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-conserggitli%%ineasures in order tq reventé%l]obal warming and aims to_reduce the load on

air-conditioning systemLs %%F%Eggph%%%he a5 %9 CictEaLesh '%&&W&mﬁ%&t&%hen 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 prthearesuNpiraedrrgiornhanmg @awavelength range of 780 to 2,100 nm. In particular, since
being irrelevant to human visibility, the transmittance of a window in the latter wavelength range, that
is, in the Rear-Miaied RSYidiSs ARVRIPLE@NAL factor that determines whether the window has highly
transparency and highl heat-shieldinl%ﬁpgo erties.  As a method for shielding near-infrared light

~ while maintaininy theF&rEparerds i iBi§ TGN, for eXBnipit thére Ma§TREMiGHEY a method
fo providing,uinow glass iz Byl hayins.a bishuiglectange 1 theyneayJairategregion. For

example, Japanese Patent No. 4066101 has disclosed a laminatéd structural film including an oxide

layer, a metaklayer, andendietecticmaterialdayermJapaneseiPateatNer 4066101 has also disclosed
that since the laminated structural film is used as a reflective layer, various properties, such as high

visible lightkaasmissiin gropeniesoion tadiasdhn popertissshighibeat rapeefidcting properties, and

ST e A S 8 e D A RO 1M, tham that in
the specific wavelength band.
2. Degcription 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 glags described above is
one of energy-conservation measures in order to prevent
global warming and aims to reduce the load on air-
conditiconing systems that i1s 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
vigible region having a wavelength range of 280 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 vigibility, the transmittance of a



However, since this type of reflective layer is provided on flat window glass, specular reflection of
incident sunlight can only be performed. Hence, light coming from the sky and specularly reflected
reaches another outdoor building or the ground and is changed into heat by absorption, 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 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
directionaliyHef&ct ghtH a}g‘%ﬁﬁc m‘@%%%ﬁ%t afdWHie tardmitifg 1Ht Sther B8 that in the

specific wayglenathy band and a method fqr, manufacturing the optical element, ; e fccording to a first

aspect, there is provided an optical element comprising: a first optical layer having a concavo-convex
surface; aswavalengtihseleetirefieative: layiel pravided pa Hhe: eoneayd-edryeXy stdaes of the first
optical layer; and a second optical layer provided on the concavo-convex surface on which the
wavelengih-selediivg refleeion taye® is provided so as to fill the concavo-convex surface, wherein the
wavelength-selective reflective layer includes a metal layer, a protective la rovided on the metal

udes ¢ layer
layer and cont_aizﬁ%gaa%ﬁpgxia@_jéssiqﬁ%ﬁhpgorﬁﬁa éﬁﬁlgﬁa_ﬁarﬂgf_]ﬁ dct _]1918ex layer provided
on the Profegtivs iByehandsoniaiing aupetpl pxide ether Inan:aine oxide A58 PERIary component

and the wavelength-selective reflective layer selectively directionally reflects light in a specific

wavelength bapd whileHeansmitlinadight othesdhan thatha ther spegificwaveleagihibarey wherein the
high refractive index layer contains at least one selected from the group consisting of niobium oxide,
tantalum giidesand titarsurhayxide. havAreprdingiteta secolricaspect theretsrogwded a method for
manufacturing an optical element comprising the steps of: forming a wavelength-selective reflective,

layer on a-BSAGRRY IR TurfacBVF afrelEitical tRRM S REfoming s s&cond 8tcl fayer on the
concavo-ganvex:surface.on which e yiavelenaihseleciive fofaetye layer s formed s s to il the

concavo-convex surface, wherein the step of forming a wavelength-selective reflective layer includes
the substeps,ef: fouming ametal Javer; forming apLotestive layak eemtaining aymetal oxide as a primary

component on the
Japanese Patent No. 4066101 has also disclosed that since
the laminated structural film is used as a reflective lavyer,
various properties, such as high visible light transmission
properties, low radiation properties, high heat ray
reflecting propeﬁfiéé!méﬁ§ aeéiféﬁié féflective appearance,
can be imparted to an optical element.

Howevey, since this type of reflective layer is
provided on flat window glass, specular reflection of
incident sunlight can only be performed. Hence, light
coming from the sky and specularly reflected reaches another
outdoor building or the ground and is changed into heat by
absorption, 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



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 wavelength-selective reflective layer selectively
directionally reflects light in a specific wavelength band while transmitting light other than that in the
specific wavelength band, wherein the high refractive index layer contains at least one selected from
the group consisting of niobium oxide, tantalum oxide, and titanium oxide. ~ According to an
embodiment of the present invention, light in a specific wavelength band can be directionally reflected
and is not allowed to enter a predetermined space, and light other than that in the specific wavelength
band can be introduced into the predetermined space. In addition, reflected light in a specific direction

other thaﬁ_‘%ﬁ&&&r t‘%}léc_:t‘i@rflgﬁ%’@: aﬁ&lfﬁéj e_ﬁt?ﬁﬁ??%%f 855_165 ’m&(}f@guﬁiﬁi'enﬁﬁ higher than
the |ntens€l_t}¥aq1'£gif£u’se Lgflection which.has no directivity. ; ., A described apove,.agearding to an

embodiment of the present invention, light in a specific wavelength band is selectively directionally

reflected rand-at the same fimen ighteiher thanghatiodbe specifiawavelpagth hasd carhe
transmitted. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1A is a cross-sectional view
illustrating afitst steucturahegkamphecofran optical elemertiprogosed byitheastésdntdnveritbts; Fig. 1B is

a cross-sectional view illustrating
reflected light.

SUMMARY OF THE INVENTICN

Accordingly, i1t is desirable to provide an optical
element that sélectively 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.



degradation of a wavelength-selective reflective layer caused by generation of cracks; Fig. 1Cisa
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 present inventors; Fig. 2B is a cross-sectional view
illustrating degradation of a wavelength-selective reflective layer caused by generation of cracks;

Fig. 20 is a cross-sectional view illustrating degradation of the wavelength-selective reflective layer
caused by oxygen deficiency irregularity;  Fig. 3A is a cross-sectional view showing one structural
example of an %)tical E,Jxm acc%rdingato %firsttembodi(rancecnt of thee%esefg invengog' dFi%. 3Bis a
cross-sectional VW sl 5&%9 an examp & inwhich the op’ticaF im accordin(f fo t%eafﬁst embodiment of

the present invepjion.isadhared-igan-adhgrendy  ehigs ¢ i%%@f‘ﬂ“ﬁéﬁﬂﬁﬁﬁ Mgg b

relationship between incident light incident on an optical film and reflecte cted by the optical
film; concavo-convex surface; a wavelength-selective reflective
layer provided on the concavo-convex



Figs. 5A 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. 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-sectional views each showing one structural example of a wavelength-selective
reflective layer of the optical film according to the first embodiment of the present invention;  Figs.
8A and 8B are cross-sectional 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 fili* T T255 164 isH Erods-86&ti0RA VIER Hiusttig ond¥kafiplé BF #iFfufRiohGrthe optical

film;  Fig, 108 i5.3 planaigw Jlustrating ong examnle of the function of the ortical flm:
wavelength-gselective reflective iayer is provided so as to
£ill the concavo-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 layver provided on the protective layer and containing
a metal oxide other than zinc oxide as a primary component,
and the wavelength-gselective reflective layer selectively
directionally reflects light in a specific wavelength band
while <transmitting light other than that in the gpecific
wavelength band, wherein the high refractive index layer
contains at least one selected from the group consisting of
niobium oxide, tantalum oxide, and titanium oxide.

According to a second aspect, there is provided a
method for manufacturing an optical element comprising the
steps of: forming a wavelength-selective reflective layer on
a concavo-convex surface of a first optical laver; and
forming a second optical layer 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 layer; forming a protective

layver containing a metal oxide as a primary component on the

w g -



Fig. 11 is a 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 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 140 are cross-sectional views
each illustrating one example of the method for manufacturing an optical film according to the first
embodiment f the,prosent INygtio,, . ;g. 13A i agross-sectionalylew showing g firstmodified
example according {0 the ‘first embodiment of the present invention; Fig. 15B Is a cross-sectional
view showing:-a secend modified examplr acaording ta.dhe firshembedineerd ©f thepresantinvention;
Fig. 16A is a perspective view showing a first structural example of a first optical layer of an optical film
according:tengseeartd embodiinent pirtheguresent intention; aR@d. 16B:is aparspedtivewiew
showing a second structural example of the first optical layer of the_ optical film acc,ordin% to the second
embodHn%ﬁ%@?%éﬁﬁesmﬁQ§&ﬁﬁﬁﬁﬁe layer selectively directionally

reflects light in a specific wavelength Dband while
transmitting 1ight other than that in <the speciiic
wavelength band, wherein the high vrefractive index layer
contains at least one selected from the group consisting of
niobium oxide, tantalum oxide, and titanium oxide.

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

reflected and is not allowed to enter a prederermined space,
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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. 17B is a cross-sectional view of
the first-optical layer shown in Fig. 17A taken along the line XVIIB-XVIIB; Fig. 17Cis 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. 18B is a cross-sectional view of
the first optical layer shown in Fig. 18A taken along the line XVIIIB-XVIIIB;  Fig. 18Cis a

cross-sectional, view, of tl% first,qptical r shown in Ei .18ﬁ.taken al the.ling X\JIIC-XVIIIC;
o T R e e i

according.{o-thesecqnd smpadiment of thergseridrvantionza it OB isa-croasrsectignal view of
the first optical layer shown in Fig. 19A taken along the line XIXB-XIXB;

reflected light in a specific direction other than the

specular reflection exists, and the intensity 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.

BRIEF DESCRIPTICN OF THE DRAWINGS

Fig. 1A is a cross-sectional view illustrating a first
structural example of an optical element proposed by the
pregent 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 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

present inventors;



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

Fig. 20C 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. 21E
and 21C are each a cross-sectional view of the mold master shown in Fig. 21A taken along the line

XXIB, XXIC-XX%B XXE - Fla?. 22 is a croscg_-;ectlolnal view |Ilslﬁct)ratlrég the thickness of a

Wavelength-selecjfigé réflective afel}?ss'i:glge. A1 to"’rpl\%‘é‘rvvl NG Ah'tBervation result of a

wavelengggégggg‘ﬁggqmggvg lgyer of g}%@_gu%aé _{igg_@{gé(ag;p@ ot l.\lfégﬁ%%@ atop vieV\_/ showing
an observation result of a wavelength-selective reflective layer of the optical film of Comparative
Example é¢aused by generation of cracks;

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

Fig. 3A is a cross-sectional view gshowing one
structural example cof 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 optical 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 £ilm 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 laver;

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-gsectional views each showing



Fig. 24A is a graph showing transmission properties of the optical films of Example 1 and Comparative
Example 1;  Fig. 24B is a graph showing reflection properties of the optical films of Example 1 and
Comparative Example 1;  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. 25B 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. 26E is a graph showing reflection properties of the optical films of

Example 1 an e e 2 10..27 a ing tr I operties of
the optlca%l% m%%?%@ \glggé%%ﬁ!b e t2>far?!(:j gé%%negaﬁ% \%l %?%%%gé qgggi Zé?g?gp é graph

showing reflestion prapgsties of theiopticah fikks-et-Bxamplesl  ikxantplest agecapatrative Example
, of the present invention;

Figs. 8A and 8B are cross-sectional 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-sectional view illustrating one
example of the function of the optical f£ilm;

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

Fig. 11 is a 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 f£ilm according to the first embodiment of the
present invention;

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

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



Fig. 28A is a graph showing transmission properties of the optical films of Example 1, Comparative
Example 3, and Comparative Example 4;  Fig. 28B is a graph showing reflection properties of the
optical films of Example 1, Comparative Example 3, and Comparative Example 4,  Fig. 29Ais 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 a graph showing transmission properties of
the optical films of Example 1 and Example 3;  Fig. 30B is a graph showing reflection properties of

the optica:{ {igfms E)I: E ample 1 and Exanigle ?f th'éigékg%g %ég}.%%p%%gg\ggn&%%qﬁgisggn properties
9. S

n one ex .
of the optica fiims of Ex mp?e 1 an%nl":pxamﬁe 6; iS'a’'graph showing reflection properties
of the optigay filmas ok Example-1 aadriexanaplerts FA.132A s graRResoVWRY dransmission properties

d pregent 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~sectionél view showing a second
modified example according to the first embodiment of the
present invention;

Fig. 16A is a perspective view showing a first
structural example of a first optical layer 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. 17 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. 17B is a crosg-sectional 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 is a plan view showing a fourth structural



the optical films of Example 1, Example 7, and Example 8; Fig. 32B is a graph showing reflection
properties of the optical films of Example 1, Example 7, and Example 8; and Fig. 33 is a view
showing analysis results of the optical film of Example 7 obtained by auger electron spectroscopy.
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 seco}géjm%icaéltay éorﬂerd ﬁn éhecg%%cialv?éc%nfleé gur@ge e vxlgigtj ti% velength-selective
reflective?ayer i5 formed S0 as 1o Till the concavo-canvex surﬁ'ace. I this optical element, of light
incident of-aningident syrfage thereshdighhin-a speeific wavelangth-basd is selectivelydirectionally
reflected, and at the same time, light other than that in the specific wavelength can be transmitted.

Fig. IA is a crosg-sgctidrsd view dlustrating adirstistractural example-tfart optidal @fgmentliproposed by
the present inventors. As shown in Fig. 1A, this optical element has the structure in which a
wavelenghREgfectile Y& eictivE 1ayeri®d i535fRed oRBcoitavbicbnveX Shiace bf afifst optical layer
4. The wavelenglh-selﬁ%t'éle.reflectiveolgé/gr 1?8:% incluges a metal_la gL 1:%2 forrtnegl

nth
concavo-convex surface of the first” gptlcal Fa?/er A3 a‘ﬁg%wrecfrac Ve mdleﬁayerp(l%f ’Fglrmed on the

metal laygp132. sndilg: %is,.:q§r08§8§eceigﬁéhvisw&ﬁ@ﬁt@{@gzaﬁgcqaﬂzitwgﬁat%@mple of the
optical element proposed by the present inventors. As shown in Fig. 2A, this optical element includes
the structure in which a wavelength-Selective vefldotive tayer 130fis foraedion areohcavo-convex

surface of a first optical layer 4. The wavelength-selective reflective layer 130 includes a high refractive
index laySFESPfotniell dirthelddiffaveRiohvex stiffdee of the-hirdt BBlicet 3ayet 4l metal layer 132

formed on the high refractiv%index I%quc{ lglff‘%hgd a high I fr%%téve index Iatyer 13%I{gamed on the
p o)

metal Iayglgfﬁ 09 Hie 5piical efements ot the Tiret and the Secbhd %Frﬁctujféivexamﬁgé described

above, as a material fof $he highyrefractive indexslayer 131, whenra zine gxjdespased compound (such
as zinc oxide (ZnO) or zinc oxide added with gallium (Ga) and an aluminum (Al) (hereinafter referred
to as "GAZEY pis sisedncracks ase liable tediesgencrateyl inteevariexarenyH -a(Goim/ex portion and/or
an inclined surface
Fig. 20A is a cross-sectional view showing a first
structural example of an optical film according to a third
embodiment of the present invention;
Fig. 20B is a cross-sectional view showing a second
structural example of the optical film according to the
third embodiment of the present invention;
Fig. 20C is a crosg-sectional view showing a third
structural example of the optical f£ilm according to the
third embodiment of the present invention;
Fig. 21A is a plan view showing the shape cf a mold
master for forming optical films of Examples 1 to 8 and
Comparative Examples 1 to 5;

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

the mold master shown in Fig. 21A taken along the line XXIB,



portion of the concavo-convex surface due to the influence of a film stress. When cracks are
generated, moisture and/or air are liable to enter the inside therethrough, the metal layer 132 included
in the wavelength-selective reflective layer 130 is degraded, and as a result, a reflex function is
degraded (see Figs. 1B and 2B). Heretofore, for a plate-shaped selective reflective film, a method
is used in which a thin metal layer made, for example, of Ti having a thickness of approximately 2 nm
is formed on a metal layer, and a high refractive index layer is further formed on an upper surface of
the thin metal layer under oxygen supply conditions. By this method, since being oxidized, the thin
metal lay ff@g%%rﬁas 8t_ective layer, and as a result, the metal layer is suppressed from being
degraded by oxidafion. However, through intensive research carried out by the present inventors in
order to apply this methed 1a film formadionon thenstiuckiedescringd abeveit was found that the
optimal thickness of the protective metal layer satisfying the performance is not present. This reason
for this is thelievec:tiat dife thieknessoighé wevbkength-seleetive maflectiva dayer 130 on the
concavo-convex shape is larger at a vertex portion than that at a bottom portion by approximately 2
times due to thefiafluerdcds dsifadowing afY tREfikeIPWAR fiaf? FoliHd tRat whEH tie fHickness of

the protective metal layer is small, since a sufficient protective function may npot be optained at the
bottom poa‘rti‘é)vrai1 \é?tv@ ﬁl%t?{h_est %’(%E%g T Sma ,efstgj?gt%at%‘ry gf_fth%nér:ng a?la%rgigf%cgﬁ?is%y oxidation,
and on thg@t@gamcg 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 thatidegragatiam: ok spegirat prepestiew tagsethbyltize alvsarptan oé kglittocefirs (see the

regions X shown in Figs. 1C and 2C). Accordingly, the present inventors carried out intensive
research # Bifée k¢ BAPPeSs 18E GeHerdiph T erdci’ arty8Bo 3 ofdit toRbppRessithéMegradation
of spectral §r(%£erties. As a re%ult, it was :[inally found that a material (low stress material) containing a
metal oxide ot iEPRRAT Fintoxide B8 aeprlmary component is used as a material for the high refractive

index layer 131,:the matefial for the; protectiveJayelr;133 of the:wavelangth-seleqtivesefigctive layer
130 is changed to a metal oxide material, and further the film formation conditions of the protective
layer 133wte adjstedhl £ Embodimentanbthe gresedt ioventiorawikize described in the following
order with reference to the drawings. 1. First Embodiment (Example in which structures are
one-dimensionafiy @rrafgBd)s = Secapl EhRbudiRent (EXSFpIR WhieRsthdtfeLare

two-dimensionally arranged.
the oﬁ%?calgfilms of Example 1 znd Comparative Example 1;

Fig. 25A is a top view showing an observation result of
a wavelength-selective reflective layer of the optical film
cf Comparative Example 2;

Fig. 25B is a top view showing an cbservation 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. 26B is a graph showing reflection properties of
the optical films of Example 1 and Comparative Example 2;

Fig. 272 is a graph showing transmission properties of

the optical f£ilmg of Example 1, Example 2, and Comparative
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3. Third Embodiment (Example in which an optical film containing light scattering material is provided.)
4. Fourth Embodiment (Example in which a self-cleaning effect layer is provided.) <1. First
Embodiment> [Structure of Optical Film] Fig. 3A is a cross-sectional view showing one structural
example of an optical film according to a first embodiment of the present invention. Fig. 3E 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. 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 optical film 1
includes qi:g{ gﬁtiﬁaela I%ypr 2 having a concavo-convex interface therein and a wavelength-selective
reflective ayer% provided along the interface of this optical layer 2. The optical layer 2 includes a first
optical layer (alse; eallegha shaped @@%i@y%haging&ﬁfé&%ﬁ@%cgo%@@9@%\@0-6@er>< surface
shape and a second optical layer (called an embedding resin layer) 5 having a second surface of a
concavo-ctrevexpshapel ThelnterfateHoside ke apticatdayel ¢s formeddraortipe fiest Sueface and the
second surface disposed to face each other and each having a concavo-convex shape. In particular,
the opticdfifffLfciides the first optical layer 4 having a concavoconvex surface, the
wavelength-selesctive rsf%%cti.ve layer 3(; e%_g}:]s d on the concavo-conyvex surface of the firs%optical layer

4, and the second %ptica af/LeSr 5ot _ e wavel ﬁﬁtﬂ-séléjréa’&%/%nreﬁg&%eeﬁ%gﬁg as to fill the
concavo-geRvexsurtace on whichthesyavelangth-sefective reflectivedayer 3 is formed sThe optical

film 1 has an incident surface Si on which sunlight or the Tike is incident and an emission surface 52
from whichoobtheslight éndsentydrethds incident surface Si, light which transmits the optical film 1 is
emitted. If necessary, the optical film 1 may further includes a first base member 4a on the
emission surfacEB2-of4R8 optical Iayerd: Infeiideh, Hafetessdwntireprsal fils 19hay further

includ db ber 53 op the incident surface Si of the optical layer 2. When the first
base merflier 4% G the SBEont bASE Henfioer's S TEGIEREE T (RE-OBRCA fitn T4 described

above, in#he state in which.the first base member 4a and/or the second base member 5a is formed as
a part of the optical film 1, the following optical properties, such as transparency and a transmission

color, are preferably. satisfied sIf negessaty sthewopticakilanbmiaysiusthepingludeacs of
the optical films of Example 1, Example 2, and Comparative
Example 5;

Fig. 29B is a graph showing reflection propertieg of
the optical films of Examplie 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. 30B is a graph showing reflection properties of
the optical films of Example 1 and Example 3;

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

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

Fig. 32A is a graph showing transmission properties of
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bonding layer 6. This bonding layer 6 is formed on one of the incident surface Si and the emission
surface 52 of the optical film 1 which is to be adhered to a window material 10. The optical film 1 is
adhered to the window material 10, which is an adherend, at an indoor or an outdoor side with this
bonding layer 6 interposed therebetween. As the bonding layer 6, for example, there may be used an
adhesion layer (such as a UV curable resin or a two-component liquid resin) containing an adhesive as
a primary component or a tacky layer (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 furt rovi e% 0 tl%e ' re.T f rthT'{ ' E‘ e structure as
describe g%oi\éz%‘%@%ér%p ylp%ne intgftﬂgﬂr%n |'§r% Igyer%%%%?ggtigdl fi r%l % ?5%15 é 1e%tsi?y’ adhered to an
adherend, such@ascthe ysindew raateriabho swithy theyberding daves6 iptespased terelzetween. The
optical film 1 may further include a primer layer (not shown) between the second base member 5a and
the bondingdayert6iaad/of tHansecohdEcptigal tayer SERangerao improve Bordipg préperties between
the second base member 5a and the bonding layer 6 and/or the second optical layer 5. In addition, in
order to iﬁ*FEﬁiove the bonding properties at the same portion as described above, a common physical

pretreatment is Pneferaabéy Egrformed with. or withoué1 Il{g#g the pl;igé%rf%gero%es%ibed above. As the

. . View SOOW1I S 1S
common physmaﬁaretreatmenﬁ for examgle, a p?asma atlment or a corona treaefment may be

mentionegpz 1 cEhe eptical fimzbmay furtheripelids asbaries layer (aateshous) on the incident
surface S1 or the emission surface S2 to be adhered to an adherend, such as the window material 10,
or betweerpthetatovecgirface and the wavelength-selective reflective layer 3. When the barrier layer is
provided as described above, diffusion of moisture from the incident surface S1 or the emission
surface 82 to the wavelength-selective reflective layer 3 can be suppressed, and degradation of a

metal ang)g%e%%ﬁ%ﬁ‘léﬁj;nsg iq, it fi}?,nﬁﬁ[gcan Hbsﬁﬁ%\ﬁ%ﬁﬁk‘r ive layer 3 can be suppressed. As a

result, th e optic € improve e optical film 1 may further include a
hard coat layer 8 opderda impar-acraich segistapce and fhe Jike 40 the,surface.gfths optical film 1.

This hard coat layer 8 is preferably formed on one of the incident surface 81 and the emission surface
32 of the optieat fitn lzeppesiterio thabtadheredid ansadherend; stehasstheavindowasaterial 10.
regult, 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 sco
as to f£ill the concavo-convex surface. In this optical
element, of light incident on an incident surface thereof,
light in a specific wavelength band is selectively
directicnally reflected, and at the same time, light other
than that in the specific wavelength can be transmitted.
Fig. 1A is a cross-sectional wview 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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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 category of the film. That is, an optical
sheet may also be included in the optical film 1.  The optical film 1 has transparency. The
transparency preferably satisfies the range of transmission image clarity which will be described later.
The difference in refractive index between the first optical layer 4 and the second optical layer 5 is
preferably 0.010 or less, more preferably 0.008 or less, and even more preferably 0.005 or less. When
the difference in refractive index is more than 0.010, the transmission image tends to blur. When the
difference_in refractive index is in.a. range of more than 0.008 to 0.010, although depending on the
outeide ESTOE H Bromms P S i e inai (e B eh o SSae ndex i1 a
range of meke than; Q00349 8,008; @ltheugh adifiraction pagrsota venwrghh abjectesuch as a light
source, is disturbing, an outdoor scene can be clearly seen. When the difference in refractive index is
0.005 or less gthéidiffractipi pattérnlisyardly distlisinga®@etherfy stiopticat tayer4 and the second
optical layer 5, the optical layer to be adhered to the window material 10 or the like may contain a
tacky ageht aserprimaryiéotfiporert. BYiReSEEcRIrBastiestABEd abdve, RE®PHCEiIm 1 can be
adhered tohthe gv&n%gﬂvg@ﬂgri@%O or }P}eaglée gyé opg eof ﬂq_ﬁ grst %Bgcalc_ﬁyelr E14 %r}d aheasedcond optical
layer 5, which EoHtamsa tcacjizy agenflas a primary component. | addition, “when tfe Stticture as
described;abavg,isferngd.(thediffergnge n (eftactive indexifhgtacky.agentis preferably in the
range described above.  The first optical layer 4 preferably has the same optical properties, such as
the refractige 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 regioA1Whetftheirdt GPtRaPIESRF B ditPthe'5eRBnd bptEAMaFerY afe RIFRRIUS the same
material, the refractivci inéjex%s fréerggf ggﬁee%ual to each other, and hence, t%;e transf%arency of visible
e

ove e Fhatefial it Tised 25 P StaRihg raw HE

light can 5e Frhlﬁrove%. HOWever, even i aterial, the

refractive,indexes.of the layers finally, abtainech may be; differgnt from gagh, otherdue to curing
conditions and the like in a film forming process, and hence, a careful atteéntion is necessary. On the
other handpethentthe ficst.opticatiayes4 andihe secandnptical dayer-bearerfgrmed from different
materials, since the refractive indexes thereof are different from each other, light is refracted at the
wavelengiie-seletiive ratfielive tdyes lRietoning asthé Yorget, and a FasrAISSioRdMage tends to
blur. In particylar, whe anflﬂfect similar to.a %oint Iright sources, such as a distant electrical lamp, is

observed HHifacHGH p&ttarhtis tiaBR e cled¥§ “obiserved  In SadfioR f-Grder to adjust the

refractive dadeckalye. 23 20dUKe ey b apided o e i optarhiays 4andiori gecond optical

index layer 131 formed on the ccncavo-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 laver 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 ag zinc oxide (Zn0) or zinc oxide added with
gallium {Ga) and an aluminum (Al) (hereinafter referred to
as "GAZO")) ig used, cracksg are liable to be generated in a

vertex area of a convex portion and/or an inclined surface
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The first optical layer 4 and the second optical layer 5 both preferably have transparency in the visible
region. Incidentally, there are two types of definitions of the transparency, that is, one definition means
no light absorption and the other definition means no light scattering. In general, the transparency
indicates only the former; however, the optical film 1 according to the first embodiment 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 closing of a night-time worker, can be easily viewed, even if having
scattering properties, when the retroreflector is in close contact with an underlayer reflector, the

reflected |I%ht reflecteg tré%reebg san be viewed. This is the same rqml%l?l as .tpl%?ln which, for example,

. rtion NEAaAVOo-conyex suriac 1 uence . .
in order t§ Mpart antiglare Properties, even it an antigiare teathent having Scatiening properties is

performed, on.a frontswiace-of an image display-anparatys an-ipage canperyiewed. However, the
optical film 1 according to the first embodiment has a feature of transmitting light other than light
having a spetitic-waveleagth, Whieh s tode=ditectioniadly fefteciied, taneris Hathererhto & ransmission
object which primarily transmits light having this transmission wavelength, and the transmitted light is
observed®gérce, thE dptiédIilmrc prdedbirhad Ao iahesGn@rngIn dpeftitgseHowever, in

accordance with the application, the scattering properties may be intentionally imparted to the second
optical Iafeerﬁecuﬁ’] opticarfilA L is'fre gﬁﬁﬁf%?e‘d 8§‘c§d%§si3n tHerdokto & rif %&ﬂ%/ such as the

window matgrial:1Q, having igsippropetties prinariy to Fansmitted light having a wavelength
other than the specific wavelength with a tacky agent interposed therebetween. As the window
material 10, for examptes erizuildig-windova matesial fera Bighedse: buildiag Deatiowsing or a window
material for a vehicle may be mentioned. When being applied to a building window material, the optical
film 1 is phiticularly pretéradlyispplieddo the Window mnatbAsl 1eaaanded erfaradiny dirgction

between the east to the west throuﬁh the south (such as in any direction between the southeast to the

southwesH*THB 18asGH for'thi3Y 1K \Fhem the WGt w hafdff 25 188Ranged atthe Sosition as
described:abaye, heat ayscambe mare effggtively reflected [he eptical filmd,can.be psed not only
for a single layer window glass but also for a special gfass, such as a multilayer glass. In addition, the
window materral-kthismot dirtited tora enaterfabéarmad-ebglass antha pelyipemmaterial having
transparency may also be used. The optical layer 2 preferably has transparency in the visible region.
The reasé@fcrthigrisdenatsivEsthevpticdllagend hasarsnspakfencyteissdestibed abolacwhen the
optical film 1 is adhered to the window material 10, such as window glass, visible light can be

transmitted® T8 IRFAAG B 5unfihic 4 Be BRsared- # §HdHBRCAS tFs@fac to be adhered, besides
an inside§%g@8%9£%e ghlg?%ran gﬂggdgssgfqtceesggﬁgeof& also be ysed. ].[Ig addition, the optical
anot leldi

film 1 may be used together with er heatray shielding film, and for e€xample, an optical

absorptioggeptiag Skn nMabalspdeRyovidedaidbe intedacahetveen ainad-fae 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 harthewatddyemarn witiatdolsepretestiondayer asurfatekantitéfiegtive $&yer, and the like. When
being used together with the optical film 1, these functional Ia%ers are preferably provided at the

interface bB{FEEPHR JRticRFMRT 1 BRdARE Bowsver, BREGAH Uitadiott pfGtstidn RyePr

necessarily arranged Eloser o asun sid& tr%m the optical film.1, when Hleto tf'jcal film 1 is fsed ona
) € SLIUCCUre . gsc lge a ?ve“ #& was fdup tha % [YNe] tlm%
window glass surface at an indoor side, the ultraviolet protection layer is pre erablypprow ed between

this windaw glasscsiface anckthgopticakfiln1nlohis gasgs anddiravelet agserher may also be
kneaded in a bonding layer
pexrformance is not present. This zreason for this is
believed that the thickness of the wavelength-selective
reflective layer 130 on the concavo-convex shape is iarger
at a vertex portion than that at a bottom portion by

approximately 2 times due to the influences of shadowing and

the like. It was finally found that when the thickness of
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provided between the window glass surface and the optical film 1.  In addition, in accordance with
the application of the optical film 1, the optical film 1 may be colored in order to impart design
characteristics thereto. When the design characteristics is imparted as described above, the optical
layer 2 is preferably formed to absorb only light in a specific 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 L incident on the incident surface 91 at an incident
angle (0, 0, the optical film 1 selectively directionally reflects light L1 in a specific wavelength band in a
direction gtfﬁ%r?nzgan%g%%é\éﬁlarp?gﬁe%tigﬁyﬁrrecﬁgn %E)ae)Lﬁ[SOlil\jvqﬁ% t?anssur%?fﬁnﬁﬁ?grh L2 other than that
in the spegificruavalengiiband. dn addifions theseptiaat flm d hasdransparenaydq the light other than
that in the specific wavelength band. As the transparency, the transmission image clarity is preferably
in the rangemhickh wilt beidesirilbéa: latér dik ties emizodement, O iddigatedsan angleforrhed between a
normal 11 to the incident surface 91 and the incident light L or the reflected light LI. In addition, (I)

indicates Bftghyle fofffed: betweeH ESpetifie’stdddhidine BORItAR thEth@ddtisurRee Siand a

component of the, incident light L or the reflected light L1 projecte the incident surface 51. In
bt StaGN Tt EhC SRR ar At AT Tefoction

addition, thé Specific straight Tine 12 within tHe e
intensity Ie@%@%t@éﬁm%w%w@sum%wyﬂ% angla,(Q. 0)is fhedyand.the optieql film 1is
rotated around the normal 11 to the incident surface Si thereof. However, when there are at least two
axes (directioagxatxwhischtthemefiectionintensity ismaxigized 1arme atthem issselected agdhe straight
line 12. In addition, an angle O rotated clockwise around the normal 11 is represented by "+0", and an
angle 0 rotafegi@nitiockifisé e piesarnda by o o Ansiffd DFotdadElotkwiRe &iaufgdhe straight
line 12 isekrg})re ented by "+0", and gn angle 4 rotated anticlockwise is represented The light
fi hlid

by "-0"
in the spedfic WavaRRGIFbard wh fectb&iy directically Yer&EaE the %‘Eﬁ‘ic light to be

transmitted are;changgd depenging on the application of the optical 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 dimensianadly refiscted isspreferablymeariatiareddighd anc-the-specific wavelength to be
transmitted is preferably visible light. In particular, the light in the specific wavelength band which is
selectivelyarRBASIBRaMEAFRERT iSTprefedahly Heapiwrared sighhBadrgaxsrmary wavelength band
of 780 to 2,100 nm. By reflecting near-jnfrared light, when an_optical element is adhered to a window

material, SGATES aJtHsSWiiow: LT MTFeas? if tERberitufd'n & 6aTfRG tafDeSuppressed. Hence,
air-conditigning ¢agling,Ioad cande reduced, and.energy;saving.can pe perfornedInthis

embodiment, the directional reflection indicates reflection in a specific direction other than the specular
reflection zang therintansityaf the direstional seflectipnds sufficiently higherthan &iei ingensity of the
diffuse reflection which has no directivity. In this embodiment, the reflection indicates that the
reflectancetingr spésific wanelepryiivband for exampley irrthepnemninfrareduegibrads preferably 30%
or more, more preferably 50% or more, and even more preferably 80% or more. The transmission

indicates Bt §he FTranSHmtdie RS EpGhic RavdiEhgtitosmd FEGi6T, 107 &xahpR, in the visible region,
is preferaply,3Q% or mgre, mare preferably 50%,or mote, and-evan more preferaply 70% or more.

selective reflective layer 130 is changed to a metal oxide
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 structureg are one-

dimensionally arranged.)
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In the optical film 1, a directional reflection direction O is preferably in a range of -90 to 90. The reason
for this is that when the optical film 1 is adhered to the window material 10, of light coming from the
sky, light in a specific wavelength band can be returned in a skyward direction. When there are no
high-rise buildings in the vicinity, the optical film 1 in this range is effective. In addition, the directional
reflection direction is preferably in the vicinity of (0, -(1)). The vicinity indicates preferably within 5 from
(O, -4)), more preferably within 3, and even more preferably within 2. The reason for this is that when
the range of the directional refection direction is set as described above, and the optical film 1 is
adnered tp the Windquemalerialdf. of gl camind o, he sky auet buldipos pavingaapproximately
equivalen helgeiﬁts,nllght IN a specific wavelength band can be efticiently returned skyward over the
other buildings- ¥ erder 19 reaglizedbedinectional reflection as described above, a three-dimensional
structure, such as a part of a sphere, a part of a hyperbola, a triangular pyramid, a quadrangular
pyramid, ®r aToned iEpieferabnasedt-tight incidentwh 59, 4)) dieielion {-90<¥x90) can be reflected
in accordance with the shape in a (0o, 4)o) direction (0cOo0c90, -900<90). Alternatively, a columnar

body extériseRihHEIdiFe RN i€ FREERIIEILIBRTRE-RMt ifa BF A1) Hiction (-904<90) can be
reflected in accordance with the inclined angle of the cglumnar.sh in_a (Qq, r4)) direction
R SR o aa e v Shmaece e na

(0<000903.' , the directional reflection o tina speci ic velength band is
preferably jn:the. vicipiy,ofirgtrgreflecian, that is, the reflection direction of light in a specific
wavelength band with respect to the light incident on the incident surface Si at an incident angle (0, O
is preferably. inRhe sicimityotin€n thhe reason for this is that when the optical film 1 is adhered to the
window material 10, of light coming from the sky, light in a specific wavelength band can be returned
skyward. ¥ His embRlinEnbRRé GitinifisPreferably within 5, more preferably within 3, and even
more preferably within 2, The reason for this ig thata hen the relfllgction direction is within the range

described abovg,la%w‘d ﬁﬁe &Stic%l fifn? *15s AdRered 16 the Window nylvét%ﬁaﬁl(i of light coming from the

sky, light in a spegific wavelength hand-ganda-efficiently Tptusned  skyavayd: In additigrwhen an
infrared radiation portion and a light receiving portion are adjacent to each other, such as an infrared
sensor orsatbindrarech inagingtoe vices thentetriateftectionrdirection is ABcassaailycequea 1o the incident
direction; however, when sensing is not necessarily performed in a specific direction as in the case of
the presefeirventien, thegetreRIetion ateSicHRES rict berstA&Iy-RadeRtERtb thelificident
direction. In thjee{\%ptical film 1, the \éalue}g)f e transmi SQQ imaggscgagty,rpne%%%rgdﬁjsing an
optical cORS IR ERidtR of 0% fihd T-a Wave eln“éefﬁl%aﬁ havfaﬁgptrans%]issi:‘on proper?les is preferably
50 or more,; moye preferably 60 oramare. aad even mgre preferabiy,/3 ormare s Whendhg yalue of the
transmission image clarity is less than 50, the transmission image tends to blur. When the value is in a
range of Bhtaless #3an 60eaktaugtedepensiing oa the litsidesbrighiness, qwigredlems 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 objéétr saEh asallight Sbartel M5 diBURBIRY LA/ Dutddst stefrzahibd @darly&8een. When the
value.is 75 or more, the diffraction pa,tterg IS hardlyedisturbin Ffrthermgr%at;\e total value of the

transmissioh-ndde- diafity mbaBured 08ing &R DpticalE0mb With & Width of 07125 frt, 0.5 mm, 1.0

mm, and 8&1@%&%—%@5@@@%&%@8&9'Eﬂg%&ﬂ?f%rﬁ&'yazzn%%'i@ﬁ%ﬁﬂ—ds@i%EP\F% preferably

350 or more. W e total value of the transmission image clarity is leSs than 230, the transmission
image tengsdoddur Yehar the-totalpiadue is€0 aarpoge af230iadesstthas 250, altheugh depending on
the outside brightness, no problems may occur in daily life. When the total value is in a range of 270 to
less than @560 .akHougtya diffactidmpatarhictalveryright objeet wiehl & & igifttsource, is disturbing,
an outdoor scene can be clearly seen. When the total value is 350 or more, the diffraction pattern is

hardly distitbirfg?Tn #H¥ 8mbBhAnE e §51ud oF e FAnsmisdion inage chrifgt?d 2

first surface of a concavo-convex surface shape and a second
optical layer (called an embedding resin layer) 5 having a
gsecond surface of a concavo-convex shape. The interface

inside the optical layer is formed from the first surface
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measured in accordance with JIB K7105 using ICM-1T manufactured by Suga Test Instruments Co.,
Ltd. However, when a wavelength to be desirably transmitted is different from a D65 light-source
wavelength, measurement is preferably performed after correction is performed using a filter for the
wavelength to be desirably transmitted.  In the optical film 1, a haze in a wavelength band having
transmission properties is preferably 6% or less, more preferably 4% or less, and even more
preferably 2% or less. The reason for this is that when the haze is more than 6%, transmitted light is
scattered and blurred. In this embodiment, the haze is measured in accordance with a measuring

method s egfi%g{gy JIB K7dl356 usrig% HI\é—lSO m%rg{ufggtuE%g: Qy Murﬁakag}il golccgir %ese%ar h Laboratory

Co., Ltd. However, when a Wav%erngtﬁ to %p(fesswably transmitted 1s différent from the D65
light-sourgg wayelenathngasuremntis prefe@bly perfeimed:after-gorrectian yperigrmed using a
filter for the wavelength to be desirably transmitted. The incident surface Si of the optical film 1 has a
smoothnesslso as not:oudegratdbdhe irapsmigsidreeadeglarityd angpreferablyctheancident surface -
Si and the emission surface S2 both have the smoothness as described above. In particular, an
arithmeti€aveiage FotdHTess RADf CALR bEHE RcikRhESHFace Bt atRrthé EmisdibRsuiface S2 is

preferably. 0.08 %[n or l?[ﬁls morrclacpreferablryvo.@ pmor less glné evep.more %regerab!e/ 0.04 pm or
e

med , o g concavo-Cco ace o irg c
less. In a Eﬁﬁon, he arithmetic average roughness Ha“desch Above TS calchlated as a roughness

parameter bydpeasuringthersuriacesauobpess-efithe dncident susfage andoltaining a roughness
curve from a two-dimensional profile curve. In addition, the measurement conditions are set in
accordanee withe HGBOGOT 2001vA medduwement apparatus and meastsemebi canditions are shown
below. = Measurement apparatus: full automatic microprofilemeasuring instrument Surfcorder
ET4000AC@IFRIFACIGRIVSY KBSaKka Eaberatoly 48, ) thenwaidrictn ke lis 86£490-8 m; an evaluation

length i_s se';ﬁt 4 mm; a cutoff is setito % tirrnes; and ,fqhdata sampling interval is set to 0.5 pm. The
transmissici E&SFESV e &gﬁfal film T i ré?%?iably as %ea§5ﬁ§$go§§§fg ailh(??%%/eﬁl?f being colored,
the transmigsionecalopreferablyshas,a light eooLioNe; ghe or the like is

incident and an emission surface S2 from which, éf the light

incident on this incident surface 81, light which fransmits

the optical fiim 1 is emitted.

If necessary, the optical film I may further includes a

first base member 4a on the emission surface S2 of the

optical layer 2. In addition, if necessary, the optical

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

incident surface S1 of the optical layer 2. When the first

base member 4a and/or the second base member Sa is inciuded

in the optical film 1 as described above, in the sgtate in

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

5a is formed as a part of the optical film 1, the following

optical properties, such as transparency and a transmission

color, are preferably satisfied.

If necessary, the optical film 1 may further include a
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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 Sl,
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. Furthermore, in order not to make the color tone look reddish, y>x-0.02 is preferably satisfied,
and y>x i%&()c{% e rabli% sg!isfi ..In qggggf if the reflecgogsc:olpr]_;on%ygges with tge incident

r I
angle, for examp g R&R the optica Fim L is ap%ﬁe EEEéf%lrbundlng Wl%cfg%v, its n%?%rec?erable since the

color tone- lpoks gifferently from-place 4@ place raPReAIS o ehande-whea viewed-dymrg walking. In
order to suppress the change in color tone as described above, the absolute value of the difference in

the chromaticity cboididatelx etlighit incdent drethedheidenit surfacesStdrthenemissieri surface S2 at
an incident angle 0 in a range of 00 to 60 and specularly reflected by the optical layer 2 and the

wavelenghf-seletiife Rlethive layetB andithe3HRBIRE viRie Githe dHéPeh & fhhé Thrdhaticity

coordinaic.y.of the Joft are gach preferaply. .05, o1 less. mor.prefarabiy 003 grless, gnd even more
preferably 0.01 orless at each primary surface of the optical film 1. The above numerical limitations of

the chromaticitysoarsinatesxand ¥ of fhe igflssted light Ace prafetably satisfiegdor both the incident

surface S1 and the emission surface S2. Hereinafter, the first optical layer 4, the second optical
layer 5, ahditlde wavekength-selettive eoflegtive | layee3avhiel forn thesdptical filthds withbe
sequentially described. (First Optical Layer, Second Optical Layer)  The first optical layer 4 is a
layer, for e83®ble! $0'SHppErt ANT protect e wasSieRgPirsdle s THEERRERY e L 338 ee imparting
flexibility to the agptical film, 1, the first opfical Iayer 4 is formed of, for example, a layer containing a

resin as fﬁl’%g y Eé’rﬁﬁ%ﬁ“&ﬁ? Boréxa p?es,%n% ot thé 16 ﬁrﬂﬁfﬁy SOMREES B thairgt optical layer 4
is a smooth syrfage, and the, pthersurfage is-concavo-convex suiface &a ficst-sulface). The

wavelength-selective reflective layer 3 is formed on this concavo-convex surface.  The second

optical layesrixisiantaygr t0 peoiest the svavelangihsselaative reflectivadayer 3 bshembendding the first

surface (concavo-convex surface) of the first optical layer 4 on which the wavelength-selective

reflective hgyed 319 fdmnEd. 1A oFdertotifpart thefeXibilty Rethelssticer TiRw 17 theSsecond optical layer

5 is formed, for example, of a layer contajning a resin as a primary component. For example, one of
oo e RN

the two pRfany Sarfaces oFthe SecBha HHYIER I1Xer s s LEMOOHEsafAEE, ahd thé™®

reason for this is that by the structure as described above,
by simply peeling the peeling layer 7, the optical film 1
can be eagily adhered to an adherend, such as the window
material 10, with the bonding layer 6 intexrposed
therebetween.

The optical film 1 may further include a primer layer
{not shown) between the second 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
S5a and the bonding layer 6 and/or the second optical layer 5.
In addition, in crder 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 th%trthe conc vo-conve§gg%{?3%s theéeqff arer versgg, herein.?‘%(%acrmtge structure 4c of the
i t

first opticglrlgyere 7y SvIﬂFge described. n tﬁe‘%p:tflcglrﬁfr%gl,"%ﬁe pitgﬁ P 'of the sfructures 4c is, for

example, ina raRgrof SIYYPLe SquskpPrefeablnii a range ot 8@ prxignemmninere preferably in a
range of 10 to less than 250 pm, and even more preferably in a range of 20 to 200 pm. When the pitch

of the stryctertess4cisdess thamrS prynits @iffieulpicfonm & desitetsttape-thereofyand in addition, it is
also generally difficult to obtain steep wavelength selection properties of the wavelength-selective
reflective &t BreRhcBehePariediisdiBhStavelength may be partially reflected in some cases. When
the reflection a %sccr)ibggcagfv% Jggcu%s, siance J‘;@}%io” :j_sn gain%réelted, aaf‘PrT%rr" gerergﬂection is
also viewed, the rans&arency teHds to ToOK Hot'so goog. In"a dﬁlon,?ftﬁe pitch of & Structures 4c is
more than gdpms g the.shape of 1he Rircture.Acpecessanysforthe directional reflection is taken
into consideration, a necessary thickness becomes large, the flexibility is lost, and as a result, it

becomesdifficalt o adhere the opfinakfim tto amigidibedyrsiichsasctheasindbw matediad10. In
addition, when the pitch of concave portions is set to less than 250 kim, since the flexibility is further

increasedi@t @R 4ol rarkFalBiNG Prodedd GHPDE eB8IKLFETForfiEd, BRE a batch manufacturing

process maxfn(_?t be necessary. In order tfolap I¥_ the ggtical eéeme% according.to an.embodiment of
w?.e eﬁgg?mﬁé%? tive 1 @é% ve %8r en, the b%rrler
the present invention to building matefials; such as a'wihdow; the optical element’is necessary to have

a length of approximataly seMeral meterss apdiieacerasell-tsro rpanutaciring procgss.is suitably
perfoitued rather than a batch manufacturing process. In addition, the shape of the structure 4c
formed infthewutface Df thielkisst optiedl dayerdiisaot timiteshto onbcypeuarich the steuaidres 4c¢ may be
formed in the surface of the first optical layer 4 to have at least two types of shapes. When the
structure$-B€ hudivg R east twe kesds shshspeeare formed ethe3s ifdteba predetermined pattern

formed of the structures 4c having at least two types of shapes may he periodically repeated. In
aciion, GEBHARG B0 LTI B AL TS SHhuch.vES gy BPRACCHRo typos of shapes may
berandO@Bﬁ@@@ﬁg&aﬁﬁﬁ@ﬁ%mevelengthfselective reflective layer 3 can
be suppressed. As a result, the durability of the optical
film 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 film 1. This hard coat lavyer
8 is preferably formed on one of the incident surface S1 and
the emission surface 82 of the optical f£ilm 1 cpposite to
that adhered to an adherend, such as the window material 10.
The optical film 1 preferably has flexibility since it
can be eagily adhered to an adherend, such as the window

material 10. In this case, a sheet is included in the
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Figs. 5A to 5C 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. 5B, a lenticular shape
shown in Fig. 5C, or a reversed shape thereof. In this case, the lenticular shape indicates a shape in
which the.grosgsection perpendidiar (o 1dogine aling conuey POHIONIS f.bATL 9Lan ALe shape or
an almost arc gnap}é, ane |pt|cafarc shape or an almost €lliptical arc shape, or a parabolic shape or
an almost parahelie shapentheygforesa cylingrical shape is also categorized in the lenticular shape. In
addition, a round shape (R) may be foimed at a ridgeline portion, and the ratio R/P, that is, the ratio of
a curvature radiisR toothieaeifchfR bhthe Stectursmdeismpreferably T%eorless; spereqireferably Si or
less, and even more preferably 3% or less. The shape of the structure 4c is not limited to the shapes

shown in g SR RISC e itAé tefersta shapes tdrebt 2nasl &7 i8I SMHEE ayperbdiic columnar
shape, an glliptical . columnar, shape, a po nal columnar, shape, and a free-form shape may also be
used. In é“’cﬁdllt%ln,"%ﬁg%er &x o?ﬁ%gﬁ,fi?serﬁ S %g%%r thg%nt%ﬁ a%r%ﬁgrplg %153? bé ?ﬁnaecf t%vﬁave a
polygonak shape (suchasA partagopakshane) \Mhendthe strciieg 4exs formedhto have a prism
shape, an inclined angle 0 of the prism-shaped structure 4c is 45 or the like. When applied to the
window mgietialkl0, the strustuie 4pyméterahblyhas Lflat surfatess a curved sudéeehbimng an
inclined angle of 45 or more in order to return light coming from the sky in a skyward direction as much
as possibfe BY fefR3CctibASThe REASCH IR SIRiR &FGéscibetbadbveds femeERnat dREE the incident

light is almgost returped skyward by ope reflection, even if the reflectance of the wavelength-selective
reflective ?fﬁ%r%l%’gn% %%%gﬁr%he?r% &n 1Ii\(f](?ﬁt %‘"&%{ e é‘fﬁci@ﬁt}ff ré%?é%{lecp ih%ivéky\%a%r% direction, and
light absorption.fp; the wayvelangih-seleciivesfigatiye laygid gar he redeeed-endi agdition, as shown
in Fig. 6A, the structure 4c may have an asymmetric shape with respect to the normal 11 to the
incident sugfaca &li ethereaission sinfacerS2géthefopticakfilbhdninothisv@ase; adprimary axis 1, of
the structure 4c is inclined in an arrangement direction a of the structure 4c with respect to the normal
11. Here,2hé ppnsty drizendiile Sfrubiife e iRdieatcR B SidigREfe PasIFPMIBTGh a central point
of the base of a cross- .sec(gonff tf;e, %tructugﬁﬁc agg th vgrgex thereof. When.the %ptical film 1 is
adhered e Wifiddw Thatefiar 10 afrafiged approximatély perpendicular to'the ground, as shown in
Fig. 6B, the, pumary axis Im ofihe Steturs Ac isprefesably incliged @ gdower side (grpund side) of
the window material 10 with respect to the noimal 11. The reason for this is that in general, since a
larger amauntrethesdtenterstheatghc windew-abbutiigreartyrafternoonsuard the heightofihe sun is
larger than an angle of 45 in many cases, by using the shape described above, light incident at these
high anglésas deschlfefaBsvebande efficienthprsiecttPiswaRE Afashaitiical §ASm shape of
the structure 4c with respect to the normal 11 is shown by way of example in Figs. 6A and 6B. In
s !

addition, tHESSridtGre A having BshidpeGthEr-thah < p ap& May aksoHave & asymmetrical
shape witpjesgeatdone nginaL Ll Jor exampled omer ubs fody mey haye ap Asymmetric

shape with respect to the normal Il.  The first optical layer 4 preferably includes a resin as a primary
componesbipiwaIth Bgecreasea ivstoragesmedutusca 0L isismall-and inwbichdbesiorage modulus
at 25C is not considerably different from that at 100C. In particular, a resin having a storage modulus
of 3x109 PaiottegsatzsGdng zestoray o dulusdeh3X1a7a7a o midhe @t 10D€ i preferably

contained. In addition, although being ) -
may contain a tacky agent as a primary component. By the

structure ag described zbove, 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

containg a tacky agent as a primary component. In addition,
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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 modulys n t 100 significantly different from each
other, a J‘é%?ﬁegﬁ%tesr}:a%%c&%pee i%%oﬁgﬁfﬁi}%e%o%ﬁ% Jr%l%d oF Ie%a‘%p%%%le optical film 1 may be
curled in gomeLases. iAsibesyocessinchising heating besides apagess,ssuch as an annealing
treatment, in which heat is directly applied to the optical film 1 or constituent members thereof, for
example pghere=malylhe mentibred argrecesssinmihier vaisrva thin film is formed or a resin composition
is cured, the temgerature of a film forming surface is locally increased and is indirectly applied to the

thin film or the ré&fk dorkB&sifET afida prddess th Whithahekdmiperiurd’ st £HBTd is increased by
energy ray radiation and is indirectly applied to an optical film. In addition, the effect obtained by
limiting th%pr?l}r%%lf?c aide ?a‘i‘negse’ofg t &t&%g?lrﬁogﬁ% ?:lg]scéLrYt?edl gﬁ%\%{e'isansoteéé?t%ceularly limited to

a specifictype;of resinaing can-he gbtajngd from anyrtypgofa thermoplastic resimea thermosetting
resin, and an energy ray curable resin.  The storage modulus of the first optical layer 4 can be

confirmed; iffoxexampple; @5 desgeibed betolv.AWben dhesdrfage dbthk firatyeptical Eayer 4 is exposed,
the storage modulus of its exposed surface can be confirmed by measurement using a microhardness
tester. In BHafRREHENTAETRS RSeREMPRT2 a6} tRE iR | di#the surface of the first optical
layer 4, ager the first base member 4a or. tge Iikg 5 ngled %éo eé%oseftjhgssturgcgi%f ttle first optical
layer 4, théf%?gﬁg%c%lt}sxlo 2 é%)soﬁe Qurfade 2an be'confirmed by measdremen using a

microhardnessitester, 3 Asa methodiforsupprassing a desrease in madius,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 thereofmaay be anentianedy afd n: thiereasendiex thernloseting resw anthan energy ray curable
resin, for example, a method for adjusting the number of cross-linking points and the molecular
structure ohaleresdfimkinga@ehence, 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 f£ilm forming process,
and hence, a careful attention is necegsary. On the other
hand, when the first optical layer 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 manufacturi rocess and a decrease in storage modulus_at the highest
temperatfflfabesiﬁ}{ﬁé3 ?n'anﬂ%ct%%?r% %Jfgéléssl"lg s“?nra(glil‘.3 On t%eaoaplgr har%felf a ‘F"e%r? ?sgﬁg%d in which the
glass trangiian.pQigt isdn asrangeof & rpomyismperaliyeLf 266 tofbehighest tempperature in a
manufacturing process and a decrease in storage modulus at the highest temperature in the
manufactlsing pracessdg dargehit becomes difficukt $3. mMaintain & designed ideal interface shape in the
manufacturing process. ~ When the first optical layer 4 includes an amorphous polymer material as a

primary comporiéi, & +&§if iSpieterblyla3étad ainaRecorRsSiEht APvihfchithdaHERing point is

higher than ,tphe E]lighestftem rat%e ina tmanufacturin gprocest%and a dec&ease in storage modulus at
the highest e%per%ﬁereelﬁ e %an%?aectuﬁr?‘gn Sipo%%%gl siall. OR tﬁé%ﬁ?er%a%%l??f%nresin is used in

which thermelting-paintis in grfapge of 8 regm tepperatire 9f 256 tp ag highest fmperature in a

manufacturing process and a decrease in storage modulus at the highest temperature in the

manufacturing precessds Jargeaa designedddealintettatershapereay.be diffieult to be maintained in

the manufacturing process. In this embodiment, the highest temperature in a manufacturing

process iAdieateRttherhighest ieppefdigre sfahéebhéavoBeavex fdcelife first surface) of the first

optical layer 4 in the manufacturing process.. It is preferable when the second optical layer 5 also
Sar Ride b

satisfies theHumarcs valutraf & storagd OGS AT the SMgetattife 7 Pfhe glass
transition pointdescrbgd above. 1. Thatis, 2t leastone ‘Hé@%ﬁfﬁz‘?ﬁti%l layer 4 and the second

optical layer 5 preferably contains a resin having a storage modulus 6t 3x109 Pa or less at 25C. The
reason fosthisds that sincedhe:flexibilitygan tiedmpeastes tevbe epticaldimgl-ala reamdemperature of
25C, the optical film 1 can be manufactured by a roll-to-roll manufacturing method.

Since a currently used retroreflector aims that reflected

i1ight reflected at a display, such as a road sign or cloging

cf a night-time worker, can be easily viewed, even 1f having

scattering properties, when the retroreflector is in close

contact with an underlayer reflector, the reflected light

reflected thereby can be viewed. This is the same principle

as that in which, for example, in order to impart antiglare

properties, even 1if an antiglare treatment having scattering

properties is performed on a front surface of an image

display apparatus, an image can be viewed. However, the

cptical film 1 according to the first embodiment has a

feature of transmitting light other than light having a

specific wavelength, which ig to be directionally reflected,

and i1s acdhered to a transmission object which primarily
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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 polysulfone, a polypropylene (PP), a diacetyl
cellulose. 2 paly(yipyl cploride),an aqy! resin (PMIMYA), ApalvcarhnaledR(i),an epaxy fesin, a urea
resin, a urethane resin, ora melamin resm;%owever, the polymer material Is not particularly limited to
the above matenials cloviewpHithe produetiviy dhe thigkresstofdhe fitst base member 4a and that of
the second base member 5a are each preferably in a range of 38 to 100 .Lat; however, the thickness
is not limitecktherefol Fhedrstisaseimember Zatandithe secopdiasesmenbewtaaachipreferably have
energy ray transparency. The reason for this is that as describe below, an energy ray curable resin
provided BERFESHRIESWHISIBNGtResSleRMeRieEhve [a8r SEMETRE HIKT HasERR&MbRF 4a or the
second base n%eemg%r 5a can belclurecliﬁﬁ% irrtaéiéatpg %f ener%)é%ar{ frorpithe irst base r‘gember 4a or

h :
the second Base miember ba side. ¥ First optical ay%r and the Second op ic: ﬁgyer 5 have, for

example, transparency, dhefirskentical layer drandthasecondaptisy! layels ¢ap be obtained, for:
example, by curing a resin composition. As the resin composition, in view of the ease of manufacture,
an energyrayreurablecresin-tiohiel corethhy bghthelestrohsays, oidhe fike orddierndosetting resin to be
cured by heat is preferably used. As the energy ray curable resin, a photosensitive resin composition
to be curdd By Rght-is FrefetaseCBn® BARAFAVISIE Blifdbie fesin EEmpbaitioh 1§ Be%ured by ultraviolet
light is mqst preferable. In order to improve the adhesion between the wavelength-selective reflective
layer 3 aﬁultﬁ%%ﬁ%ﬁgﬁﬁlc%l ‘—flay%ar“ﬂegrn % ts%cgn %ﬁti%a a}gygr% the ?ecsjirg %Sm%%gﬁ%%nﬁt%\%erably
further copigips 2 W%@%ammwri@@%@&%@wd £antaining; syeeipic acid, and/or
a compound containing butyrolactone. As'the compound containing phosphoric acid, for example, a
(meth)acrylaie eoataining phospbatmacid, may beilséthgnd an@eth)ectyicimdndmer @ontaining
phosphoric acid as a functional group or an oligomer thereof may be preferably used. As the
compount €DRtAAIRG Stietic BidCtor xaRtpa R (rRstHadiyREe Yon@lfag 8dcdifie atid may be

ihereol mig be B A PO R B SompoU e oA DBy AT e o A &
(meth)acrylate santaining hutyrolagtons may-be ysed, and;a (pethacrylic.mopomer containing

butyrolactone as a functional group or an oligomer thereof may be preferably used.  The ultraviolet
curable resif: ceryosiioamontaias dor example;@cimeth}acrylate and a:photeralyroerization initiator.
In addition, if necessary, the ultraviolet curable resin composition may further contain a light stabilizer,
a flame reftarer 2alevéling Glgepn arednifsddditeasd e ke, theangrgrtadipataidimerdmer having
at least two (methgacryloyl roups and/qr.an oligomer thereof is preferably used. As this monomer
and/or the BHEAFHSreGE for b aplE- 4 TithaRe TREEE G, ZTREBRT hetyadifate, a
polyester {eflagatare, apelval (aeliaghlate,a pobietharmethlagniale. gz adaglamine
(meth)acrylate may be used. Here, the (meth)acryloyl group indicates one of an acryloyl group and a

methacrylgytereispi In this embedimgat the: oligamenindicates ameleewe hevingasaiecular weight
in a range of 500 to 60,000.  As the photopolymerization initiator, a compound appropriately
selected fremtcommyenraaterialgnpay belfseel Neethy confrhen hedlteriaffor ekampiel a

benzophenone , )
£ilm 1 can be used not only for a single layer window glass

but alsc for a special glass, such as a multilayer glass.
Tn 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
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derivative, an acetophenone 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 to remain in a 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
photopolym%r%zeaéiog initigtosr, %nd Itlhse !,;ilkreelalée C(%Lllgcg}i/l%ly _gage% he solid. conten A resin to which
the structtire car %ejtpéns?erred: %y e%ergy ra3§ ifradiation, heat- and e hikdlis pre%?ably used, and as
long as the.ahoye-gdescribedseguestfor the tefractive indexiis satisfigsh any type of resin, for example,
a heat curable resin or an ionizing radiation curable resin such as a vinyl resin or an epoxy resin, or a
thermoplastierresirsiichvas pokteadoiateionaerylate wiayrbe eedpt 1 Aabligamer maysbe added in
order to decrease the curing shrinkage. A polyisocyanate or the like may also be included as a curing
agent. In adbriBAdintConsiterdfionior dthesiohas the firstepticablayérdardihésecond optical layer

5, at least one of a mgnomer having a hydroxyl group, a carboxyl group, or a phosphagric group; a
polyalcoh‘éjr(s,t%l})‘”r%éf)%ur?%&,g Eaf“b%%y{igg‘ a&%ﬁ%‘}é}?&e H aﬁjﬁn§ﬁé& &ﬂ%rﬁ&’m%%ﬁ% Sgent; and
various chelating aggats.0ay alsa,be addedon, THE resin composition preferablyfurtbgr contains a
cross-linking agent. As this cross-linking agent, in particular, a cyclic cross-linking agent Is preferably
used. The&eastadorthis issthas by wsing-a crossdinkingl agent, heatresisiarcescarrhe émparted to the
resin without considerably changing the storage modulus at room temperature. If the storage modulus

at room témpertireechsiderablyechizdg@s, the optical film 1 will become fragile, and production of the
optical film 1 by a roII-to-,roI.Iﬁ)rocess or the like becomes difficult. As the cyclic cross-linking agent, for

example, there ray B mehtBned dfoxaRedifcol tixdhylatd " IcyRfodttse diREHATOI diacrylate,

ticyclodegang dimethanel dimethagrylate. elfylens axde:madifiedisponyic.acid giacrylate,

ethylene oxide-modified isocyanuric acid triacrylaté, or caprolactonemodified tris(acryloxyethyl)
isocyanuiste.i caThafigst-hasednembet 4apr the seeerd base memberha geferably-has a lower

water vapor transmission rate than that of the first optical layer 4 or the second optical
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 ultraviclet 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 interxrface between the optical
film 1 and alr. However, sgince an ultraviolet protection
layer is 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 sgide, the ultraviolet protection
layer is preferably provided between this window glass

surface and the optical £ilm 1. In this case, an

ultraviolet absorber may also be kneaded in a bonding layer
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layer 5. For example, when the first optical layer 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 31
or the emission surface 32 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 | can be improved. In addition, the water vapor
transmission rate of a PET having a thickness of.75 pm_is approximately 10 g/m2 /day (40C, 90% RH).
Itis prefe%ﬁg Jf‘r(%-%la éa?}i)éeé%s‘?%%% g%fﬁe ‘ﬁ%&dﬁ%‘ﬂcgﬁ%?esr %ﬁggfﬁee s%gé?né %Sti(%f g’y(:eaf includes a
functional:groyp-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 edgrtainiaphospheric-acidoengpouiid; (Such asoa phospharnc estehand that the
content thereof in the first optical layer 4 is different from that in the second optical layer 5. The content
of a phospREHE aéididoFpdund-RatheRfrdcaptichl 1y er SR Ypreferasly iffsteAtroMAREL 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 r%ﬁSrel.m%aWheQnegtllgﬁstc éﬁg IRUCRI 6&%(/:an e@%?ﬁoand t‘%%es%c%na op%%é Iréyer 5 contains

a phosphatig agid.compaund; the W@—S&@%g&fmﬂ&e daysr S 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 arkiperserond apticaklayeln § wiieheantain s phesphaticy/adid gampownd. In particular, the
wavelength-selective reflective layer 3 preferably has a layer containing zinc oxide or a niobium oxide
which is iFRfAtEE Witicatsdastone sBne firstdptichl BeraantheRecéHdBpRealTayer 5 which
contains a phosphoric acigd compound. The reason for this is to im%%ve thf adhesicgll,between at least

one of these opfical 1afer§ And t SW%%“HQ\fﬁ-s%feec‘ﬁvg Sedtie 145ers 1ot SHitE 'ﬁ%arting design
characteristics dq the ptical fim 1L the winglows material 10, and s like, atigastongf the first optical

layer 4 and the second optical layer 5 preferably has properties of absorbing light having a specific
wavelengiizifn thendsibleirggion-Attheugha pigment taobe dispersed in the resinemay be any one of an
organic-based pigment and an inorganic-based pigment, in particular, an inorganic pigment having
inherent Isight iwaathei issistahes ispretdabiieade s W parfcuRly, for exhiiple theitmay be
mentioned ingrganic pi%ments such as zircon gray (Cq, Ni-doped ZrSiQ4), praseodymium yellow

(Pr-doped- &<ty SEit miurﬂftitgﬁiﬁn%fn%b?/v tCrEh-a6p8d Tio2 BF CHARAGERE Tio2), chrome green
(such as Cr200) peacoc by (GRZIDUNCAGS). Vislorig reen (A1 G203, dar

(Co0-AI202-Si02), banadium zirconium blue (V=doped ZrSiO4), chrome tin pink (Cr-doped
CaO-Sn02=8i02) manganesedqurk dMadoped AR203) rand satrton pinka(Fe-depred £65104); and

organic pigments, such as an azo pigment and a phthalocyanine pigment.
wavelength band in a direction other than a specular
reflection direction (-6, ¢+180°) while transmitting light I,
other than that in the specific wavelength band. In
addition, the optical f£ilm 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 1light L or the

reflected light I;. In addition, ¢ indicates an angle formed
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(Wavelength-Selective Reflective Layer) The wavelength-selective reflective layer 3 is 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

Wavelenggg-gelective refl%ctii/ .Igygrcgaé QO\M]AQ Fi%’ Mtﬁlf W@ﬁeéerlg{[@i é cgive reflective layer
- ahioh & tar i it

3 has a laminate Structure in which a met ayer 32, a protective layer 33, an Igh refractive index

layer 31 aye.seguentallylaminateshntheconcavergonvay sudaee of thedfirst gpticakéayer 4. In
addition, if necessary, at least two of the above laminate structures may be laminated to form the
wavelengte-Setectizd réflettivellayprs]Whepcatdeastitwooitidlabovelaniinate Sttuctures are
laminated as described above, the wavelength selectivity can be enhanced.  Fig. 7B is a
cross-se@ifak el sidWingReptferstickrardtampiof theirdveten dthseléttiveGBitective layer 3.
As shown in Efig. gEithe wavelengthEs%Jggt{ij\fg r&%lgct}%eflf 85:3 may. fucrther incclude anotger high

refractiveRdex Fayer 31Betwaen the cOncavo-convex Surace of the %rs?%%ﬁcé{l I%ﬂr/leral nd the metal

layer 32. YWhen the-high sefractiver index jayar 3lrs furtherdaeluded asLesgribgg abgve, reflection of
visible light can be further suppressed.  The refractive index of the high refractive index layer 31 is
preferably incadangeaf tetoch6i€hé réfidciive index déescrivgdeatmveds thererpreferdbly 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
antireflectiontif th&Qisiile te§iBh iSeeliRableYy aMifntabing ASHaNSMickResE ir#Rich no cracks
are likely to be)_?g':enfrateg. Ln this case, E e refr%c.tive ir)lde Is at a \gagﬂgng@fq 550.nm. The high

refractiveififle aye?‘%.sL is avfgyearxceo%tainllnrg?c tous) at waic ection
intensity is maximized, one of them is selected as the
straight line 1,. In addition, an angle b rotated clockwise
around the normal 1; is represented by "+6", and an angle o
rotated anticlockwise is represented by "-0." An angle ¢
rotated clockwise around the straight line 1, is represented
by "+¢6", and an angle ¢ rotated anticlockwise is represented
by ®-¢".

The light in the specific wavelength band which is
selectively directionally reflected and the specific light
to be transmitted are changed depending on the application
of the optical 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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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 generation of cracks, a metal oxide other than zinc oxide is preferably
used. In particular, at least one selected from the group consisting of niobium 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 rim. When the thickness is
less than 10 nm, visible light tends to be easily reflected. On the other hand, when the thickness is
more thaF1 é&g ngl .%ﬁlegrseagelig é@% 'ttar&&e arg% Hhcgan qﬁrlera'g_iﬁor}?fe %rgézgs are liable to occur.  As
the metal'layer <y ,jTor examp[ae, ameta r’r?/aterlg]%avmg a @h feflectance in the infrared region may
be used. Asthe mefalmateral deserbediabowe, fonexample, apelamental,sukstange 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
substancesrentibnesaboveds tontamed ag®q priaddrycobmgpnest A aditione dn tdrgideration of the
practicability of the above metal material, a Ag-based, a Cu-based, an Al-based, a Si-based, or a
Ge-based ifitaPiafifal PgreferaBs isetFamehg tsok - entivhiediapors 1 BtRikion, when an alloy
is used as a material for.the metal Ig%ﬁr 32hthe metal Ia%er, 32£referabl)é contajns as a primary
compone%}lﬁblisAlei’i,%é?,SAI%r,E dCﬁ, Aﬁ\ﬁlﬁi,eia d&%, %WaAéjé&T i,leE’dCa, AgPdMg,
AgPdFe, AaNAG AGBInAGe SIB,qs the ke In addifian, in, order 10, SUpRISSS £OMMosioN;9fthe metal
layer 32, a material, such as Ti and/or Nd, is preferably added to the metal layer 32. In particular, when
Ag is usetlasia maatehal foethe-metal dayera2e the abeve-mentionethanaterigkismeeferably 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 %o PB¥n camPeiitiore prcfefdbiy it a vande 588 1¢20FmR. WhHEKhIRE Bsickness is less
than 6 nm, since the metal of the met I_Igye 32 becomes ir]qthe form of islands or %rains, the reflect

0

function th&feot tenddto'dedtadB “Sn T HamtCWhehthE thickieds§ riieeTHaR 30 nm, the
transmittgnee, ends £ decreases, . THeRIQIECHVE 1ay8L 334$ Adupiedtive layerwhich suppresses the

degradation of the metal layer 32 in a step of forming the high refractive index layer 31. As the
protectivei kayen 83; tor example, iayAa®©-hased exide primaiilyi egmpesedhef a nFetakexide containing at
leastan 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 regiocn,

is preferakly 30% or more, more preferably 50% or more, and

even more preferably 80% or more. The transmission

indicates that the transmittance in a sgpecific 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 directional reflection
direction ¢o is preferably in a range of -90° to 90°. The
reason for this is that when the optical film 1 is adhered

to 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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oxide of Zn is 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 (AZO), 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 a 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 layer 31. On the other
hand, when the thickness is more than 30 nm, cracks are liable to be generated. This layer may also

contain at least or%le %o%régtrsuch as.v%llumlnt_Ejhrrga Al) orgalllumn(inQ as.des%lbegc?bove. The reason for

this is thaf Whan the l|gh refractive in ee§<ljlayer T, Wwhich'iS a'Métal oxide Ia;}lezr, |slfrolﬁTs1e&%y a

sputtering method-onthe. likey the filgy quality andthe smpathness argdmpraved: £Eupqtiqn of Optical
Film)  Figs. 8A and 8B are cross-sectional views each illustrating one example of the function of an
optical fillmnHedel the @ase thwhichrthetstricilirerhali @ ptismrshape=aftaicinclired angle of 45 will be
described by way of example. As shown in Fig. 8A, although some of near-infrared light L1 of sunlight
incident oprthicateY fifkr 145 8irsétoraiy yeéctél skyiard inFagliréégémapproximately equivalent

to the incjdent direction, visible light L2t its t tical film 1. In addition. as shown in Fig.
55, the I IS ACEoR H e it L R rehe P in (e refbn B TR e i

wavelengiy selective reflective Jayer3 is.separatectinto,a gompenens LA reflected skyward and a

component LB not reflected skyward at a ratio in accordance with the incident angle. In addition, after
being specularyhefiectedmaiihe intedaee betwerrethersecesddpticallayers and Bk the;gomponent
LB not reflected skyward is finally reflected in a direction different from the incident direction. ~ When
the incide®i afgleichlight isepréseries By Hodte pdirattive amdbxibichesiestapticalibyers is
represented by n, and_the reflectance of the wavelength-selective reflective layer 3 is represented by

R, the ratiPoftRETofihdrent LA FAHBERY Jwatd To-atl the MEidth? B6mpoHERE iS TeBresented by
the following.fogpyla, (0. x£{SiNAT A cas(dBaT MBS AU S:aT 52548 A)HR2...1)

heights, light in a specific wavelength band can be
efficiently returned skyward over the other builldings. In
order to realize the directional reflection as described
above, a three-dimensional structure, such as a part ¢f a
sphere, a part of a hyperbola, a triangular pyramid, a
guadrangular pyramid, or a cone, is preferably used. Light
incident in a (8, ¢) direction (-90°%¢$<90°) can be reflected
in accordance with the shape in a (0o, ¢o) direction
(0°<B0<90°, -90°<$0<90°}. Alternatively, a columnar body
extended in one direction is preferable. Light incident in
a (6, &) direction (-90°<0<90°) can be reflected in
accordance with the inclined angle of the columnar shape in
a (Bo, -¢) direction (0°<Bo<S0°).

In the optical f£ilm 1, the directional reflection of

light in a specific wavelength band is preferably in the
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In the above formula, a'=sin (sina/n) holds. If the ratio of the component LB not reflected skyward
increases, the ratio of the incident light reflected skyward will decrease. In order to increase the ratio of
the skyward reflection, appropriate designing of the shape of 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 Iiggtf thee Eatio of 'L%ht E%féergte(%ﬁ%\ﬁ/ard too% eeligpé ' cidqfn:t above a building window

material and the liké can Be ncreased. Since one reflection e inciden |§ﬁtnby the

wavelengii-sglective, reflectivgiayer 3 is enough asShowe nkige BARAFIg: B8, the two shapes

shown in Figs. 5C and 6A can increase a final reflection component as compared to that by the shape
as shownrasgashoftfageBA ahdBB ihnetideneflectiontie perfodried: twicex 68 34intss atmore). For
example, when two-time reflection is used, if the reflectance of the wavelength-selective reflective

layer 3 is3BstmeHBIY Aradettalfl wavieldrigtR rhESIgAVEYd #&Tdeliencelis Inasratiedlly(84%, and
when the reflectign is performed once, the skyward reflectance is 80%. Figs. 10A and 10B show
the relatidbrfship 3%3 rfé)%%ﬁﬁél 13%f tﬁ%‘%glu na?%?‘r%cﬂ?f%%c%\?\}iﬁw ﬁ%ti%%l]en?ﬁ&m I*afd the reflected
light L1. It isyprefesable thatof thesingident lightls incident pnitheincident susface Bl atan incident
angle (0, 0), the optical film 1 selectively directionally reflects the light L1 in & specific wavelength band
in a directory (0g, :8h00s00=98p while dramstrittingdhe liphtl? other Hran-that imthe specific
wavelength band. The reason for this is that when the relationship as described above is satisfied, the

light in thélspeeitie wavETerigih HafiReRiRreretlecteteskyivaka Lrthisscazes Damaieates an angle
formed between the normal 11 to the incident surface 81, and the incident Ii%ht L or the reflected light

LI In addiibh0Tndicat@ 4T aRgRTEHACY hetivadh the' strafght 1if¥ 3 WINER perpendicularly
interseasp@&f&%gﬂ?h]xg’i@(ﬂfﬂﬁ columnap stryetyre.de i thedpeident.surfage gl and gigomponent of

the incident light L or the reflected light LI which is projected on the incident surface Sl. In addition, an

angle O rafatelection direction is within the range described above,
and the optical film 1 ig adhered to the window material 10,
of light coming from the sky, light in a specific wavelength
band 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 equal to the incident
direction.

In the optical film 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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clockwise around the normal 11 is represented by "+0", and an angle O rotated anticlockwise is
represented by "-0". An angle O rotated clockwise around the straight line 12 is represented by "4", and
. an angle 0 rotated anticlockwise is represented by "4." [Manufacturing Apparatus of Optical Film]

Fig. 11 is a schematic view showing one structural example of a manufacturing apparatus for
manufacturing an optical film according to the first embodiment of the 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 irradiation device 46.  The laminate rolls 41 and 42 are arranged so as to nip an

optical IaXer 9 gc%/fl_q:%%wi h%r.eg cg\éq_,@ye 8‘{19 tg%ggg%qj%s%me&b%{&%’T%gptical layer 9

provided With'a reflective ayer is formed by forming the wavelehgth- selective reflective layer 3 on one
primary seifage pbihe {yﬁg Qgtjgaﬂ@ye;rgdf.d@- agdition, amthe opticallayrid provided a reflective laver,
the first base member 4a may be formed on a primary surface of the first optical layer 4 other than the
surface onnemish ise wawelomytte selbativé veflestile $8y crI3iB fofned:ha tRIsEXaMIpIE ithe case is

shown in which the wavelength-selective reflective layer 3 is formed on one primarg surface of the first

optical lay&rP4 SriPReSirsCoise FembBEIe iER6rnTEd B tRE otferdbrinfdlySutihce th&Rof. The guide
roll 43 is auanded, ata ipnspotpati of s antlacturing apeacgius 30 as (e JiRaspad he
i Fritm % % [ E%% § % er

belt-shapeasbptica [ Materials for the Taminate’rolls 41 and 42 and the guide roll 43 are not
particularyirpiteg angkinaceordance with desited 1alkpropertiess fanexampleca metak skch as

stainless steel, a rubber, or a silicone may be appropriately used.  For example, a device having a
coating unitrsichceds & coaterlrmy behased as thel coatirghdevide A5 rAs thevoatet, t#rtonsideration
of the physical properties and the like of a resin composition to be applied, for example, a gravure
coater, a WirePhar&doatér b8 RO Ro8Er m&HEE apPrépriatdy usBAFRE irrddiation device 46 is an
irradiationdg_%\gﬁg:l\)/vgilcgh r%fjrilatgaé rcl)i%il[lgsrgg%esuggna%e clearly seen. When the

value is 75 or more, the diffraction patterm ig 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 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 value is in a range of 270 to less than 350,

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 total value is 350 or more, the

diffraction pattern is hardly disturbing. 1In this

embodiment, the value of the transmission image clarity is
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electron rays, ultraviolet rays, visible rays, or gamma rays. In this example, the case in which a UV
lamp which radiates ultraviolet rays is used as the irradiation device 46 is shown. [Method for
Manufacturing Optical Film]  Hereinafter, with reference to Figs. 11 to 140, one example of a
method 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 mold is performed independently.  First, as shown in Fig. 12A, a mold 21 having the

same concavo-conyex Shgg% &idtggggf ;pgtqfrulﬂgeﬁpﬁsa g@iqlgegw_)lhlaving a reversed shape
5 d . ;

thereof isr?%ﬁﬁeg, for examp y cutting tool processing or laser processing. Next, as shown in Fig.

123, the ganoavaconvey shapeefiherabeve mold-2hds tansferredrie @ filmsshapedresin material, for
example, using a melt extrusion method or a transfer method. As the transfer method, for example,
there maybementicniesla@msthod in hickeari eadrhy ray zasablé tesin ispodrefdmeryhold and is then
cured by irradiation of enqrfgb% rays, a method in which a shape is transferred to a resin by applying

etd;

heat and/BF Bressub® fhekéth AnBotHieth SERWRTEH Hre SRERIRTR S Phed from a roll, and a mold
shape is tran?errggégf;retq: Pg ﬁﬁ’%cl%'i%% gat I%rgirrleaxggg 5@nffserﬁrg%tg%%%iggc%dliﬁ%lyaas shown in

Fig. 120,]ﬁ1ree w%fop Ei’aeyer s formed so that one primary surface t has the structures 4c.

In addition;as shownin Fig: 1290, thefikst apticallryeidsmay e forpad anithe digst 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 aTall,@nd apeneedy rdyicurableaesiazs applied vates dagemémbdr, the resin is

pressed on the mold so that the shape thereof is transferred and is cured by irradiation of energy rays.
In additioRaffit¥esintrardtaB R RRnBE BRANsSE crossHfRiGEEgEnt. Pife ReasoRTer this is that heat

resistanc%c%n be iénjpgrrgag to tgg resini/vithout gggsige%alglﬁgr%an%% € %(k? aggezr;pogulus at room
temperatur%. © PREXCHS s%wn“’incﬁg. f@i,’the WaveYengt Lefective reflectiv layer s formed on

one primary surfaceof the. fisst Optical layar. As a mathgedof ferming.the wavelgngth-selective

reflective layer 3, for example, a
than 6%, transmitted light is scattered and blurred. In
this embodiment, the haze is meagured in accordance with a
measuring method specified by JIS K7136 using HM-150
manufactured by Murakami Color Research Laboratory Co., Ltd.
However, when a wavelength to be 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
smoothness so as not to degrade the transmission image
clarity, and preferably, the incident surface S1 and the
emission gurface 82 both have the smoothness as described
above. In particular, an arithmetic average roughness Ra of

each of the incident surface 81 and the emission surface 82

ig preferably 0.08 pm or less, more preferably 0.06 um or
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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 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 is formed on one 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 pripagly camgoseeLef gietalnateriplfaing aighfelisctannedn the fiaied pagian o
provided. Next, while a process gas is introduced into the vacuum chamber, the target is sputtered, so
that the metal layer Bads fiosmedanthe highdaliactiverndexyer Bda aiext the first optical layer 4
provided with the metal layer 32 on one primary surface is transported into a vacuum chamber in
which a targjet plistaeify eemposedohaskrDbasethokitle iSprovdediNgd, thestargatissputtered
while a process gas (inert gas) is introduced into the vacuum chamber, so that the protective layer 33

is formed"SHAREE Plyer 3. AR delehibed Whbes SsiRCE tHEERGEL PANRNRPOSABESSH of a
Zn-based oxide is-sputtered using. an inert gas, such as,Ar, degradation of éla% ta| layer 32 used as
' Can be Suppres <§1 N f#js : provid Wlt}{?;fﬁe

an underf‘élf/gr can be suppressed. ext, the first optical layer 4 provide protective layer 33
on one prmary.syface-isdranspaned dntoras vacuumn shambeys i-which-a-targetprimagly composed of
a metal oxide, such as niobium pentoxide, is provided. Next, the target is sputtered while a process
gas is intmuecad irtothe vasummachansem: $o datdlre igh mefidctive indexdaydér 31 is formed on the
protective layer 33. Accordingly, the targeted wavelength-selective reflective layer 3 is formed.

Next, if nE68sshRL IRE nfeisl 18er32 JhéPotective 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 Iamin%%%ﬁ%jf?énées?%wgggsggtﬁcnﬁsuni suSéL;ichaiﬁgﬁj%?ntzglﬁemr%%%??a@%% Jl%%z,ethe protective layer

33, and t%Q@@f@HﬁC@&l@P&?ﬁé@ﬁersﬁfcd\l@gra@@@@wain Fith k3B dfngcesgsary, an annealing
treatment 310 is performed on the wavelength-selective reflective layer 3. The temperature of the

annealinktreatmentadura tange, Iaexample, 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

In addition, Ac is set to 0.8 mm; an evaluation length
ig set to 4 mm; a cutoff ig set to 5 times; and a data
sampling interval is set to 0.5 pm.

The transmission cecloxr of the optical f£ilm 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 degcribed above, the
chromaticity coordinates x and y of the transmitted light
incident on the incident surface S1, passing through the
optical layer 2 and the wavelength-selective reflective
layer 3, and radiating from the emission surface 52, and the

chromaticity coordinates x and vy of the reflected light

preferably satisfy, for example, 0.20<x<0.35 and 0.20<y<0.40,
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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 ultraviolet 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 rays 320 or heat application
320, a pressure 330 is applied to the laminate. As the energy rays, for example, electron rays,
ultraviolet rays, visible rays, gamma rays, or electron rays may be used, and in view of production
facilities, ultraviolet rays are preferable. An accumulated irradiation amount is preferably selected in
consideration of curi roperties.of the resin, suppressign of yellowin the resi the base
members, and the ﬁé]eé']%]geﬁ') Bre@éﬁq?fé gﬁélig(? tot Cglgrh%lrgaftg Ts}s br%?gra%@%n%}?gig%elgc%go.m to 1 MPa.
When the,pressutgsisJess anQ.01MPantavelling pedotutance afrasfilanmaygause 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 pressiureunrégelatityimag benlsalbls 5o be gjenesated cAccordinghhasstown intFigrB4Q; the second
optical layer 5 is formed on the wavelength-selective reflective layer 3, so that the optical film 1 is
obtained POt By k) e Mian GRERKiINgPASparafls St FigYtE @ nfbthdd for forming the optical
film 1 will be @artigg?rlysggscri ed.. First, the secand base memtger 5a is_fed frg{nsgibeage member

an

supply roff fﬁotes?howr?s, s ls%%én& %ésg Thember 5a th® fed 18 allowed to pass under the coating

device 45;,Nextan ianizing ray glrableriesin 44.s applisd Rythe ceatingLdeyiee4%9a the second

base member 5a passing thereunder. Next, the second base member 5a on which the ionizing ray

curable resin 4d<is apptlied s, trérapostedhtoltbe lamnate rallsoPmithelottiéfdanid, tke optical layer 9

provided with a reflective layer is fed from an optical layer supply roll (not shown) towards the laminate

rolls 41 apB®Pied Nextathe\ sekdhahasertiembet Sa'dhd e dpFiRAFBFERS pPovided With a reflective

layer, which are transgo ted, are eé% between the laminate rollsé41 afd 42 so that air bubbles are not
o 1 = 1 ce

trapped b%%ggn 18 Secoid Base rembar 5a and the gp 8

ac ace. o 3 ol .
|ca?layer8 prowdeg WIth & Teflective layer,
and the opficahlayerd provided with @QE%\%? lpyekis]gminatgd opdbe sesondbase gaember 5a.
Next, while the second base member 5a on which the optical layer 9 provided with a reflective layer is
laminated isdranspegied along aperipbaealstrface of thestmibatesr ol dis thésonizing:ray curable
resin 44 is cured by irradiation of ionizing rays from a second base member 5a side using the
irradiatiory déviee @46. Peeordiddiy the&ecoid Bage Fhembat 55 ARy theoptéartagero plovided with a

reflective layer are adhered to each other with the ioniz#ng ray_curable resin 44 interposed

therebetwesh so RS targeted 8hg Ot fifm T4E téthed® NeXt, the Defstiipad bptical film 1
thus formedis wound-by.q winding ralk(pt shownd. As afesull anarigipalfabric fegmed:hy winding

the belt-shaped optical film 1 is obtained. = WHhen the process temperature for forming the above

- second optieallayeris settpites theicureddiist epticat tayel 4 preferablydastastorage modulus of
3x107 Pa or more at (t-20)C. In this case, the process temperature t indicates, for example, a heating
temperatwavsf ke tahinate rolit4V sSined U firsy epiieal$ayer £RDrovitedlrRP ERafMple, on the first
base member 4a and is transparted along the laminate roll 41, with the first base member.4a

interposedh&ebBfwddit il expERBffally UrideTsoot RAthE 1Eperanre BatiElly aBblied to the
first opticah|ayer; 415 ApROXIMAlgly (-20)G. Thereforg s when fhe storage MadLlys, aLELPP)C of the first
optical layer 4 Is set to 3x107 Pa or more, the concavo-convex shape of the’interface inside the optical
layer can pessuppressaskironydeferaatianbeausec:sy: haating with or withogt pressuegaapplication.
primary surface of the optical f£ilm 1. The above numerical
limitations of the chromaticity coordinates x and y of the
reflected light are preferably satisfied foxr both the
incident surface 81 and the emission surface $S2.

Hereinafter, the first optical layver 4, the second

optical layer 5, and the wavelength-selective reflective
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In addition, the first optical layer 4 preferably has a storage modulus of 3x109 Pa or less at 25C.
Accordingly, flexibility can be imparted to the optical film at room temperature. Therefore, the optical
film 1 can be formed by a manufacturing process, such as a roll-to-roll process. In consideration of
the heat resistances of resins used for the optical layer and the base members, the process
temperature t is preferably 200C or less. However, when a resin having high heat resistance is used,
the process temperature t may be set to 200C or more.  As described above, according to the
optical film 1 of the first embodiment, the wavelength-selective reflective layer 3 has the structure in

Whi(;h th Qeta}_j I%yerw?hzié e g(r)ort%ct{':\ﬁ?elager{:?i?é, nq:t{f high r@‘:ﬁcfive indseex {i”l er 3511ﬁe sequgntially
laminated ¥ this Grder on the concavoconvex su?%ce ot the first optlcaﬁ?ayer%. elhlgh¥efractlve
index laygr.31is; pamgarily 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 suppressed. In addition, when the
protective! leder 830g faraxed Dy asputtsdngmdethod sy d.target) primarily composed of a metal
oxide, degradation of the metal layer 32 used as an underlayer can be suppressed. <Modified
Examples>  HEfeitdftnioaifetPexarples ot the aBoveEmbodirRéntSif e descriBed. [First
Modified Example] Fig1 22 5.2 SLoS5:8°¢Hona) Vgw: showind a st reriective

layer 3. Since imparting flexibility to the optical film 1,

the first optical layer 4 is formed of, for example, a layer

containing a resin as a primary component. For example, one

of the two primary surfaces of the first optical layer 4 is

a smooth surface, and the other surface is a concavo-convex

surface (a first surface). The wavelength-selective

reflective layer 3 is formed onlthis concavo-convex surface.

The second opitical 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. In order to impart the flexibility to the

optical f£ilm 1, the second optical layer 5 is 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 i1s a smooth surface, and the

other surface ig a concavo-convex surface (a second surface).

The concavo-convex surface of the first optical layer 4 and

the concavo-convex sgurface of the gsecond optical layer 5

have the relationship in which the concavo-convex gshapes are



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 concavoconvex shape of this incident surface 51 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 51 is preferably gentler than the concavo-convex
shape of gée\rgrrsé ogti%al I%é%rﬁ.cg%ﬁ%%nd Modified Example] Fig. 15B is a cross-sectional view
showing a $ECORd modifie éxample according to the first embodiment of the present invention. As
shown in Fig. 158 cinayheptical fila-Jeacconding de this segand madifieghexanpler tiesposition of the
vertex of each convex portion of a concavo-convex surface of a first optical layer 4 on which a
wavelengtl-séteotisd reffectivextayerl>is fofimed is meditecthavealbéigheapproximately equivalent
to the height of an incident surface 51 of the first optical layer 4. <2. Second Embodiment> Figs. 16A

to 19E ardife\wEeath BRBRHRY 81 eXampIEBEHe stribiird 8RER 6ptica R aceordifg fo a second
embodiment of the present invention, In the second embodiment,.elements correspanding to those in
the first e o%&?r%eﬁ%g%n eﬁgﬁét%é%yqlﬁg%xam%g %gfe%;%rc%%}mef%ﬂfs &2 %mo%(ieelh tﬁceg}i%s% embodiment.

In the secangd.embodiment, strugtutess4c aie; two-dimaensienallyarrangsdin opeprimageLsirface of a

first optical layer 4, and this is a point different from that of the first embodiment. As shown in Figs.
16A and 16Beforexampie, ane pihary Surface oftthedirstapticaklayer 41§s fommeflisosthat columnar
structures (pillar shaped structures) 4c are arranged to orthogonally intersect each other. In particular,

first strucRPES 48 arfshgRd if Mt GRsctRinaIRFsECorRFstictie’ Ae&PRNg&P&3écond direction

perpendic%]lar to the first dire]lctioa la])::% arran ef so as to %G%Qg{,late esaggkgtrtl_’%r a:tgrq‘:% side surfaces

thereof. F ?%‘%msplg,rtﬁe%% miarstructure 4¢ i€h E8ivex porﬁgn of a concave portion having a

columnar shapg. such.as &.Prism shaperdHe AN a-lopticular shape (Higat2R)., cipaddition, for

example, structures 4c each having a spherical shape or a corner cube shape may be
two-dimegsionaly:aganged n ane prmasy suvade af tHesfirst-optical ldyebd idsscloseéstcpacked state
so as to form a close-packed array, such as a square close-packed array, a delta close-packed array,
or a hexagona| é[@sél’mc(k@@:a@@%( film 1, the pltCh P of the gtructures 4c

ig, for example, in a range of 5 pm to 5 mm, preferably in a
range of 30 um to 5 mm, more preferably in a range of 10 to
less than 250 pm, and even more preferably in a range of 20
to 200 um. When the pitch of the structures 4c is less than
5 pum, it is difficult to form a desired shape thereof, and
in addition, it is also generally difficult to cobtaln 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 also viewed, the transparency
tends to look not sc good. In addition, if the pitch of the

structures 4c is more than 5 mm, when the shape of the
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As shown in Figs. 17A to 17C, for example, the square close-packed array is formed by arranging
structures 4c each having a quadrangular 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. 19A and 193, the delta close-packed array is
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. 8 semi-elipsoidal shane, & rism shape. 3 freg form shape, &
polygonal shape, a conical shape, a %Iygona pyramlﬁ scﬁape, 4 truncated cone shape, a paraboloidal
surface shape.orithedikeofhe hotom: eithestichreAchas; forgxamplera cirular shape, an
elliptical shape, or a polygonal shape, such as a triangular shape, a quadrangular shape, a hexagonal
shape, orlanrgetagohal shapei 14 pitchy/PlantdespitclaR2 aidshe stractuie 4c are peaferadoty
appropriately selected in accordance with desired optical properties. In addition, when the primary axis
of the strétfifel 4 KtinEinedivitk Te§Hect 36 T Adrmidi GithbgoabtordiP Heidert Burfa8€ Bf an optical
film 1, it is preferable that the primary. axis of the structure 4c is inclined_in at least.one arrangement
direction 8fgth% Wo dinensidia %?r%%%e%n%eht 0 {hea'é:é&&ﬁf'e%%c‘? ﬁerif‘ ﬁ?e gﬁ%c%]ffif?ntal is adhered
on a windoyymaterial arranged ina direction appraximately pespendicuaptatheground, it is
preferable that the primary axis of the structure 4c is inclined to a lower side of the window material
(ground side):with tespect.to theraimal.incWherdhe struetlile- 46 has alcorner cube shape, if a
ridgeline R is large, the primary axis is preferably inclined skyward, and in order to suppress downward
reflectionMeHESTHAAHEAES iPBRISHDI\CREBliINS frfblofolfd SRigtShcebéing dpfigGsly incident on a
film, sunli‘%gt is not likely to reach the back of the %t)ructure, and hence, the shape thereof at an incident

light side TSPHGHEM RS BXRAER R BFY ridgaling pBitionis farge, the amdiitof fatroreflection light
s decrease, Anc hence, bydaeining s primas.es shywerd NsrglicaoRERon AN be suppressed.

In addition; in the corner’cube body, when reflection is performed three times at a reflection surface,
‘the retrorgfiestiontcaimbe realizedr boweavearilight partialiv bk in audifection otherthaw that of the
retroreflection when reflection is performed twice. By inclining the corner cube to the ground side, a
large parttdfghireakade kgiensintbd Fetiarassidaard CAb @ésciibede ahble 9h accordance with the
shape and/or the purpose, the primary axis may be inclined in any direction. <3. Tlhlird Embodiment> In

a third enfBOUTENETGRL Kating S apedific <75/ and hence, a roll-to-ro

manufacturing process is suitably performed rather than a
batch manufacturing process. |

In addition, the shape of the structure 4c¢ formed in
the gurface 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 periodically repeated. In addition, depending
on desgired properties, the structures 4c¢ having at least two

types of shapes may be randomly formed (aperiodically).
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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 indow ' tical fjl lj either an indoor
side or an outde%r%?de.g\%h%ﬁ t \go%ﬁgaﬁﬁr%]%? fgsé;?ﬁ%?eﬁg '!['ﬁ% ]gtgtlc%}){o%%%?a igtﬁt scattering
material sgaftesing.light havipg a-wavelepgin-ether thandbe specifisavavelengthis peaferably provided
only between the wavelength-selective reflective layer 3 and the support member, such as a window
material. TagereasoiTer thistis chatmekert thealight sgattegngmaterial s qrasattesbetween the
wavelength-selective reflective layer 3 and an incident surface, directional reflection properties are

lost. In adRAESH, WhEFFRIGRTEal FintRSs QURERId hE T d o Si A8 The HiBRTSCRTihg material is
preferably provided between the.wavelength-selective reflective r.3an mission surface
opposite %Ogﬁ]%né’lfﬁ%s%ln Surf ac‘:%.rec%—‘lléj. 'OA%JIE{1 gr?)s}gfasle%ﬁo#a%\éﬁgv% S %V\?la%%a first structural
example of the qRticalfilm. 1 afgggrq\iggéqg}%@i{dmggqﬂwt pbthe-preseat inyeations As shown in
Fig. 20A, the first optical layer 4 contains a resin and fine particles 11. The fine particles 11 have a
different efractve insexdrarhdnet of sheresinwhicicis aspraparycdonmpenerit of theifiess optical layer 4.
As the fine particles 11, for example, at least one type of organic particles and inorganic particles may

be used. In addR®nERBIGHIRE FRFiIEBS nfyFAISSs ekt ad e MegadiEles T ES the fine

particles 11, fo examé)led inor agicg%a}_rg%eg %UCQ a%%imlxirgla ora mina5 r organigap%rticles, such as a
polystyreR&a gcﬁ}ﬁ ?&s?ﬂ}e rac polymer}fhé}eo’r?j may be éntone , an silica fine particles are

particulary preferable;. ., 19, 2031182 Gos$;seetional view sheuing,a seeond-iisctyral example of
the optical film 1 according to the third embodiment of the present invention. As shown in Fig. 20B,
the opticat fitm 1sfarther nehidesa lightdiipsios tayen 12rorFthe.sukfacecof the fiestaptiedl layer 4. The
light diffusion layer 12 contains, for example, a resin and fine particles. As the fine particles, the same
particles gb#rssetdescsipéd abbveidyFbeased. therigepie 8 dxFosdiadGiomaf vieRrFSifowing a

third structural example of the optg:al film 1 according to the thirdfx%ﬂmbcldimegt of the present invention.

As showRinTgP 20! the bptical Him T fiFthe? Mciides & igRTaasS

on fayer 12
usion Tayer 12 between the
wavelengih-gelective reflectiye layerdand e firshoptcal layer 4. Jheighbdifusiondayey:12 contains,
for example, & resin and fine particles. Asthe fine particles, the same patrticles as those described
above maybeusedt arc shape, an elliptical arc shape or an almost
elliptical arc shape, or a parabclic shape or an almost
parabolic ghape. Therefore, a cylindrical shape is also
categorized in the-lenticular shape. 1In 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. 3A to 5C and the reversed shapes thereof, and

a toroidal shape, a hyperbolic columnar shape, an elliptical
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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 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 Wcag/ﬂ%rl}gg}: bgpl%l_ isepartiallgieflecteq bx Ct)lie I%Btical %{g 1é FO;Q eéamptlﬁf e\a"e/ah—efot@rﬁ optical film 1
is used outdoors orina vgry’diraty oor%,gﬁéjhat IS scat ere%lby {79t attached fo fhe surface of the optical

film 1, ang@gggtim rgflectiondoroperies therepfwill bejost;-hences the.surdace-gfthe optical film |
preferably maintains optically transparency at any time. Therefore, it is preferable that the surface is
excellentpfot examipée ¢n waterhre pedentiordarosiike propeytids=aric autoinaticaliy exhibits a
cleaning effect. According to this embodiment, since the self-cleaning effect layer is formed on the

incident SRPFAEE DReHe SPGERS filnt 1S fortdka e RvaEsRapelfditBe hydrdphfie frBperties can be

imparted tqQ tglecincidgnh%uriascef Tl_tlrgr%foge, %&sio& ofrsggins Sqgatlhe Iikeartlo tlhgcigcl:ide t surface is
suppressg& A &5gradation it directionar réffection p?operﬁes can be suppressedr.l xamples]

Hereinaftgr, althoyah the peesep] invesfigp il be partiquiarly; describegowiih refgrencedo the

examples, the present invention is not limited only to these examples. (Example 1)
When applied to the window material 10, the structure 4c
preferably has a flat surface or a curved surface having an
inclined angle of 45° or more in 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 iz formed is that since the incident light is almost
returned skyward by one reflection, even i1f the reflectance
of the wavelength-selective reflective layer 3 is not so
high, the incident light can be efficiently reflected in a
skyward direction, and light absorption in the wavelength-
selective reflective layer 2 can be reduced.

In addition, as shown in Fig. 64, the structure 4c¢ may
have an asymmetric shape with respect to the normal 1; to
the incident surface 81 or the emission surface S2 of the
optical film 1. In this case, a primary axis 1y of the
structure 4c is inclined in an arrangement direction a of
the gtructure 4c¢ with respect to the normal 1,. Here, the

primary axis 1, of the structure 4c¢ indicates a strailght

line passing through a central point of the base of a cross-



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 Toyobo Co., Ltd.) having a thickness of 75 'Am 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-sglectiv% pr\é:éive layer having,a film éhi% ness srtgjcturghsgowr%i_n T%??Ie 1 was formed by

a sputteriﬁacmé‘t%%d on the susrféce%%"%/ﬁ?g ﬁfé t%%ngu ar py%mlgjghapejs:?grmed the mold roll. A

protectiveck@ge%%@ﬁarin%qmﬁ agdirect cyrreptpulss spyiering, msthad vsinga GAZO oxide target
containing Ga203/Al203/Zn0=0.57/0.31/99.12 at% (on an atomic percent basis), which was folted by

doping Zr@ withyea283pnd-AlA63 sand e0%eoidrraigon gas ahe sputieridg gas. Almetal layer was
formed by a direct current sputtering method using an alloy target containing Ag/Nd/Cu=99.0/0.4/0.6
at% and 100%i¢¥ anf&rgoh Rasis B pYtaiid gas. AThigh feffaciive thidex kgert#as formed by a

direct current puls uttering. method using a Nb205 ceramic target and a mixed gas atmosphere
containinﬁ%ﬁ%ﬁ%eﬁ&s %%Lﬁlgéygté)n gas han aﬁ%o%%taggﬁ on%vﬁtﬁ]rgé%ec?ﬁ ﬁgéeamount of the
argon gas, a3 &3puitering gas. The fransmissign image clarities imeasured using, aptical 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-thedatat oAcentdinglys adasgeted optinakfdm,was abtaired. drgdditiancas fordthe
transmission image clarity, the transparency obtained in each of the following other examples was

equivalentée thaa btaifed I EXample Y1IB@MFEERIt 1AnspiEHE MFRE5eDkinédth a manner
similar to that in Example 1 except that the film thickness structur}g@‘ the éA/aveLen%th-selective
Gpfica

reflective ifer Wasformad as¥hotiin Fabid i (Example 3 2 | tifm Wis BBtRhed in a
manner sifiardo thet inFxamnriad except haldbe [ia higknsss stiudue ihe aayelengih-selective

reflective layer was formed as shown in Table 1. (Example 4)
these high angles as described above can be efficiently
reflected upward. An asymmetrical prism shape of the
structure 4c with respect to the normal 1; is shown by way
of example in Figs. 6A and 6B. In addition, the structure
4c¢ having a shape other than a prism shape may alsc have an
agymmetrical 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
ags a primary component in which a decrease in storage
modulus at 100°C isg small and in which the stcorage modulus
at 25°C is not considerably different from that at 100°C. In
particular, a resin having a storage modulus of 3x10° Pa or

less at 25°C 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. 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 1. 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 thicknessgstru%#rre %f Otgr% Wc?v%e%g-sg céiv% {)gg%qtivgﬂ%yefi\ar/%%foig ) gcaasisﬁ%%p Table 1. In

addition,]fhree i%ﬁare ctive index layer was formed by a direct current pulse sputtering'method using a

metal target,ef.Ta ard aqRixgd gas-almosphers,prfaling-as #AEoN Jas and@Ntasgenigas in an
amount of 18% with respect to the amount of the argon gas as a sputtering gas. (Example 7) An

optical filmewas sbtainecin d amsnersamiatdo thatEnuiExaniplie doedtceptdtht the film thickness

structure of the wavelength-selective reflective layer was formed as shown in Table 1.
When a resin is used asg a primary component in which a

decreage in storage modulus at 100°C is small and the
storage modulus at 25°C and that at 100°C 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 concave-convex surface (the first
surface} of the first optical layer 4, a designed interface
ghape 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 sgignificantly different from each
other, a designed interface shape is considerably deformed,
and for example, the optical film 1 may be curled in scme
cases.

As the proceés 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 ig formed or a resin composition is cured, the
temperature of a film forming surface is locally increased
and ig indirectly applied to the thin film or the resin

composition and a process in which the temperature of a mold
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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 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 u%g}g a zZno tariget agg&OO% of an argon gas as a s tering gas.
[

(Comparajlﬁqve:L %gr%%ﬁee% A%nc?p]{%%l [ was ojb?z;;lﬁcejg i & manner siifar to that in Example 1

except _th%ﬁj%@ifggl thickness,structire of the wayglepgi-selgetive-ieflegtive.layer was formed as
shown in Table 1. (Comparative Example 4) An optical film was obtained in a manner similar to
obtained by limiting the numerical value range of the
storage modulus described above is not particularly limited
to a specific tvpe of resin and can be cbtained from any
type of a thermoplastic resin, a thermosetting resin, and an
energy ray curable resin.

The storage modulus of the first optical layer 4 can be
confirmed, for example, ag described below. When the
surface of the first optical layer 4 is exposed, the storage
modulus of its exposed surface can be confirmed by
meagurement using a microhardness tester. Iﬁ addition, when
the first base memwber 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 laver 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
thermogetting resin and an enexgy 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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“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 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.
(Comparative 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 fotnied 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, an oxidatigr;L Cc))rf1 (terge meﬁal I?(,errof ea%l loft %8@%@5@%{@5 Qagain%%%%é%rpfles and

=N e Mmer: W [<] 1
Compararﬂvg xampeies Wete evaluated as described bélow. (Crack Evalliation First, the

wavelength-selective seflegtive lagerion the-cancayoioonwex shape yasahsenrdiabg magnification of
500 times using an optical microscope (MX61L, manufactured by Olympus Corp.), and the generation
of crack antkpegling-alang I ridgeline (hereirafterireterreFlorassaatipspectivrrstaddad ridgeline")
between adjacent two triangular pyramid shapes was confirmed. When it was difficult to judge the
generatioPrudifig aRRfticaF nficrescope. Wid RRveRFIgth-séletfve feffRiveRE2FON the
concavo-gonvex shaggjwas bservgd ta n%%%nrifica#ion of 500 times ugin an an; lytical electron

microscopé (SEMEDSKE 0 FECFEDAR, mantifacturad by Bhilips). Subsequently, in a manner

similar to tha.of the above casg using.an oplical microscaPgRethegenesatiamotridgalinesrack and
peeling was again confirmed. Some of these observation results are shown in Fig. 23A (Example 1),

Fig. 233 (Coinpanative Sxamplads, kige28A{CompanativeaExamples2)cand Hig. 258 xample 2).
Next, when the length of the inspection standard ridgeline was represented by Ri, and the length of a
portion atwhieh tAé FilEBn@8fitk skl FEaRERTAS §BReTatsd §ohgIhe hspectdrdtiflard ridgeline
was represented by Rc, y obtained by the following formula (2) was regarded as the ratio of the
ridgeline &ratR & %Ispléreeff%gl?ﬁﬁa?ﬁet 8fieration state of the ridgeline crack and peeling was judged in

accordance withihe,follawing; Giiteria, The sesulls fie showndn Jable 3. YURRE/RIXL00... (2) A

Ridgeline crack and peeling is less than 10 percent of the inspection standard ridgeline.
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, if 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 modulug at the highest
temperature in the manufacturing process is large, it
becomes difficult te 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
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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. (Evaluation of
Spectral Properties) First, the transmittance and the reflectance at a measurement wavelength
region of 300 to 2,600 nm were measured using a spectrophotometer (SolidSpec-3700D1JV,
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 following 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 meagt?rjélﬁntenjf;\s/va%lgrér?orrm%ﬁda &si%& %nglﬁl%%?ast?ngtggﬁeﬁgék% Reflectance is 35 percent or more.
B: Reflecianeerds 304 ess than-3n persent & Reflectance is lessdhar d0meucants atlowever, when
it was estimated that the decrease in reflectance was not caused by the degradation of the metal layer
due to cratks, thgjtlegradatiopstateof ¢hel metaldayerwds evalvater ysmgandAES apparatus (Auger

Electron Spectroscopy) (FE-AES 2111-7100, manufactured by ULVAC, Inc.). The results are shown in
Fig. 33 (Baviple 7)On the other hand, if a resin 1s used in which the

melting 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, a designed ideal
interface shape may be difficult fo 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 also 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 layer 4 and
the second optical layer 5 preferably contains a resin
naving a storage modulus of 3x10° Pa or less at 25°C. The
reason for thig is that since the flexibility can be
imparted to the optical film 1 at a room temperature of 25°C,
the optical f£ilm 1 can be manufactured by a rcll-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 ordexr to impart flexibility
to the optical film 1, the base member is not particularly
limited to this shape. Asg 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 polyl{ethylene
terephthalate} (PET), a polyimide (PI), a polyvamide (PA), an
aramid, a polyethylene (PE}, a polyacrylate, a
polyethersulfone, a polysulfone, a polypropylene (PP}, a
diacetyl cellulose, a poly(vinyl chloriae), an acryl resin
(PMMA) , a polvecarbonate (PC), an epoxy regin, a urea resin,
a urethane regin, 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 tc 100 um; however, the
thickness is not limited thereto. The first base member 4a
and the second base member 5a each preferably have energy
ray transparency. The reason for this isg that as describe
below, an energy ray curable resin provided between the
wavelength-selective reflective layer 3 and the first base

member 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 5a 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 layer 5 can be obtained, for
exampie, by curing a resin composition. As the resin
composition, in view of the ease ¢f manufacture, an energy
ray curable resin ﬁo 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
pbe cured by ultraviclet 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
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 monomer
containing phosphoric acid as a functional group or an
oligomer thereof may be pfeferably used. Asg the compound
containing succinic acid, for example, a (meth)acrylate

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

The ultraviclet curabie 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. Ag this monomer and/or the oligomer
thereof, for example, a urethane (meth)acrylate, an epoxy
{meth)acrylate, a polyester (meth)acrylate, a polyocl
{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
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derivative, an acetophencne derivative, and an anthraguinone
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 i1s less than 0.1 pexcent 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 ig small, an cdor tends
to remain in a coating film. In this case, the =clid
content indicates ali 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 reguest for the
refractive index is satisfied, any type of resin, for
example, a heat curable resin or an ionizing radiation
curable resin such as a vinyl resin or an epoxy resin, oOxr &
thermoplastic resin such as polycarbonate or acrylate may be
used.

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

included as a curing agent. In addition, in consideration
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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 ﬁay also be added.

The resin composition preferably further contains a
cross-linking agent. As thié éross—iinking 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 storage 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
glycel diacrylate, tricyclodecane dimethanol diacrylate,
tricyclodecane dimethanol dimethacrylate, ethylene oxide-
modified isocyanuric acid diacrylate, ethylene oxide-
modified isccyanuric acilid triacrylate, or caprolactcone-
modified tris(acryloxyethyl) isccyanurate.

The first base member 4a or the second base member 5a
preferably has a lower water vapor transmission rate than

that of the first optical layer 4 or the second cptical
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layer 5. For example, when the first optical layer 4 is
formed from an energy ray curable resin, such as a urethane
acrylate, the first base member 4a is preferably formed, for
examplie, of a polyf{ethylene te?ephthalate) {PET) having
energy ray transmission properties and a lower water vapor
transmissién rate than that of the first optical layer 4.
Accordingly, diffusion of meisture from the incident surface
81 or the emission surface S2 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 imprcoved. In
addition, the water vapor transmission rate of a PET having
a thickness of 75 um is approximately 10 g/m2 /day (40°C,
90% RH}.

It ig 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 esterj,
and that the content thereof 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 is 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.

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-gelective reflective layer 3 preferably has a
layer containing zinc oxide or a niockium 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-gelective 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 optical layer 4 and the second optical layer 5
preferably has properties of absorbing light having a
gpecific 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 resgistance is preferably used. In particular, for
example, there may be mentioned inorganic pigmentsg, such as
zircon gray (Co, Ni-doped ZrSi0O;), prasecdymium yellow (Pr-
doped ZrS$SiO;}, chromium titanium yellow (Cr, Sb-doped TiO,; or
Cr, W-doped TiO;), chrome green (such as Cr,0;), peacock blue
({CoZn)O(AICr),03), Victoria green (Al, Cr),0s;}, dark blue
(Co0-Al;03-8105}, banadium zirconium blue (V-doped ZrSiQ,) .,
chrome tin pink (Cr-doped Cal-Sn0C;-810;), manganese pink (Mn-
doped Al1,0;), and salmon pink (Fe-doped ZrSiO.); and organic
pigments, such as an azo pigment and a phthalocyanine
pigment.

(Wavelength-Selective Reflective Layer)

The wavelength-selective reflective layer 3 is
preferably a wavelength-selective reflective layer which
selectively directionally reflects 1light in a specific
waveiength 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. 72, 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-gelective 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 is a cross-sectional view showing another
structural example of the wavelength-selective reflective
layer 2. As shown in Fig. 7B, the wavelength-selective
:efl@ctive layer 3 may further include another high
refractive index layer 31 between the concavce-convex surface
of the first optical layer 4 and the metal layer 32. When
the high refractive index layer 31 ig further included as
described above, reflection of vigible 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. In
this cage, the refractive index is at a wavelength of 550 nm.
The high refractive index layer 31 is a layer containing,
for exam?le, a metal oxide as a primary component. As the
metal oxide, in order to reduce a stress of the layer and to
suppress the generation of cracks, a metal oxide other than
zinc oxide is preferably used. In particular, at least one
selected from the group consisting of niobium oxide (such as
nioblum 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 prefefably 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,
vigible light tends to be easily reflected. On the other
hand, when the thickness ig more than 120 nm, a decrease in
transmittance and the generation of cracks are liable to
occur.

As the metal layer 32, for example, a metal material
having a high reflectance in the infrared region may be used.
2As the metal material described above, for example, an
elemental substance, sguch as 2u, Ag, Cu, AL, Ni, Cr, Ti, P4,
Co, Si, Ta, W, Mo, or Ge, or an alloy containing at least
two of the elemental substances menticned above is contailned

as a primary component. In addition, in consideration of
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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. 1In
addition, when an alloy ig used as a material for the metal
layer 32, the metal layer 32 preferably contains as a
primary component AlCu, ALTi, AlCr, AlCo, AINACu, AlMgSi,
AgPdCu, AgPdTi, AgCuTi, AgPdCa, AgPdMg, AgPdFe, AgNdCu, AgBi,
Ag, $iB, 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. In
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 € 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, gince the
metal of the metal layver 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 20 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 of a metal oxide containing at least an
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oxide of Zn is used. Ag the ZnO-based oxide, for example,
at least one selected from the group consisting of zinc
oxide (ZnO), gallium (Ga) and aluminum (Al)-doped zinc oxide
(GAZO), aluminum (Al)-doped zinc oxide (AZO), 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 a range of 4 to 20 nm, and even more
preferably in a range of 5 to 15 nm. When the thicknegs is
1ess$than 3 nm, the metal layer 32 tends to degrade in the
step‘of forming the high refractive index layer 31. On the
other hand, when the thickness is more than 30 nm, cracks
are liable to be generated. This layer may alsc 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 m@thod or the like, the film gquality
and the smoothness are improved.

(Function of Optical Film)

Figs. 8A and 8B are cross-sgectional 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.
Ag shown in Fig. 8A, although some of near-infrared light I,
of sunlight incident on this optical f£ilm 1 is directionally

reflected skyward in a direction approximately eguivalent to
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the incident direction, visible light L, transmits the
optical film 1.

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
gseparated intc a component I, reflected skyward and a
component Ly not reflected skyward at a ratio in accordance
with the incident angle. In addition, after being
gspecularly reflected at the interface between the second
optical layer 5 and air, the component Lp not reflected
skyward is finally reflected in a direction different from
the incident direction.

When the incident angle of light is represented by a,
the refractive index of the first optical layer 4 is
represented by n, and the reflectance of the wavelength-
selective reflective layer 3 is represented by R, the ratioc
of the compcnent L, reflected skyward to all the incident
components is represented by the following formula (1).

x =(sin{45-a'}+cos (45~a')/tan{45+0'))/{sin{45-a') +cos{45-
a') ) xR2 oo (D)

Tn the above formula, o'=sin*{sinoa/n) holds.

If the ratio of the component Lz not reflected skyward
increases, the ratio of the incident light reflected skyward
will decrease. In order to increase the ratio of the

gskyward 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 bui&ding window
material and the like can be increased. Since one
reflection of the incident light by the wavelength-selective
reflective layer 3 isg enocugh as shown in Fig. 92 and Fig. 98,
the two shapes shown in Figs. 5C and 6A can increase a final
reflection component as compared to that by the shape as
shown in each of Figs. 82 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 relaticnship of a ridgeline
1; of 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 (8, ¢), the optical film 1 selectively
direétionally reflects the light Iy in a specific wavelength
band in a direction (8o, -¢) (0°<Bo<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 reilgcted skyward. In this case, O
indicates an angle formed between the normal 1, to the
incident surface 81 and the incident light L or the
reflected light L.. In addition, ¢ indicates an angle formed
between the straight line 1, which perpendicularly
intersects the ridgeline 1, of the columnar structure 4c in
the incident surface S1 and a component of the incident
light L. or the reflected light L, which is projected on the
incident surface 81. In addition, an angle 0 rotated
clockwise around the normal 1. is represented by "+6%, and an
angle 0 rotated anticlockwise is represented by "-0". An
angle ¢ rotated clockwise around the straight line 1; is
represented by "+6", and an angle ¢ rotated anticlockwise is
represented by "-¢."
[Manufacturing Apparatus of Optical Film]

Fig. 11 is a schematic view showing one structural
example of a manufacturing apparatus for manufacturing an

optical f£ilm according to the first embodiment of the
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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 irradiation 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 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. 1In 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
ghown 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 octher
primary surface thereof. The guide roll 43 is arranged at a
trénsport path of this manufacturing apparatus so as to
transport the belt-shaped optical £ilm 1. Materials for the
laminate rolls 41 and 42 and the guide roll 43 are not
particularily limited, and in accordance with desired roll
properties, for example, a metal, such as stainless steel, a
rubber, or a 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,
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in congideration of the physical properties and the like of

a resin composition 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, vigible rays, or gamma rays.
In this example, the case in which a UV lamp which radiates
ultraviolet rays is used as the irradiation device 46 is
showrn.

iMethod for Manufacturing Optical Film]

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

First, ag shown in Fig. 1224, a mold 21 having the game
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. 12B, 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 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, asg 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-
gshaped 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 resistance
can be imparted to the resin without considerably changing
the storage modulus at room temperature.

Next, ag shown in Fig. 1324, 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 Depogition) 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 oxide, such as niobium pentoxide, is provided.
Next, the target is sputtered while a process gas is
introduced into the wvacuum chamber, so that the high
refractive index layer 31 is formed on one 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 of a metal material having a high
reflectance in the infrared region is provided. Next, whiie
a process gas is introduced into the vacuum chamber, the
target is sputtered, so 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 ig transported into a wvacuum
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 intrcduced into the vacuum
chamber, so that the protective layer 33 is formed on the

metal layer 32. As described above, since the target



- EMMPLE2 EMMPLE3 EXAMPLE4 EXAMPLES EXAMPLE6 EXAMPLE7 EXAMPLES
COMPARATIVE EXAMPLE1

primarily composed of a Zn-based oxide is sputtered using an
inert gas, such as Ar, degradation of the metal layer 32
ugsed as an underlayer can be guppressed.

Next, the first optical layer 4 provided with the
protective layer 33 on one primafy surface 1s transported
into a vacuum chamber in which a target primarily composed
of a metal oxide, such as niobium pentoxide, ig 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 the protective layer
33. Accordingly, the targeted wavelength-selective
reflective layer 3 is formed.

Next, if necessary, the metal layer 32, the protective
layer 33, and the high refractive index lavyer 31 may be
repeatedly laminated at least twice. 1In thig 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. 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 isg applied

on the wavelength-selective reflective layer 3. As the
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regin 22, for example, an energy ray curable resin or a
thermosetting resin may be used. As the energy ray curable
regin, an ultraviolet curable resin is preferable. Next, as
shown in Fig. 14A, a laminate is formed by placing the
second base member 5a on the regin 22. Next, as shown in
Fig. 14B, while the reéin 22 is cured, for example, with
irradiation of energy rays 320 or heat application 320, a
pressure 330 is applied to the laminate. As the energy rays,
for example, electron rays, ultraviolet rays, visible rays,
gamma rays, or electron rays may be used, and in view of
production facilities, ultraviolet rays are preferable. Aan
accumulated irradiation amount is preferably selected in
congideration of curing properties of the resin, suppression
of yellowing of the resin and the base members, and the like.
- The pressure applied to the laminate is preferably in a

range ©f 0.01 toc 1 MPa. When the pressure is less than 0.01
MPa, traveliling performance of a £ilm 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, so that the
optical £ilm 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. First, the second base member 5a is fed from a
base member supply rcll (not shown), and this second base
member 5a thus fed is allowed to pass under the coating
device 45. Next, an ilonizing ray curable resin 44 is
applied by the coating device 45 on the second base member
5z 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 layer,
and the optical layer 2 provided with a reflective layer is
laminated on the second base member 5a. Next, while the
second base member 5a on which the optical layer 9 provided
with a reilective layer is laminated is transported along a
peripheral surface of the laminate roll 41, the ionizing ray
curable resin 44 is cured by irradiation of ionizing rays
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 layer are adhered
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to each other with the ioconizing ray curable resin 44
interposed therebetween, so that the targeted long optical’
film 1 is formed. Next, the belt-shaped optical f£ilm 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 {(£-20)°C. 1In this case, the process temperature ¢
indicates, for example, a heating temperature of the
laminate rocll 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 storage modulus at (t-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 presgsure
applicaticn.

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

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 consideration of the heat resistances of resing 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 is used, the process
temperature t may be set to 200°C or more.

As described above, according to the optical f£ilm 1 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 sequenﬁially 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
suppressed. In addition, when the protective layer 33 is
formed by a sputtering method using a target primarily
composed cof a metal oxide, degradation of the metal layer 32
used as an underlayer can be suppressed.
<Modified Examples>

Hereinafter, modified examples of the above embodiment
will be described.

[First Modified Example]

Fig. 15A is a cross-secticonal view showing a first
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modified example according to the first embodiment of the
present invention. As shown in Fig: 154, an optical film 1
according to thisg first modified example has an incident
surface S1 having a concavo-convex shape. The concavo-
convex shape of this incident surface 81 and a concavo-
convex shape of a first optical layer 4 are formed, for
example, so that both the concave-convex shapes may
corregspond to each other, and the position of the vertex of
each convex portion and the position of the bottom of each
concave porﬁion 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 Modified Example]

Fig. 15B is a cross-sectional 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 modified 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 tc have a
height approximately equivalent to the height of an incident
surface S1 of the first coptical layer 4.
<2. Second Embodiments

Figs. 16A to 19B are views each showing an example of
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the structure of an optical fiim according to a second
embodiment of the present invention. 1In the second
embodiment, elements corresponding to those in the first
embodiment are designated by the same reference numerals.as
those in the firgt embodiment. In ths second embodiment,
structures 4c are two-dimensionally 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 (pilliar 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
S0 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. 12B).

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 ag to form a
close-packed array, such as a square close-packed array, a

delta close-packed array, or a hexagonal close-packed array.



LLZP Z17 EtOZ StLZ 91

As shown in Figs. 17A to 17C, for example, the square close-
packed array is formed.by arranging structures 4c each
having a quadrangular bottom surface (such as a square
shape) in a gquare close-packed state. For example, as
shown: in Figs. 184 to 18C, the hexagonal close-packed array
ig formed by arranging structures 4c each having a hexagonal
bottom surface in a hexagonal close-~packed state. For
example, as shown in Figs. 19%A and 19B, the delta close-
packed array is 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 pertien or a concave
porticn of a corner cube shape, a hemispherical shape, a
semi-ellipscidal shape, a prism shape, a free-form shape, a
polygonal 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 example, 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. 1In
addition, when the primary axis of the structure 4c is
inclined with resgpect to the normal orthogcnal to an

incident surface of an optical £ilm 1, it is preferable that
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the primary axis of the structure 4c is inclined in at least
one arrangement direction of the two-dimensional arrangement
of the structures 4c. When the optical film 1 is adhered on
a window material arranged in a direction approximately
perpendicular to the ground, it is preferable that the
primary éxié 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, 1f a
ridgeline R is large, the primary axis is preferably
inclined skyward, and in order to suppress downward
reflection, the primary axis i1s preferably inclined to the
ground side. Since being obkliguely 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 retroreflection light ig decreased, and hence,
by inclining the primary axis skyward, this phencmenon 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
partiallylleak in a direction other than that of the
retroreflection when reflection ils 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 Embodiments

In a thiﬁd embodiment, light having a specific
wavelength is directicnally 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 f£ilm 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 therecof. When being adhered to a support member,
such as a 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 material. The reason

for this is that when the light scattering material is



17971799 COY 00

present between the wavelength-selective reflective layer 3
and an incident surface, directional reflection properties
are lost. 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
adhesgion surface.

Fig. 20A is a crossvsectioﬁal view showing a first
structural example of the optical film 1 according to the
third embodimeng of the present invention. As 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. BAs the fine
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 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 menticned, and silica fine particles are
particularly preferable.

Fig. 20B i1s a cross-sectional view showing a second
structural example of the optical film I 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 layex 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 f£ilm 1 further includes a light diffusion
layex 12 between the wavelength-selective reflective layer 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 £ilm I 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
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gself-cleaning effect layer contains, for example, a
photocatalyst. As the photocatalyst, for example, Ti0, 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 cutdoors or in a very dirty
room, light is scattered by dust attached toc the surface of
the optical film 1, and directional reflection properties
thereof will be lost; hence, the surface of the optical £ilm
1 preferably maintains optically transparency at any time.
Therefore, 1t 1s 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 laver is formed on the incident surface of the
optical £ilm 1, for example, water-repellent or hydrophilic
propertieg can be imparted to the incident surface.
Therefore, adhesicn 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
pregsent invention is not limited only to these examples.

(Example 1)
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First, a mold roll made from Ni-P having fine
triéngular 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)
wag applied on a PET film {(RA4300, manufactured by Toyobo Co.,
Ltd.) having a thickness of 75 um 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 regin layer (hereinafter, referred ag a shaped resgin
layer) having triangular pyramid shapes was formed on the
PET film. Next, a wavelength-selective reflective layer
having a film thickness gtructure shown in Table 1 was
formed by a sputtering method on the surface having the
triangular pyramid shapes formed by the mold roll. 2
protective layer was formed by a direct current pulse
sputtering method using a GAZO oxide target containing
Ga,03/A1,0;/Zn0=0.57/0.31/99.12 at% (on an atomic percent
basig), which was formed by doping Zn0 with &a,0:; and Al,O0;,
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 2Ag/Nd/Cu=9%9.0/0.4/0.6 at% and 100%
of an argon 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,Os; 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 ¢.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. In addition, as for the
transmission image clarity, the transparency obtained in
each of the fecllowing other examples was eguivalent 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
gshown in Table 1.

(Example 3}

An optical film was obtained in a manner similar to
that in Example 1 except that the f£ilm thickness structure
of the wavelength-selective reflective layer was formed as
ghown 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 layer was formed as
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shown in Table 1. In additicon, in order to form the metal
layer, an alloy target containing Ag/Bi=99.0/1.0 at% was
used.

(Example 5)

2n optical film was obtained in a manner similar to
that in Example 1 except that the f£ilm thicknesgs structure
of the wavelength-selective reflective layer was formed as
shown in Table 1. 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 &)

An optical film was obtained in a manner similar to
that in Example 1 except that the f£ilm 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 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 waé formed as
shown in Table 1.

(Comparative Example 1)

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 similaxr 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
uging a ZnO target and 100% of an argon gas as a sputtering
gas.

{Comparative Example 3)

An optical f£ilm 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 cobtained in a manner similar to
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that in Example 1 except that the film thickness structure
of the wavelength-gelective reflective layer was formed as
shown in Table i. 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.
{(Comparative example 5)

An optical film was obtained in a manner similar tco
that in Example 1 except that the film thickness structure
of the wavelength-selective reflective layer was ermed as
shown iﬁ 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 microscepe (MX61lL, 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 i1t 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 cof 500 times using an anaiytical
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 (Comparative Example 1), Fig. 25A (Comparative
Example 2), and Fig. 25B (Example 2).
| Next, when the length of the ingpection standard
ridgeline was represented by Ri, and the length of a portion
at which the ridgeline crack and peeling wag generated along
the inspection standard ridgeline was represented by Rc, v
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.
v{%) =Rc/Ri x 100 L. {2)
A: Ridgeline crack and peeling is less than 10 percent of
the inspection standard ridgeline.
B: Ridgeline crack and peeling is 10 tc legg than 30 percent
cf the inspection standard ridgeline.
C: Ridgeline crack and peeling is 30 percent or more of the
inspection standard ridgeline.

(Evaluation 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 following 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 i1g 35 percent or more.
B: Reflectance is 30 to less than 35 percent.
C: Reflectance 1is lesgs than 30 percent.

However, when it wasg estimated that the decrease in
reflectance was not caused by the degradation of the metal
layer due teo 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 EXAMPLE2 001V 176 LZ

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 concavo-
convex surface were measured as described below. That is,
after a wavelength-selective reflective layer was formed on
a smocth 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) technigque, 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 line of a triangle forming 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 pyramid as

shown in Fig. 22. In this case, an nl direction and the n2



617 Ot P--V 9-V 8-V 030Z OZVO

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. 232 and 23B, and Figs. 24A and 248,
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 Nb.O; or the like is used
for the high refractive index layer, cracks were not
fregquently generated. Accordingly, a material such as Nb.0:
is preferably used for the high refractive index laver
instead of only using a ZnO-based material.

From Table 1, Figs. 25A and 25B, Figs. 26A and 26B, and
Figs. 27A and 27B, 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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protective layer is formed to have a small thickness, the
metal layer is degraded when the high refractive index layer
is formed by reactive sputtering. By this influence, the
spectral properties are degraded. Although the protective
layer is formed to have a large thickness in Example 2,
there is no difference in spectral properties from the basic
structural product of Example 1. No cracks are generated in
this structure asg that in Example 1. From this result, it
iz found that the protective layer is indispensable, and the
thickness thereof on the concavo-convex shape is preferably
in a range of 3 to 30 nm. Since the thickness of the
protective layer at the vertex of the convex portion is
approximately twice the thickness at the base, in order to
obtain sufficient barrier properties even at the base, the
protective layer preferably has a thickness of 3 nm or more.

From Table 1, Figs. 282 and 28B, and Figs. 29%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 igs 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 therecf is
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increaged 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 metal, such as Ta, for the protective layer, a ZnO-
based metal oxide, such as Zn0O, GAZO, AZO, or GZ0, having a
thickness in a range of 3 to 30 nm is preferably used for
the protective f£ilm,

From Table 1 and Figs. 30A and 30B, the following can
be found.

In Example 3, since the thickness of AgNACu used as the
metal layer 1s 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'S, since the propertieg 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.



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 foLming 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 (FIE) technique, and the thickness
of each film of the sample was measured using a transmission electron microscope (TEM), so that the
average thickne;s Wa%obtairieéj (%asetck%n the m@raaslyred valuesﬁ In addition, it was confirmed that the

average thickness Thus Fieakured Coincidedwith an avggacb%etﬁlckﬁgsgﬁme%gured at a middle point

of an obligue fine of 2 tHanglefarmingia tiangular pyiamidefdhe shapedfesinlaysr ipan n2 direction
(see Fig. 22). The reason the position on the triangular pyramid at which the measured average

thicknesswtointides withdbe averagethickhelss t2 fsrepecifies] isrbatavhery the, awerdgetkickness of the
wavelength-selective reflective layer formed on the triangular pyramid of the shaped resin layer is
measuredahezboieavefage tidkhess chahgesaeperding ohdredsitdhYon the triangle forming the
triangular pyramid Ts shown in Fig..22. In this cas%(; an g%direetion and the n2 direction indicate the

|

following %Eéffc}r?s ShGHiTTh Bfg. 22 "R Wi diréion indithidila HireRidn peipefalbufdt o the inclined

surface of g prisgLehane of he-RETflm - Lhe §2 dirgetion indicales gditecliogdergendicular to the
primary surface of the PET film (thickness direction of the PET film).  From Table 1, Figs. 23A and

233, and &igss 244 arxd243, 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 Te@ihclinéd suffacE b8 the BrRhigaRE pyAdmidaBe tRisdnfldehcel Bife degradation of the
metal layer is_ promoted, and the reflex function was degraded. On the other hand, when Nb20O5 or the
like is usetPfot e Rgh@frakfive &K 1ayer, cracks were not frequently generated. Accordingly, a

material such a%ﬁ'bé’;@aﬁné%lpéefﬁra@%@%ﬂif%ﬁ@s@gBfef&%tivﬂ dexlaygr insiead of only using a
ZnO-based material. rom Table 1, Figs. 25A and 253, Figs. 26A and 26B, and Figs. 27A and 278,

the followingiean befeundnd WrGemparative paraplet?, sincene prefeetivinlayesisdaovided, the
metal layer is degraded when the high refractive index layer is formed by reactive sputtering. By this
influence Sthespetrabpropeitids@esdeyraded Inceiitioes in ComprealiveBEXahpiassince the

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
thig phenomenon can be easily estimated also by a simulatiomn,
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 showing
analytical results of Example 7 by auger electron

spectroscopy (the data of C which appears is omitted for the
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protective layer is formed to have a small thickness, the metal layer is degraded when the high
refractive index layer is formed by reactive sputtering. By this influence, the spectral properties are
degraded. Although the protective layer is foinied to have a large thickness in Example 2, there is no
difference in spectral properties from the basic structural product of Example 1. No cracks are
generated in this structure as that in Example 1. From this result, it is found that the protective layer is
indispensable, and the thickness thereof on the concavo-convex shape is preferably in a range of 3 to
30 nm. Since the thickness of the protective layer at the vertex of the convex portion is approximately
twice the éhiﬁlérré%sis atctheob,ﬁas%éin %rdgrgl o, g?tain i%ffigﬁa&tv gar{ier pr%%pergigs even at the base, the
protective %yer pré:TIelra@ny as & thickness of 3 nmor more. Fro Table’lﬁ:igs. 28A and 28B, and
Figs. 29Agsand-28B.the-follawing-canbe found. anqg Ik omparative-Example 4Ta isqsed:for the
protective layer, and the thickness thereof is decreased to 2 nm. As a result, barrier properties on the
concavo-earvexeshape:dreshsufficieat rarichthelmetal layer dedegrddad vehen thethghaotfractive index
layer is formed by reactive sputtering. By this influence, the spectral properties are degraded. In
Comparafité Exaftple 51 Fabs tSed #r tH@HroeehiveRifér B8k Corfparatife ExEHte 25and the
thickness thereof is .increased to 10 nm. As a result, due to the influence of oxygen deficiency
imegulariy st S g Th Rk L B hetlid SR (E o ConERErat dodfaded by the
absorptiopg n,thegiructyres deserbed abeve, grasks.arepartially generated ata fow level. As aresult,
in the metal layer on the concavo-convex shape, instead of using a metal, such as Ta, for the
protectivellyesdnZnbnbased-netaloxide, saghas Znd, GAZO; IAQ, drGEQahavikgsg thickness in a
range of 3 to 30 nm is preferably used for the protective film. From Table 1 and Figs. 30A and 30B,
the followiig catrbebang. ©f 1§ Exafié 3r sireathé THckividof mgNRdCaiked 2 the fnetal layer
is increased, althou%h the trarlsmittance IS gecreased, he %Eftel%[io%oft%{acks and the degradation of

the metaﬁgﬂ?elpd%) g 3&8(1?, and the feflectance 7§ Safisfac ory. %%rdingﬁl, the thickness of the metal

layer is preferably. setin arangeof 6030, Nt Eremskaple 4 thefollawing:can Be found.  From
Examples 4 and 5, since the properties between AgNdCu, AgPdCu, and AgBi, which are used for the

metal layer; a¢¢ ok different from eadh otler, #fesehadg miays meyshaused: nofrom Table 1 and Figs.
31A and 31B, the following can be found.

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 combination.

Heretofore, although the embodiments of the present
invention have been particularly described, the present
invention ig not limited to the above embodiments, and
various modifications may be made without 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
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From 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. Accordingly, a material, such as titanium oxide, having properties similar to those of niobium
pentoxide and tantalum pentoxide may also be used. = From Table 1, Figs. 32A and 32B, and Fig.
33, the following can be found.  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 t%%¥alue of adieflecﬁe}encgsat ,200 nm which is used for the degradation judgment of the

=1 ma =1 . . . . .
metal layeris decredsed. Since this phénomenon can be easily estimated also by a simulation, and no

cracks are generateglsiis estimateckthat the-degrease of thevalue of adgflecianee at 1,200 nmis not
dependent on the degradation of the metal layer caused by the generation of cracks. The degradation

of the metad yayer was=donifirmeshitsing ahoAE & apparatud £bE AR S & HixA00; samgactited by
ULVAC, Inc.). Fig. 33 is a graph showing analytical results of Example 7 by auger electron
spectroscopy fiHe &A@ wHCIERBPEA!s is omitted for the convenience of measurement). As

shown in Fig. 33, a decrease in intensity of Ag and an increase in oxygen, which are observed when
the metal Iayeri%snde%%éa&& Care blortlh%n%%oﬁdé’*’g)r"\f/%d.e nﬁ)gf%l ,mﬁ}v%g ’co%ﬁ iFr%g&%E)at%?s same result as

that in Example 1wa3 obtainggbapd that,the decragseof the Yggﬁqu@dreé@cg%csﬁéﬂ@%(io nm was
not caused by the degradation of the metal layer. In addition, in"Example 8, the thickness of the high
refractivedndex layet agddhatafithepaoieetas layet are fecreased cAltheughibertransmittance is

slightly decreased, the generation of cracks and the degradation of the metal layer are not observed,
and the réffEganiceeid datisteYoryL ABESTHINGly, &Rghaefacife ideRTdyc?havihg@thickness of 10

to 120 nm and a protective layer havir; a thickness of 3 to 30 nm can be used in combination.

Heretofore  BtSiyh-the dthBodiiaRts of ti Srednt TREnASh AAVEBESf partcttdy dSscribed, the
present inventjgn is,potlimijed tq the.ahaye.embpdimentsand yariaus modifications may be made

without departing from the technical scope of the present invention.  For example, the structures,

methods ishappsl materiais ritperical yaties, apd the like descrihasdnthe abgue-embodiments are
only used by way of example, and if necessary, for example, different structures, methods, shapes,
materials Fard atipferital valbes fronathdse deseribeded a window film, a display

film, a projector screen, an optical filter, or a solar
battery.

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 isg applicable also to a
concave-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
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above may also be used. In addition, the structures of the above embodiments may be used in
-combination without departing from the spirit of the present invention. In addition, in the above
embodiments, although the case in which 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 film 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 battery. In
addition, in the above.embodiments, although the numerical yalue.range aof the pitch of the
concavs. SO A bR Cng ot SE R L aSEgor e r&ffection
properties,fy way ehaxamele, the-numeriealyalyexanasaf the piteh eftheconaayo-convex interface
is not limited to that of this example. For example, the present invention is applicable also to a
concavo-camexshapevkaning:a pitch inasrange ci@appiexdmately severabpiicrorieters transferred by
a so-called nanoimprint to approximately several tens of micrometers. In addition, in the above
embodim&h&NaRRSUGIRHe DpticRIAEMeREAPReIBM e fitifas been described by way of

example, besid tl"i above optical element, the present jnvention m Iso be applied to other optical
elements having:s“altrpeé\jl‘atf.\ré‘hc}arpee’ariLci1 th!:e [ eé%ovﬁur?ﬁlégf}rﬁiolr%,@fﬁttﬁe a%@écé“ln?g‘ocﬁﬁeents, although the

case in whichthe.opfical-element fdiractionalreflection element). aceprdingde gach:embodiment of the

present invention is applied to a window material or the like has been described by way of example,
the opticat réement) accordingtagach emmhddimentdfi therpreséntinventiossisrapplicable to all
applications for buildings, vehicles, and the like as an exterior member and an interior member. For
example, 1H& Préserit ilvertiBR &g bEapplivd Bl bIRaC g FoRéuainthethedike. A8ghe blind or the

roll curtalgéo ththCh an %E)g%a;l?element |S€pé3hed, or ex le, there s%ﬁe mentioned a blind or a roll

curtain formed o Secgf)' ICAT efemERTitselt, 5F a Bhind ‘or & foll Rl $8¥5tned of a transparent

base mats@%Ueam@Jgh the optieal slemantis.adhsred-nihep the hlind g the rpll curtain as described

above is installed indoors, in the vicinity of a window, for example, only infrared light can be
directionallyreflected ®outdoers angpsinie ighteantbe intioruged drdoorshithareforeaalso when the
blind or the roll curtain is installed, the degree of necessity for indoor illumination is reduced. In
addition, §iRge hbke as an exterior member and an interior member.
For example, the present invention may be applied to a
blind, 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 oy & roll curtain
formed of the optical element itself, or a blind or a roll
curtain which is formed of a transparent base material to
which the optical element is adhered. When the blind or the
roll curtain as described above is installed indoors, in the
vicinity of a window, for example, only infrared light can
be directionaily reflected outdoors, and visible light can
be introduced indoors. Therefore, also when the blind or

the roll curtain is installed, the degree of necessity for

indecor illumination ig reduced. In addition, since no
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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 simultaneously shielded, and hence interior illumination may be necessary. In addition, the
Optical elemept ageordipg an empogiment.ofite present invention May aisp peapplied {0 a paper
shielding door, such'as aﬁapanese ghOjI. Fur ermore; thé opﬁcal element according 1 an
embodimgnt of{heduesentinweptionpay beadhered Lo aywall ) s Although.pot showg in the figure, a
glass laminate may also be formed in which the optical element is provided between two pieces of
glass facifig=eachmther |n tiscasteanieptica layer i provided/bewie ehneeachrigce of glass and the
optical element, and by performing thermocompression bonding or the like, the optical layer may

function d<edr &ahds&ite I&yet O%b tHeR ¥h&BBBWS-§lass TaiiHake Ean beefdricad Astth&loptical layer
described ahqve, for example olyvinyl butyral (FVB) may be used. This optical layer also
preferably ?1%% ads%%ﬁ%ﬁﬁggbar‘g\%?ﬁir%%%%#onuﬁ’co %‘l%ceerati&r? of he®CREETh MR the glass laminate

is brokenc When.this.glass laminate is,used 5.2 yehigle, windaug, hieat rays.can be reflected by the

optical element; hence, a rapid increase in temperature’in a vehicle can be prevented. This glass
laminate eaydhedwitely wsed, fohexampte] faralkthe tanspodatonseasures, stiche@s \ehicles,
electrical trains, airplanes, and boats and ships, and vehicles and the like in theme parks, and the two
pieces of ffdsstindy bhidiitvédth acastdancawih the SpplichioniBéndf Inikisusde, the optical

element preferably has flexibility to follow the curve of glass, and even when being curved, the optical
element g‘r%?g?gbl %a?@%c% ndiefiedfon Bropaties 5ﬁéﬁﬁﬁgﬁﬁ%i&%%¥)e%s%@a certain extent.

Since the,glass lampingtecshas,to.be apsparentio gcerain exteqt as.a whple, fhe {%ggacﬂve index of a
nt

material (such as a resin) used for the optical layer and that™of @ resin contained in the optical element

are prefetatieequalda of simiaritoeachthes Iraddition: nsieadef using:the epticablayer, a resin
contained in the optical element may also be used as an adhesive layer. In this case, for example, in a
thermocohiffessida bohdihg-step perfoymel f6rl ddisosionca hesinds praferabdrused which can
maintain its shape as much as possible. The two base members facing each other are not limited to
glass, and TorBXaEPApTECE: [Ba%t Bfe BEfRS548e" members may be a resin film, a sheet, or a plate. For

example, an en%qegggg@iacﬁjiifc qr,arel Qgcgglplgit'éqn&qghapé%&%ﬁi%weight and has flexibility,

may also be used. In addition, the use of the glass laminate is not limited to a vehicle application.
embodiment of the present invention may also be applied to a

paper shielding door, such as a Japanese sghoji. Furthermore,
the opticél element according to an embodiment of the
present inventicn may be adhered to a wall.

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
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In addition, in the above embodiments, although the structure in which the second optical layer is
formed so as to fill a concavo-convex surface and in which the wavelength selection layer is covered
with the second optical layer has been described, the structure in which the second optical layer is
omitted, and the wavelength-selective reflective layer is exposed may also be formed. The present
application contains subject matter related to that disclosed in Japanese Priority Patent Application JP
2010-019127 filed in the Japan Patent Office 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-combinations and alterationg m occurf;je ending on design
requiremegncfgma%évothégrsfa%%&?s hsorar: afs éha Sare Within %heeécﬁ%l) Sfthe %Seﬁﬁ%ﬁ%iaﬁms or the
equivalengs hereaf; Laims; L -An optical elementcomprising: a-first opfical layerhaying a
concavo-convex surface;  a wavelength-selective reflective layer provided on the concavo-convex
surface okthedirstrefiticad lalyeriand a acsacondopficaldayenprovideth en-thiesgoncavo-convex surface

on which the wavelength-selective reflective layer is provided so as to fill the concavo-convex surface,
wherein tR&WalefrRjl-88lcefive heflcrtive layeriidigdeshe 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 vehicld can be
prevented. This glass laminate may be widely used, for
example, for all the transportation 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. 1In this case, the optical element preferably has
flexibility to follow the curve of glass, and even when
being curved, the optical element preferably hasg directional
reflection properties and transmission properties to =a
certain extent. Since the glass laminate has to be
transparent to a certain extent as a whole, the refractive
index of a material {(such as a resin) used for the optical
layer ahd that of a resin contained in the optical element
are preferably equal to or gimilar to each other. In
addition, instead of using the optical laver, a resin
contained in the optical element may also be used as an
adhesive layer. 1In this case, for example, in a

thermocompression bonding step performed for adhesion, a



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 transmitting light other than that in the specific wavelength band, = wherein the high refractive
index layer contains at least one selected from the group consisting of niobium oxide, tantalum oxide,
and titanium oxide. 2. The optical element according to Claim 1, wherein, of light incident on an

incident surface at an_incident le (O, O.(where, 0 is an angle formed between a normal to the
ég#? ed ' which can 9 tal
ncufen on'the inGigent'Surface’ér r%ﬁgct%]aari%%t 8hhitted from the

L T in 18 .o A
incident strface and iRcident Iig
incident syrfage «and,4ds;ap angle farmed petween aspacificstraightline within the incident surface
and a component of the incident light or the reflected light projected on'the incident surface), the
optical elementiseledtively difectionally seflecintigfidn aespeaificewawelengtdhanshia adirection other
than a specular reflection direction (8, 4+180) while transmitting light other than that in the specific
wavelengfiiBaRd afdHRRRRFaiisparbRcptaheilight biver tharsieg in tirrspedfiewavelength band.
3. The optical elemeniaccordin to Claim 1 or 2, wherein the protective layer contains as a primary

componehtfa nidtalBXide af feastesREMiIAG SNk 'Gide " °F £ Fife Ohtiat e Rt Hctording to
Claim 3, whesein,the protertive layerfoptains At i6ast ane matal.gxide select goaﬂ*g group

consisting of zinc oxide (Zn0), Ga and Al-doped zinc oxide (GAZO), Al-doped ziric oxide (AZO), and
Ga-dopedbzingoxile (GAOxddition, the use of the glass laminate is not
limited to a vehicle application.

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

The present application contains subject matter related
to that disclosed in Japanese Priority Patent Application JP
2010-019127 filed in the Japan Patent Office 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 varicus medifications, combinations, sub-combinations
and alterations may occur depending on design regquirements

and other factors insofar as they are within the scope of

the appended claims or the equivalents thereof.



5. The optical element according to any one of Claims 1 to 4, wherein the metal layer contains at least
one selected from the group consisting of Au, Ag, Cu, Al, Ni, Cr, Ti, Pd, Co, Si, Ta, W, Mo, and Ge.

6. The optical element according to any one of Claims 1 to 5, wherein the protective layer has a
thickness in a range of 3 to 30 nm. 7. The optical element according to any one of Claims 1 to 6,
wherein the high refractive index layer has a thickness in a range of 10 to 120 nm. S. The optical
element according to any one of Claims 1 to 7, wherein the metal layer has a thickness in a range of 6
to 30 nm. 9. The optical element according to any one of Claims 1 to 8, wherein the concavo-convex
surface of tgfaﬁrst optical layer is formed of one-dimensionally or two-dimensionally arranged
structures. G The optical element according to Claim 9, wherein the structures each have a

prism shape, a lenticular %ﬁlﬁl_@c lheé@iéﬁgg@cqgﬁl@pgsg%gomer cube shape. 11. The optical
element according to any one of Claims 1 to 10, wherein the wavelength-selective reflective layer

includes at leastawpirepeating unig laninatedoveach ethesnbe vepesnsingasnitseaticeontaining the
metal layer, the protective layer, and the high refractive index layer.

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 £ill the concavo-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 transmitting light other than that in the sgpecific
wavelength bandg,

wherein the high refractive index layer contains at

least one sgselected from the group consgisting of niobium

oxide, tantalum oxide, and titanium oxide.
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12. The optical element according to any one of Claims 1 to 11, 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. 13. The optical element according to Claim 12,
wherein the another high refractive index layer contains at least one selected from the group
consisting of niobium oxide, tantalum oxide, and titanium oxide. 14. A method for manufacturing
an optical element comprising the steps of: 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-gqnv%%urfacgi%% Whi etljag n\%a\é%%%%@%?? _eqic\)/ed’ﬁtﬁﬁgi@ Ia%%re@ &((irrtl‘ne% go asto fill the

concavo-convex sur%?:e, wherein the step of ing a wavelength-selective reflective layer
includes thegubstens: efe farming arinetat layeht sursianing apiotactivedaper £ogtaining a metal

oxide as a primary component on the metal layer; and forming a high refractive index layer
containingd &, meietal oxiderethed than zimcaoxide as axpraviatystorsonent mbithe protective layer, and
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 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 (-
9, ¢+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 tc Claim 1 or 2,
wherein the protective layer contains as a primary component

a metal oxide at least containing zinc oxide.
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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, wherein the high
refractive index layer contains at least one selected from the group consisting of niobium oxide,
tantalum oxide, and titanium oxide. 15. The method for manufacturing an optical element
according to Claim 14, 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.
16. The method for manufacturing an optical element according to Claim 14 or 15, wherein in the

substep of forming a protective.layer, the protective layer.is forme%? a sputtering method using only
an inert gas as f‘proc‘%eﬁgg g%%t.: é?hf e%?%%/ll?ﬁﬁx% ri\ﬂEifﬂO %B]h é;I’AIWﬁ%%\%Jﬁ\JRING THE
SAME ARSTRACT:QE(EHE DISRLOSURE: i nAnapticabelemant inclydes: gfirgtoptical layer having
a concavo-convex surface; a wavelength-selective reflective layer provided on the concavo-convex

surface ot thie=firstdpticaltaydizagecand opticdl dayergprov¥idedron the toacdze:opnvedasurface on ,
which the wavelength-selective reflective layer is provided so as to fill the concavoconvex surface, and

in the optiaflefehéinirscAbag apovacthéGhdidlendth-sErm@neFémsctRldfer ifébdes a metal
layer, a prot ctive_lﬁlger |%rovided on tigie m é%I layer and containing a metal oxide as a primary
compone%f} nd 4 A refractive ?ﬁﬁexﬁafe 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 wayatengfithaad. element according to any one of Claims

1 to 4, wherein the metal layer contains at least one
selected from the group consisting of Au, Ag, Cu, Al, Ni,

Cr, Ti, P4, Co, 81, Ta, W, Mo, and Ge.

6. The optical element according to any one of Claims
1 to 5, wherein the protective layer has a thickness in a

range of 3 to 30 nm.

7. The optical element according to any one of Claims
1 to 6, wherein the high refractive index layer has a

thickness in a range of 10 to 120 nm.
8. The optical element according toc any one of Claims
1 te 7, wherein the metal layer has a thickness in a range

of 6 toc 30 nm.

9. The optical element according to any one of Claimg 1 to

8, wherein the concave-convex surface of the first

i1c0



Fig. 1A

optical layer i1s formed of one-dimensionally or two-

dimensionally arranged structures.

10. The optical element according to Claim 9, wherein
the structures each have a prism shape, a lenticular shape,

a hemispherical shape, or a corner cube shape.

11. The optical element according fo any one of Claims
1 to 10, wherein the wavelength-selective reflective 1ayer
includes at least two repeating units laminated to each
other, the repeating units each containing the metal lavyer,

the protective layer, and the high refractive index layer.

12. The optical element according to any one of Claims
1 te 11, further comprising ancother high refractive index
layer between the concavo-convex surface of the first
optical layer and the metal layer of the wavelength-

selective reflective layer.

13. The optical element according to Claim 12, wherein
the another high refractive index layer contains at least
one selected from the group consisting of niobium oxide,

tantalum oxide, and titanium oxide.
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14. A method for manufacturing an optical element
comprising the steps of:
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
igs formed so as to f£ill the concavo-convex suriace,
wherein the step of fofming a wavelength-selective
reflective layer includes the substeps of:
forming a metal layer;
forming a protective layer containing a metal
oxide ag a primary component on the metal layer; and
forming a high refractive index layer containing é
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,
wherein the high'refractive index layer contains at
least one selected from the group consisting of niobium

oxide, tantalum oxide, and titanium oxide.

15. The method for manufacturing an optical element

according to Claim 14, wherein in the substep cf forming a
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protective layexr, the protective layer is formed by a
gputtering method using a target containing the metal oxide

as a primary component.

16. The method for manufacturing an optical element
according to Claim 14 or 15, wherein in the substep of
forming a protective layer, the protective layer is formed
by a sputtering method using only an inert gas as a process

gas.
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OPTICAL ELEMENT AND METHOD FOR MANUFACTURING THE SAME

ABSTRACT OF THE DISCLOSURE

An optical element includes: a first optical laver
having a concavo-convex surface; a wavelength-selective
reflective layer provided on the concavo-convex surface of
the first optical layer; a second optical layer provided on
the concavo-convex surface on which the wavelength-selective
reflective layer is provided so as to f£ill the concavo-
convex surface, and in the optical element described above,
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
gselectively directionally reflects light in a specific
wavelength band while transmitting light other than that in

the specific wavelength band.

Fig. 1A
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