay03/Al,03/ZnC=0.57/0.31/99.12 at% (on an atomic percent
basis}, which was formed by doping ZnC with Gay0s and Al.Cs,
and 100% of an argon gas as a sputtering gas. A metal layer
was formed by a direct current sputtering method using an
alloy target containing Ag/Nd/Cu=9%9.0/0.4/0.6 at% and 100%
of an argen gas as a sputtering gas. A high refractive

index layer was formed by a direct current pulse sputtering
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method using a Nb;0s; ceramic target and a mixed gas
atmosphere containing an argon gas and an oxygen gas in an
amount of 20% with respect to the amount of the argon gas as
a sputtering gas. The transmission image clarities measured
using optical combs were 68 at a width of 0.125 mm, 83 at a
width of 0.5 mm, 91 at a width of 1.0 mm, 97 at a width of
2.0 mm, and 339 as the total. Accordingly, a targeted
optical film was obtained. 1In addition, as for the
transmission image clarity, the transparency ocbtained in
each of the following other examples was equivalent to that
obtained in Example 1.

{(Example 2)

An optical film was obtained in a manner similar to
that in Example 1 except that the film thickness structure
of the wavelength-selective reflective layer was formed as
shown in Table 1.

(Example 3)

An coptical film was obtained in a manner similar to
that in Example 1 except that the film thickness structure
of the wavelength-selective reflective layer was formed as
showrn in Table 1.

{Example 4)

An optical film was obtained in a manner similar to

that in Example 1 except that the film thickness structure

of the wavelength-selective reflective laver was formed as
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shown in Table 1. 1In addition, in order to form the metal
layer, an alloy target containing Ag/Bi=99.0/1.0 at% was
used.
(Example 5)

An optical fllm was obtained in a manner similar to

-

that in Example 1 except that the film thickness structure
of the wavelength-selective reflective layer was formed as
shown in Table 1. 1In addition, in order to form the metal
layer, an alloy target containing Ag/Pd/Cu=89.0/0.4/0.6 ats
was used.

{(Example &)

An optical film was obtained in a manner similar to
that in Example 1 except that the film thickness structure
of the wavelength-selective reflective layer was formed as
shown in Table 1. 1In addition, the high refractive index
layer was formed by a direct current pulse sputtering method
using a metal target of Ta and a mixed gas atmosphere
containing an argon gas and an oxygen gas in an amount of
18% with respect to the amount of the argon gas as a
sputtering gas.

(Example 7)

An optical film was obtained in a manner similar to
that in Example 1 except that the film thickness structure
of the wavelength-selective reflective layer was formed as

shown in Table 1.
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(Example 8)

An optical film was obtained in a manner similar to
that in Example 1 except that the film thickness structure
of the wavelength-selective reflective layer was formed as
shown in Table 1.

(Comparative Example 1)

An optical f£ilm was cbtained in a manner similar to
that in Example 1 except that the film thickness structure
of the wavelength-selective reflective layer was formed as
shown in Table 1.

(Comparative Example 2)

An optical film was obtained in a manner similar to
that in Example 1 except that the film thickness structure
of the wavelength-selective reflective layer was formed as
shown in Table 1. In addition, the high refractive index
layer was formed by a direct current pulse sputtering method
using a ZnO target and 100% of an argon gas as a sputtering
gas.

(Comparative Example 3)

An optical film was obtained in a manner similar to
that in Example 1 except that the film thickness structure
of the wavelength-selective reflective layer was formed as
shown in Tabkle 1.

(Comparative Example 4)

An optical film was obtained in & manner similar to
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that in Example 1 except that the film thickness structure
of the wavelength-selective reflective laver was formed as
shown in Table 1. 1In addition, the protective layer was
formed by & direct current sputtering method using a metal
target of Ta and 100% of an argon gas as a sputtering gas.
(Comparative example 5)

An optical fiim was obtained in a manner similar to
that in Example 1 except that the film thickness structure
of the wavelength-selective reflective laver was formed as
shown in Table 1. In addition, the protective layer was
formed by a direct current sputtering method using a metal
target of Ta and 100% of an argon gas as a sputtering gas.

Cracks, spectral properties, and oxidation of the metal
layer of each of the optical films obtained in Examples and
Comparative Examples were evaluated as described below.
(Crack Evaluation)

First, the wavelength-selective reflective layer on the
concavo-convex shape was observed at a magnification of 500
times using an optical microscope (MX61L, manufactured by
Olympus Corp.;, and the generation of crack and peeling
along a ridgeline (hereinafter referred to as an "inspection
standard ridgeline") between adjacent two triangular pyramid
shapes was confirmed. When it was difficult to judge the
generation using an optical microscope, the wavelength-

selective reflective layer on the concavo-convex shape was
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observed at a magnification of 500 times using an analytical
electron microscope (SEM-EDS XIL30 FEG+E DAX, manufactured by
Philips). Subseguently, in a manner similar to that of the
above case using an optical microscope, the generation of
ridgeline crack and peeling was again confirmed. Some of
these observation results are shown in Fig. 23A (Example 1),
Fig. 23B (Comparative Example 1), Fig. 25A (Comparative
Example 2), and Fig. 25B {(Example 2).

Next, when the length ¢f the inspection standard
ridgeline was represented by Ri, and the length of a portion
at which the ridgeline crack and peeling was generated along
the inspection standard ridgeline was represented by Rc, y
obtained by the following formula (2} was regarded as the
ratio of the ridgeline crack and peeling, and the generation
state of the ridgeline crack and peeling was judged in
accordance with the following criteria. The results are
shown in Table 1.

y (%) =Rc/Ri = 100 cee (2

A: Ridgeline crack and peeling is less than 10 percent of
the inspection standard ridgeline.

B: Ridgeline crack and peeling is 10 to less than 30 percent
of the inspection standard ridgeline.

C: Ridgeline crack and peeling is 30 percent or more of the
inspection standard ridgeline.

{Bvaluaticn of Spectral Properties)
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First, the transmittance and the reflectance at a
measurement wavelength region of 300 to 2,600 nm were
measured using a spectrophotometer (SolidSpec-3700DUV,
manufactured by Shimadzu Corporation). The results are
shown in Figs. 26A to 32B. Next, the state of degradation
{oxidation) of the metal layer was Judged in accordance with
the fellowing criteria using the value of a reflectance at a
wavelength of 1,200 nm. The results are shown in Table 1.
In addition, for the measurement of the reflectance, a light
source radiates light from a shaped resin layer side, and
measurement was performed using an integrating sphere.

A; Reflectance is 35 percent or more.
B: Reflectance is 30 to less than 35 percent.
C: Reflectance 1s less than 30 percent.

However, when 1t was estimated that the decrease in
reflectance was not caused by the degradation of the metal
layer due to cracks, the degradation state of the metal
layer was evaluated using an AES apparatus (Auger Electron
Spectroscopy) (FE~AES PHI-7100, manufactured by ULVAC, Inc.).
The results are shown in Fig. 33 (Example 7).

Table 1
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[COMPARATIVE' EXAMPLE3 1 COMPARATIVE EXAMPLE4 COMPARATIVE EXAMPLES In
Table 1, the average thicknesses of films of the wavelength-selective reflective layer of each of
Examples 1 to 8 and Comparative Examples 1 to 5 formed on the concavoconvex surface were
measured as described below. That is, after a wavelength-selective reflective layer was formed on a
smooth film under the same conditions used for forming the wavelength-selective reflective layer on
the shaped resin layer in each of Examples 1 to 8 and Comparative Examples 1 to 5, each sample
was cut along the cross-section thereof using a focused ion beam (FIB) technique, and the thickness
of each film of the sample was measured using a transmission electron microscope (TEM), so that the

average thickness was obtained based on the measured values. In addition, it was confirmed that the
average thickness thus measured coincided with an average thickness t2 measured at a middle point
of an oblique tine of adriangledforming a triangular pyramid of the shaped resin layer in an n2 direction
(see Fig. 22). The reason the position on the triangular pyramid at which the measured average
thickness coincides with the average thickness t2 is specified is that when the average thickness of the
wavelength-selective reflective layer formed on the triangular pyramid of the shaped resin layer is
measured, the above average thickness changes depending on the position on the triangle forming the
triangular pyra&@mnid asshown # Fjg. 22. In this case, an nl direction and the n2
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direction indicate the following directions shown in Fig. 22. The nl direction indicates a direction
perpendicular to the inclined surface of a prism shape of the PET film. The n2 direction indicates a
direction perpendicular to the primary surface of the PET film (thickness direction of the PET film).
From Table 1, Figs. 23A and 233, and Figs. 24A and 243, the following can be found. In
Comparative Example 1, the high refractive index layer is formed of a ZnO-based material, and many
cracks are generated along the ridgeline and in the inclined surface of the triangular pyramid. By this
influence, the degradation of the metal layer is promoted, and the reflex function was degraded. On
the other hand, when Nb205 or the like is used for the high refractive index layer, cracks were not
frequently generﬁted a material such as Nb205 is preferably used for the high refractive

dingly,,
index layer insted o?gﬁ %Lrls ng é%@fﬁ%g@@?ngt@ﬁgl}fmeﬁ8ﬁ1 PAbIE g D5 %End 253, Figs.
26A and 263,,and Figs, 278:and- 273, tPSﬁ?'é%iEQ&aﬂaR?eﬁougg't%a n Comparatiye Example 2, since

no protective layer is provided, the metal layer is degraded when the high refractlvfeD w?gex layer is
formed byweactiversputteting By ihis influences thei spectral properties are-degraged kaddition, in
Comparative Example 3, since the protective layer is formed to have a small thickness, the metal
layer is degPadetkwhen e Righerefrattive index layerds formiétkby redctive splitteting.sBy this
influence, ti%g spectral §ro erties are de%rapled. Although the protective layer is formed to have a large
thickness i EXAmple"2 thefd 18 b Gifference i shREtrafPropertiesrdm {Re basSitstrictiiral product of
Example 1, Noytacks 21q gengraled Ih (i scuie,as 1L Rxaaiple, Fromyiis espit it is found
that the protective layer is indispensable, and the thickness thereof on the CONGaVO-convex shape is
preferably.ia-eeraage of 340 30-nmy Sincerthedhickaess: oktheprotactive ayes at thesvertex of the
convex portion is approximately twice the thickness at the base, in order to obtain sufficient barrier
propertiesléenrat the dase, thé protaunve sayer preferably hasrepthickness ok 8ampbemdre.  From

Table 1, Figs. §8A and 283, and Figs. 29A and_29B, the following can be found.
to 5, each sample was cut along the cross-section thereof

using a focused ion beam (FIB) technigue, and the thickness
of each film of the sample was measured using a transmission
electron microscope (TEM), so that the average thickness was
obtained based on the measured values. 1In addition, it was
confirmed that the average thickness thus measured coincided
with an average thickness tZ measured at a middle point of.
an obligue line of a triangle forming a triangular pyramid
of the shaped resin layer in an n2 direction (see Fig. 22).
The reason the peosition on the triangular pyramid at which
the measured average thickness coincides with the average
thickness t2 is specified is that when the average thickness
of the wavelength-selective reflective layer formed on the
triangular pyramid of the shaped resin layer is measured,
the above average thickness changes depending on the
position on the triangle forming the triangular pyramid as

shown in Fig. 22. 1In this case, an nl directicn and the n2
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In Comparative Example 4, Ta is used for the protective layer, and the thickness thereof is decreased
to 2 nm. As a result, barrier properties on the concavo-convex shape are insufficient, and the metal
layer is degraded when the high refractive index layer is formed by reactive sputtering. By this
influence, the spectral properties are degraded. In Comparative Example 5, Ta is used for the
protective layer as in Comparative Example 4, and the thickness thereof is increased to 10 nm. As a
result, due to the influence of oxygen deficiency irregularity caused by a large Ta thickness, the
spectral properties are considerably degraded by the absorption. In the structures described above,
cracks are partially generated at a low level. As a result, in the metal layer on the concavo-convex
shape, instead of using a r%%éal, sucjghaes Ta,fgr the protective layer, a Zn0- based metal oxide, such

as ZnO, GAZG AZ6" of BZL5 having & tHicKneaS il A range of 3363058 preterabl used for the

protectivefilg. 7 Fyom Table 1 QHQE&%%é’%a@%@@t&f&f%%wg%%ﬁ%%ngm@o £ niN Example 3,

since the thickness of AgNdCu used as the metal layer is increased, although the transmittance is
decreased,thé geaerationff cracks ancdbthesdegradation of theametat layer €0 notwscurn and the
reflectance is satisfactory. Accordingly, the thickness of the metal layer is preferably set in a range of 6
to 30 nm. FiGRCTable 11 fHélfeld®mmgecah Be fourid: PePremExamples dcand ', simdertheyproperties
between AgNdCu, AgPdCu, a gBi,.which are used for the metal layer, are not different from each
other, thessgl ,35\%aacrl‘?’)yg)fma%yH er}‘é]céfeﬁ\dgL lnﬁrgﬁpi’gﬁ%ﬁsﬁnaiif@%?%ﬁ\nar%@f@?thg%lIowing can be

found.  &rom Example 6, the spectral properties are not different between niobium pentoxide and
tantalum pentoxide, which are used for the high refractive index layer, and the generation of cracks is
not observed. Aceosdingly asmaterial, syichzastitaniane axide shaving groperties similar 1@ those of
niobium pentoxide and tantalum pentoxide may also be used. From Table 1, Figs. 32A and 32B,

and Fig. 38hthefolloming’carrba féundound.

In Comparative Example 1, the high refractive index
layer is formed of a ZnO-based material, and many cracks are
generated along the ridgeline and in the inclined surface of
the triangular pyramid. By this influence, the degradation
of the metal layer is promoted, and the reflex function was
degraded. On the other hand, when Nb:0s or the like is used
for the high refractive index layer, cracks were not
frequently generated. Accordingly, a material such as Nb.Os
is preferably used for the high refractive index layer
instead of only using a ZnCO-based material.

From Table 1, Figs. 25A and Z5B, Figs. 26A and 26B, and
Figs. 27A and 278, the following can be found.

In Comparative Example 2, since no protective layer is
provided, the metal layer is degraded when the high
refractive index layer is formed by reactive sputtering. By
this influence, the spectral properties are degraded.

In addition, in Comparative Example 3, since the
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In Example 7, the thickness of the high refractive index layer and that of the protective layer are
increased. Since these thicknesses are increased, the peak wavelength of the transmittance and the
rise-up wavelength of the reflectance are shifted to a longer wavelength side, and the value of a
reflectance at 1,200 nm which is used for the degradation judgment of the metal layer is decreased.
Since this phenomenon can be easily estimated also by a simulation, and no cracks are generated, it
is estimated that the decrease of the value of a reflectance at 1,200 nm is not dependent on the
degradation of the metal layer caused by the generation of cracks. The degradation of the metal layer
was confirmed using an AES apparatus (FE-AES PHI-7100, manufactured by ULVAC, Inc.). Fig. 33 is

a graph showi nalytical results of Example 7 by auger electron_spectroscopy (the data of C which
appears ig" gr%ﬁge% o%he?a%%5e% ience %W%dgats%rélr%\egﬁt) “AS %ﬁg\;vnﬁﬁl ﬁdg%%?y%’de%?gase in intensity
of Ag and ae:ipereasedn oxygen, yvhich are, phserved when themetal layer is; degraded, are both not
observed. That is, it was confirmed that the same result as that in Example 1 was obtairied and that
the decredse ditheadluey of-a seftectancepattt, 200 mm wasnot cadsead by ke, degragation of the metal
layer. In addition, in Example 8, the thickness of the high refractive index layer and that of the
protective J&yér are deeredsedt Afhoadh tie fransmittancd 1$ lightly détreasat; ¢vé geeration of
cracks an?L the ge radation oéthe nFtaI Iayaerlare not observed, and the reflectance is satisfactory.
Accordingly’ 4 high Tefractive index 15VeF having & thickhesEsF 10 161 26N & protective layer
having a thickpess of 340 30 cap be usedin.combination, . . Heretofgre, althaugh the .
embodiments of the present invention have been particularly described, the present invention is not
limited to therakovererhbodiments, artl vareus modificatiens-mayihe madeqywithord departing from the
technical scope of the present invention.  For example, the structures, methods, shapes, materials,
numerical Valfess ahdthe Tike desEfsdd inthB*abitvecembodiferis atelonly esed by way of example,
and if necessary fo& eggg]éjlec, differen}tbstructure , methods, shapes, materials, and numerical values

O etsed T addition the Bitieiies of tid Sodve”

from thosé described above rrk%é%y 2158

embodiments may. be used in cembination without departing from the spirit of the-presgnt invention.

In addition, in the above embodiments, although the case in which the present invention is applied to
an optical fitmzhawvingydiredtiahat reflectiom progerties has been desarked by way=of example, the
present invention is not limited to this example, and as long as an optical film has a concavo-convex
interface, Hi& preseht mventier nidy dls6 becappliedafieleis Athecoptical filheteseribed above, for

example, there may be mentioned a window film, a display film, a_projector screen, an optical filter, or
P gox% ately twfée the thicknesspag the ggs%, in order tgj

a solar batteR
obtain sufficient barrier properties even at the base, the
protective layer preferably has & thickness of 3 nm or more.

_ From Table 1, Figs. 28R and 28B, and Figs. 2%A and 29B,
the following can be found.

In Comparative Example 4, Ta is used for the protective
layer, and the thickness thereof is decreased to 2 nm. As a
result, barrier properties on the concavo-convex shape are
insufficient, and the metal layer is degraded when the high
refractive index layer is formed by reactive sputtering. By
this influence, the spectral properties are degraded. In

Comparative Example 5, Ta is used for the protective layer

as in Comparative Example 4, and the thickness thereof is
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In addition, in the above embodiments, although the numerical value range of the pitch of the
concavo-convex interface has been described using an optical film having directional reflection
properties by way of example, the numerical value range of the pitch of the concavo-convex interface
is not limited to that of this example. For example, the present invention is applicable also to a
concavo-convex shape having a pitch in a range of approximately several micrometers transferred by
a so-called nanoimprint to approximately several tens of micrometers. In addition, in the above
embodiments, although the optical element in the form of a film has been described by way of
example, besides the above optical element, the present invention may also be applied to other optical
elements rila\(/:in%gls%lgte %halpé% and the_like. Fugtteer ore, in the above embodiments, although the
case in which the optical element {direttioral Féfattion dfettient] actording to 848 efibodiment of the
present inyention.isapplied 40 awindow material or the like has been described by way of example,
the optical element according to each embodiment of the present invention is applicable to all
applications for buildingst vehieles cand: theplikepas-an exterios memberard BDntesigr member. For
example, the present invention may be applied to a blind, a roll curtain, or the like. As the blind or the
roll curtairPto WhRhaeeptical elementts Bpplied: forexaimplecters Hiadbameitioned a blind or a roll
curtain formed %f the oeptical le e{nt itself, or a blind or a rqll curtain which is formed of a transparent

; e it

base matétial fo which the-optical-erniant & Adiéred-WhehtHe BiiRa or thé Folf citsinas described
above is installe inloors, i the viciny af & windows or example. only nfrared.ight can be

directionally reflected outdoors, and visible light can be introduced indoors. Therefore, also when the
blind or thesrolgurtainds dnstalted; the degeee afnecessityfos trdooi-ifuminadien is regused. In
addition, since no scatter reflection occurs by the blind or the roll curtain, an increase in ambient
temperatufé taf dI$o-Bé stppréssed Flirtierniore, wheA the dégreecaf ridkessitg forheat ray
reflection j&lgw, for example, in winter, the_blind qr the roll curtain may be Iifted%%ﬁ; hence, it is

h

advantageoustHat & heht ray fetiak Juliction may be asily tisBd T 8ECOrIANES SWiththe conditions. On

the other hand, singe.a related:Qlind and a roll curtain for shielding infrared light is applied with an
infrared reflective paint or the like and has an appearance of white, gray, cream, or the like, when it is
intended to shielé-infraredolight 1visibte light 4s sivmultaneeuslyshielded,and henegyinterior illumination
may be necessary. In addition, the optical element according an embodiment of the present invention
may also B€é appliedito a paper shielding door, such as a Japanese shoji. Furthermore, the optical

element accordin%t% an embodgiment of the %resent,invention may be adhered to a wall.
i xample 3, since the thickness of AgNdCu used as the

metal layer is increased, although the transmittance is
decreased, the generation of cracks and the degradation of
the metal layer do not occur, and the reflectance is
satisfactory. Accordingly, the thickness of the metal layer
is preferably set in a range of 6 to 30 nm.

From Table 1, the following can be found.

From Examples 4 and 5, since the properties between
AgNdCu, AgPdCu, and AgBi, which are used for the metal layer,
are not different from each other, these Ag alloys may be
used.

From Table 1 and Figs. 31A and 31B, the following can

be found.
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Although not shown in the figure, a glass laminate may also be formed in which the optical element is
provided between two pieces of glass facing each other. In this case, an optical layer is provided
between each piece of glass and the optical element, and by performing thermocompression bonding
or the like, the optical layer may function as an adhesive layer, so that the above glass laminate can
be formed. As the optical layer described above, for example, a polyvinyl butyral (PVB) may be used.
This optical layer also preferably has a scattering preventing function in consideration of the case in
which the glass laminate is broken. When this glass laminate is used as a vehicle window, heat rays
can be reflected by the optical element; hence, a rapid increase in temperature in a vehicle can be

prevented. This glrass Igg{]inatti nay b(%}\{veideslél é1§% a&)rg%?g]@}% il‘gr'salggg %%Qsportation measures,
n

such as vehicles, e?énctrlcéBII}lPalns, airplanes, oats and ships, and vehicles and the like in theme

barks, and; ihe-two-pieces of glass:may bercupead-inaccordancecwith the.application thereof. In this
case, the optical element preferably has flexibility to follow the curve of glass, and even when being

curved, therapticakelement preferably has tirectierfataefiectioniproperties v, tramsmisbion properties
to a certain extent. Since the glass laminate has to be transparent to a certain extent as a whole, the
refractive FRIEKGT d Riatérial $8GcHEs ATeSRY uSES FaTiRe opticaIIayEraiftt that df a resin contained in

the opical clement are preferably equalfo or similarto sach.other, n addition, nsigad afusing the
optical layer, a resin tontained'in thé optical element may also be'used as an adhesive layer. In this

case, for examplgin a thermacompression pordingrsiep perfarmed for-adhesien, & yesin is preferably
used which can maintain its shape as much as possible. The two base members facing each other are

not limitecktosglabss;, angktor example, at least one of the base members may be a resin film, a sheet, or
a plate. For example, an engineering plastic or a reinforced plastic, each of which is lightweight and
has flexibility, m&y @RoFetged. In Btdition: tHe 656 of ther glassiamifiate®is mot fifited to a vehicle
applicatiog. 11 In additi&rl] ir%ge%t%}oryg embodiments, although the structure in which the second
optical Iaye? is-fofmed so as to filf & concavo-convex surface and in which the wavelength selection

layer is covered with:the secand optical layerhas-heen desaribeg; the steucture iahich the second
optical layer is omitted, and the wavelength-selective reflective layer is exposed may also be formed.

The presentapplicatiparcantains isabject matter pelates-toithat disglosed e Japaneseskriority Patent
Application JP 2010-019127 filed in the Japan Patent Office on January 29, 2010, the entire contents
of which até hefebyinesrgordted RERtsTents. NI SRGRE beUtiersid6d 1y those Skiled in the art
that variousfmé)difications, co{nbinationsﬁgughceomt_{ig%ti%ns aréqfal_l[eerggggs may_occur depending on
design rec?uire@égntg S Gther factors fnsofar as ﬁwey are-within te scope of thé appended claims or

the equivalenis thereof.. WHAT I GLAIMED 131 k ANQRUIGRLGleMEN €OMPIISNG and the
value of a reflectance at 1,200 nm which is used for the
degradation judgment of the metal layer is decreased. Since
this phenomenon can be easily estimated alsc by a simulation,
and no cracks are generated, it i1s estimated that the
decrease of the value of a reflectance at 1,200 nm is not
dependent on the degradation of the metal layer caused by
the generation of cracks. The degradation of the metal
layer was confirmed using an AES apparatus (FE-AES PHI-7100,
manufactured by ULVAC, Inc.). Fig. 33 is a graph showing
analytical results of Example 7 by auger electron

spectroscopy {the data of C which appears is omitted for the
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a first optical layer having a concavo-convex surface;  a wavelength-selective reflective layer
provided on the concavo-convex surface of the first optical layer; and  a second optical layer
provided on the concavo-convex surface on which the wavelength-selective reflective layer is provided
so as to fill the concave-convex surface,  wherein the wavelength-selective reflective layer includes
a metal layer,  a protective layer provided on the metal layer and containing a metal oxide as a
primary component, and  a high refractive index layer provided on the protective layer and
containing a metal oxide other than zinc oxide as a primary component, and the
wavelength-selective reflective layer selectively directionally reflects light in a specific wavelength band
while transmit@n%g%ht ather, thrgn that in H'Ege tspgcifiﬁ waye Wt@ aglg 23 The optical element

. AY(o £ . 33,
accordlngcfgrélglm ,nvcvﬁeﬁeln, (%ai%%%ienm ent on an incident surface gt an incident angle (0, 0)

(where, 0 is-an @angle formedhetween aformal 194 an increase in oxygen, which
are observed when the metal layver is degraded, are bcth not
observed. That is, it was confirmed that the same result as
that in Example 1 was obtained and that the decrease of the
value of a reflectance at 1,200 nm was not caused by the
degradation of the metal layver. In addition, in Example 8,
the thickness of the high refractive index layer and that of
The protective laver are decreased. Although the
transmittance is slightly decreased, the generation of
cracks and the degradation of the metal layer are not
observed, and the reflectance is satisfactory. Accordingly,
a high refractive index layer having a thickness of 10 to
120 nm and a protective layer having a thickness of 3 to 30
nm can be used in compbination.

Heretofore, although the embodiments c¢f the present
invention have been particularly described, the present
invention is not limited to the above embodiments, and
various modifications may be made withcout departing from the
technical scope of the present invention.

For example, the structures, methods, shapes, materials,
numerical values, and the like described in the above
embodiments are only used by way of example, and if
necessary, for example, different structures, methods,

shapes, materials, and numerical values from those described



the incident surface and incident light incident on the incident surface or reflected light emitted from the
incident surface, and 0 is an angle formed between a specific straight line within the incident surface
and a component of the incident light or the reflected light projected on the incident surface), the
optical element selectively directionally reflects light in a specific wavelength band in a direction other
than a specular reflection direction HO, 0+180) while transmitting light other than that in the specific
wavelength band and having transparency to the light other than that in the specific wavelength band.
3. The optical element according to Claims 1 or 2, wherein the high refractive index layer contains at
least one selected from the group consisting of niobium oxide, tantalum oxide, and titanium oxide.

4. The optail%%%ement adq.tcg(gdigg tggg%j one of Claims 1 to 3, wherein the protective layer contains as

. °

a primary compon%%%’a metal oxide at least containing zinc oxide. 5. The optical element according

to Claim 4, wherein the-pretectiye dayer contains akleast one etpbaxide selegteckitom the group
consisting of zinc oxide (Zn0), Ga and Al-doped zinc oxide (GRZO), Al-doped zinc oxide (RZO), and

Ga-dopedwzigc bride(SZA): cont Thetdpticabelehierit atebrig iyady ohe OR€|&ims L to 5,
wherein the metal layer contains at least one selected from the group consisting of Au, Ag, Cu, Al, Ni,
Cr, Ti, Pd°€0"8F TR 9, 5Mb, afd &E-2°" 7. The optical element according to any one of Claims 1 to

e 1S o DA S 02 LSO 0 oy oo ot e
range of 100120 NMhich the present invention is applied to an optical
film having directional reflection properties has been

described by way of example, the present invention is not
limited to this example, and as long as an optical filim has
a concavo-convex interface, the present invention may also
be applied thereto. As the optical film described above,
for example, there may be mentioned a window film, a display
film, a projector screen, an optical filter, or a solar
hattery.

In addition, in the above embodiments, although the
numerical value range of the pitch ¢f the concavo-convex
interface has been described using an optical film having
directional reflection properties by way of example, the
numerical value range of the pitch of the concavo-convex
interface is not limited to that of this example. For
example, the present invention is applicable also to a
concavo-convex shape having a pitch in a range of
approximately several micrometers transferred by a so-called
nancimprint to approximately several tens of micrometers.

In addition, in the above embcediments, although the
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9. The optical element according to any one of Claims 1 to 8, wherein the metal layer has a thickness
in a range of 6 to 30 nm.

optical element in the form of a film has been described by
way of example, besides the above optical element, the
present inventicn may also be applied to other optical
elements having a plate shape and the like.

Furthermore, in the above embodiments, although the
case in which the optical element (directional reflection
element) according to each embodiment of the present
invention i1s applied Lo a window material ¢r tThe like has
been described by way of example, the optical element
according to each embodiment of the present invention is
applicable to all applications fer buildings, vehlcles, and
the like as an exterior member and an interior member.

For example, the present invention may be applied to a
bilind, a roll curtain, or the like. As the blind or the
roll curtain to which an optical element is applied, for
example, there may be mentioned a blind or a roll curtain
formed of the optical element itself, or a blind or a rcll
curtain which is formed ¢f a transparent base material to
which the optical element is adhered. When the bklind or the
roll curtailn as described above is installed indoors, in the
vicinity of a window, for example, only infrared light can
be directionally reflected outdoors, and visible light can
be introduced indoors. Therefore, also when the blind or
the roll curtain is installed, the dsgree of necessity for

indoor illumination is reduced. In addition, since no



10. The optical element according to any one of Claims 1 to 9, wherein the concavo-convex surface of
the first optical layer is formed of one-dimensionally or two-dimensionally arranged structures.

scatter reflection occurs by the blind or the roll curtain,
an increase in ambient temperature can also be suppressed.
Furthermore, when the degree of necessity for heat ray
reflection is low, for example, in winter, the blind or the
roll curtain may be lifted up; hence, it is advantageous
that a heat ray reflex function may be easily used in
accordance with the conditions. On the other hand, since a
related blind and a roll curtain for shielding infrared
light is applied with an infrared reflective paint or the
like and has an appearance of white, gray, cream, or the
like, when it is intended to shield infrared light, visible
light is simultanecusly shielded, and hence interior
illumination may be necessary.

In addition, the optical element according an
embodiment of the present inventicon may alsc be applied to a
paper shielding door, such as a Japanese shoji. Furthermore,
the optical element according to an embodiment of the
present invention may be adhered to a wall.

lthough not shown in the figure, a glass laminate may
also be formed in which the optical element is provided
between two pieces of glass facing each other. 1In this case,
an optical layer is provided between each plece of glass and
the optical element, and by performing thermocompression
bonding or the like, the optical layer may function as an

adhesive laver, so that the above glass laminate can be



11. The optical element according to Claim 10, wherein the structures each have a prism shape, a
lenticular shape, a hemispherical shape, or a corner cube shape. 12. The optical element
according to any one of Claims 1 to 11, wherein the wavelength-selective reflective layer includes at
least two repeating units laminated to each other, the repeating units each containing the metal layer,
the protective layer, and the high refractive index layer. 13. The optical element according to any
one of Claims 1 to 12, further comprising another high refractive index layer between the
concavo-convex surface of the first optical layer and the metal layer of the wavelength-selective
reflective layer. 14. The optical element according to Claim 13, wherein the another high ref.

ractive index Jpxer coniaing,at Iegst one sejected g the.a1oup 5onsisting of niabiyp xide, tantalum

oxide, and titanium oxide 157A'metho manufacturing an optical element comprising the steps

of:  forming.a wavelength-selective reflective layee on a-concayaconygx sueface g a first optical
layer; and forming a second optical layer on the concavo-convex surface on which the
wavelengthtselectivief reflactive layer B formed soiasitofifiethie toncgva-econvexsurface,  wherein the
step of forming a wavelength-selective reflective Ia%/air includes the substeps of: forming a metal layer;

forming a proteeive RyeP LoRtainihg aTREI oRide as A phiary ¢6MPonaht-6r tife miétal layer; and

broken. When this glass laminate is used as a vehicle
window, heat rays can be reflected by the optical slement;
hence, a rapid increase in temperature in a vehicle can be
prevented. This glass laminate may be widely used, for
example, for all the transpertation measures, such as
vehicles, electrical trains, airplanes, and boats and ships,
and vehicles and the like in theme parks, and the two pieces
of glass may be curved in accordance with the application
therecf. In this case, the optical element preferably has
flexibility to follow the curve of glass, and even when
being curved, the optical element preferably has directiocnal
reflection properties and transmission properties to a
certain extent. Since the glass laminate has to be
transparent to a certaln extent as a whole, the refractive
index of a material (such as a resin) used for the optical
layer and that of a resin contained in the cptical element
are preferably equal to or similar tc each other. In
addition, instead of using the opiical layer, a resin
contained in the optical element may also be used as an
adhesive layer. In this case, for example, in a

thermocompression bonding step performed for adhesion, a



forming a high refractive index layer containing a metal oxide other than zinc oxide as a primary
component on the protective layer, and  the wavelength-selective reflective layer selectively
directionally reflects light in a specific wavelength band while transmitting light other than that in the
specific wavelength band. 16. The method for manufacturing an optical element according to
Claim 15, wherein in the substep of forming a protective layer, the protective layer is formed by a
sputtering method using a target containing the metal oxide as a primary component. 17. The
method for manufacturing an optical element according to Claim 15 or 16, wherein in the substep of
forming a protective layer, the protective layer is formed by a sputtering method using only an inert

gas as & pagess gas., . A8, The method for manuiagluring. an optical eleent gogording to any one
of Claims 1510 7, wherein tﬁe |g¥1 refractive index layer contains at least one selected from the
group congisting £f njohium;oxide, tantalum oxiges andditanivm ®ddang sach other

are not limited to glass, and for example, at least one of

the base members may be a resin film, a sheet, or a plate.

For example, an engineering plastic or a reinforced plastic,

each of which is lightweight and has flexibility, may also

be used. In addition, the use of the glass laminate is not

ilimited to a vehicle application.

In addition, in the above embodiments, although the
structure in which the second optical layer is formed so as
to fill a concavo-ceonvex surface and in which the wavelength
selection laver is covered with the second optical layer has
been described, the structure in which the second optical
layer is comitted, and the wavelength-selective reflective
laver 1s exposed may also be formed.

The present applicaticon contains subject matter related
to that disclosed in Japanese Priority Patent Application JP
2010-019127 filed in the Japan Patent Cffice on January 29,
2010, the entire contents of which are hereby incorporated
by reference.

It should be understood by those skilled in the art
that various modifications, combinations, sub-combinatiocns
and alterations may occur depending on design reguirements
and other factors insofar a@s they are within the scope of

the appended claims or the eguivalents thereotf.



WHAT IS5 CLAIMED IS:

An optical element comprising:

et

first optical layer having a concave-convex surface;

8

a wavelength-selective reflective layer provided on the
concavo-convex surface of the first optical layer; and

a second optical layer provided on the concavo-convex
surface on which the wavelength-selective reflective layer
is provided sc as to f£ill the concavo-convex surface,

wherein the wavelength-selective reflective layer
includes

a metal laver,

a protective laver provided on the metal laver and
containing a metal oxide as a primary component, and

a high refractive index layer provided on the
protective layer and containing a metal oxide other than
zinc oxide as a primary component, and

the wavelength-selective reflective layer selectively
directionally reflects light in a specific wavelength band
while transmitting light other than that in the specific

wavelength band.

2. The optical element according to Claim 1, wherein,
of light incident on an incident surface at an incident

angle (08, ¢) (where, 8 is an angle formed between a normal to



the incident surface and incident light incident on the
incident surface or reflected light emitted from the
incident surface, and ¢ is an angle formed between a
specific straight line within the incident surface and a
component of the incident iight or the reflected light
prodtected on the incident surface), the optical element
selectively directionally reflects light in a specific
wavelength band in a direction other than a specular
reflection direction (-6, ¢+180° while transmitting light
other than that in the specific wavelength band and having
transparency to the light other than that in the specific

wavelength band.

3. The optical element according to Claims 1 or 2,
wherein the high refractive index laver contains at least
one selected from the group consisting of niobium oxide,

tantalum oxide, and titanium oxide.

4, The optical element acceording to any one of Claims
1 to 3, wherein the protective layer contains as a primary

component a metal oxide at least containing zinc oxide.

5. The optical element according to Claim 4, wherein
the protective layer contains at least one metal coxide

selected from the group consisting of zinc oxide (ZnC), Ga



and Al-doped zinc oxide (GAZC), Al-doped zinc oxide (AZO),

and Ga-doped zinc oxide (GZO).

6. The optical element according to any one of Claims
1 to 5, wherein the metal layer contains at least one
selected from the group consisting of Au, Ag, Cu, Al, Ni, Cr,

Ti, Pd, Co, 8i, Ta, W, Mo, and Ge.

7. The optical element according to any cne of Claims
1 to 6, wherein the protective layer has a thickness in a

range of 3 to 30 nm.

8. The optical element according to any one of Claims
1 to 7, wherein the high refractive index layer has a

thickness in a range of 10 to 1Z0 nm.

9. The opticael element according to any one of Claims
1 te 8, wherein the metal layer has a thickness in a range

of 6 to 30 nm.

10. The optical element according to any one of Claims
1 to 9, wherein the concave-convex surface of the first
optical layer is formed of one-dimensicnally or two-

dimensiconally arranged structures.
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11. The optical element according to Claim 10, wherein
the structures each have a prism shape, a lenticular shape,

a hemispherical shape, or a corner cube shape.

12. The optical element according te any cne of Claims
1 £o 11, wherein the wavelength-selective reflective layer
includes at least two repeating units laminated to each
other, the repeating units each containing the metal layer,

the protective layer, and the high refractive index layer.

13. The optical element according to any one of Claims
1 to 12, further comprising another high refractive index
layer between the concavo-convex surface of the first
optical layer and the metal layer of the wavelength-

selective reflective layer.

14. The optical element according to Claim 13, wherein
the another high refractive index layer contains at least
one selected from the group consisting cof nicbkium oxide,

tantalum cxide, and titanium oxide.

15. A method for manufacturing an optical element
comprising the steps of:
forming a wavelength-selective reflective laver cn a

concavo-convex aurface of a first optical layer; and

- 101 -



forming a second optical laver on the concavo-convex
surface on which the wavelength-selective reflective layer
is formed =so as to f£ill the concavo-convex surface,
wherein the step of forming a wavelength-selective
reflective layer includes the substeps of:
forming a metal laver;
forming a protective layer containing a metal oxide
as a primary component cn the metal layer; and
forming a high refractive index layer containing a
metal oxide other than zinc oxide as a primary component on
the protective layer, and
the wavelengih-selective reflective layer selectively
directionally reflects light in a specific wavelength band
while transmitting light other than that in the specific

wavelength band.

16. The method for manufacturing an optical element
according to Claim 15, wherein in the substep of forming a
protective layer, the protective layer is formed by a
sputtering method using a target containing the metal oxide

as a primary component.
17. The method for manufacturing an optical element

acceording to Claim 15 or 16, wherein in the substep of

forming a protective layer, the protective layer 1s formed
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by a sputtering method using only an inert gas as a process

gas.

18. The method for manufacturing an optical element
according to any one of Claims 15 to 17, wherein the high
refractive index layer contains at least one selected from
the group consisting of niobium cxide, tantalum oxide, and

titanium oxide.



