OPTICAL BODY, WALL MEMBER, FITTING, AND SOLAR SHADING DEVICE
BACKGROUND The present technology relates to an optical body, a wall member, a.
fitting, and a solar shading device. More particularly, the present technology relates to an
optical body for diffusely reflecting incident light.  From the viewpoint of reducing an air
conditioning load, there is marketed a window film for solar shading. A film for reflecting the
sunlight is also marketed as one example of the solar shading technique. To produce such a
film, various techniques are already disclosed which employ, as a reflecting layer, an optical

multilayer filhﬁa metal-containin%vfilm, a tran§£ %nt e}g%r %%%%u%%\%%?gg, E&I(gﬁe, e.g., the
attype ot r

pamphlet Sf Intefhational PUblication No. 05/0 . owever, t ype of reflecting layer
is formed on a flat window glass, and the incident sunlight is just specularly (regularly)

reflected. Therefore, the light incoming from the sky and specularly reflected by the flat window
glass reacties 6tHér Buildings and the ground in the nearby outdoor where the light is absorbed

and converted te:he St thus faising the ambient temperature. Accerdingly: @, logal temperature
rise occurs in the surroundings of a building in which all windows are coated with the above-

mentioned'f/pe BEFEREcting fdyer: This Hives rise o the proBlensSthat® in ukbar areas, a heat
island phenorpenan s accelerated.and grass does,ngt grow in aregs iragiated.with the
reflected light. SUMMARY ’

ody for diffusely reflecting incident light.

From the viewpoint of reducing an alr conditioning load,
there is marketed a window film for solar shading. A film
for reflecting the sunlight is also marketed as cne example
of the solar shading technigque. To produce such a film,
various technicues are already disclosed which empioy, as a
reflecting layer, an optical multilayer film, a metal-
containing film, & transparent electroconductive film, etc.
{see, e.g., the pamphlet of International Publication No.
05/087680;} .

However, that type of reflecting layer is formed on a
flat window ¢glass, and the incident sunlight is just
specularly (regularly) reflected. Therefore, the light
incoming from the sky and specularly reflected by the flat
window giass reaches other bulldings and the ground in the
nearby outdoor where the light 1s absorbed and converted to
hedt, thus raising the ambient temperature. Accordingiy, a
local temperature rise occurs in the surroundings of a

building in which all windows are coated wlth the above-



It is desirable to provide an optical body, an optical body manufacturing method, a window
member, a fitting, and a solar shading device, which can suppress acceleration of the
heat-island phenomenon.  With the view of solving the above-mentioned problems in the
related art, the inventors have conducted intensive studies on an optical body capable of
directionally reflecting the sunlight in direction other than the direction in which the incident
light is specularly reflected. As a result, the inventors have succeeded in providing an optical
body that includes a first optical layer having a concave-convex surface in which structures are
arrayed at a regular pitch, a reflecting layer formed on the concave-convex surface, and a
second optiearl igysrforiied 6h thelrefieeting layer fo embéd theé'concaviecohveke surface.
However, when viewing.an electric Jamp at a.far distance in the, night through the
above-mentioned optical body, a diffraction pattern appears. As a result of intensively
conductingstudiesawith intehtdoasuppress thetogecurrence ofssuch adiffiactioh pattern, the
inventors Q%\ée lt%l{mg ébgcti tllel occurrence of the diffraction pattern can be suppressed by
forming thé concave-convex slittace of the first optical layer in a random shape.
Embodiments of the present technology have been accomplished based on the
above-described finding.  According to one embodiment of the present technology, there is
provided a%%ﬁﬁ@gll body including a first optical layer having a random concave-convex

surface, a reflecting;layet formed.on the concaveseonyex syrface; and.a sgeond eptical layer
formed on the reflecting layer to embed the concave-convex surface, wherein the reflecting

layer is a Waveletigthiselective Tefletling layer oy diffuseRp feflecting, Biingideritdight, light in a

fﬁ;‘g{ﬁ (‘)"{J@g\%@'gpgéﬁﬁ’}% apgd fragsmitting, light other than the specific wayelgpath, band

heat-island phenomenon.

With the view of sclving the above-mentioned problems
in the related art, the inventors have conducted intensive
studies on an optical body capable of directionally
reflecting the sunlight in direction other than the
direction in which the incident light 1s specularly
reflected. As a result, the inventors have succeeded In
providing an optical body that includes a first optical
layer having a concave-convex surface in which structures

-aré arrayed at a regular pitch, a reflecting layer formed on
the concave-convex surface, and a second optical layer
formed on the reflecting layer to embed the concave-convex
surface.

However, when viewing an electric lamp at a far
distance in the night through the above-menticned optical

body, a diffraction pattern appears. As a result of



According to another embodiment of the present technology, there is provided an optical body
including a first optical layer having a random concave-convex surface, a reflecting layer
formed on the concave-convex surface, and a second optical layer formed on the reflecting
layer to embed the concave-convex surface, wherein the reflecting layer is a semi-transmissive
layer for diffusely reflecting part of incident light and transmitting the remaining light
therethrough. According to still another embodiment of the present technology, there is
provided an optical body manufacturing method including the steps of forming a first optical
layer having a random concave-convex surface, forming a reflecting layer on the
concave-coRVEX sliffateCand foriiag B eeé6hd bitical Tayeron tha Feflettifigiayer to embed

the concaye-conuex surface, wherein-the reflecting layeris a wavelgpgih-selective reflecting
layer for diffusely reflecting light in a specific wavelength band and transmitting light other than

the specifitowaveténgththand theretrought  theAcddrding t6 Stillkanother emboliiment of the

present technolagy, there is provided an optical hody manufaciing methadincluding the
steps of fornjﬁﬁg A first oﬁ/tica layer having a random concave-convex surface, forming a
reflecting layeson the concavesconvex sustacey arid:farming a second optical layer on the

reflecting layer to embed the concave-convex surface, V\ﬁherein the r,eflegting layer is a
semi-transmissiva18§eF foY difftisely Fefle&tivg bart of INeiderit iGht aRd fransmitting the
remaining Jight.therethsaughsWith the:embpdiments of the present tachnology, as described

above, since the wavelength-selective reflecting layer or the semi-transmissive layer is formed
Ontherandon]According Lo one emboediment of the present technology,

there is provided an optical body including a first optical
laver having & random concave-convex surface, a reflecting
layer formed on the concave-convex surface, and a second
optical layer formed on the reflecting layer to embed the
concave—convex surface, wherein the reflecting layer is a
wavelength-selective reflecting layer for diffusely
reflecting, of incident light, l1ight in a specific
wavelength band and transmitting light other than the
specific wavelength band therethrough.

Acoording to another embodiment of the present
technology, there is provided an optical body including a
first optical layer having a randoem concave-—-convex surface,
a reflecting layer formed on thes cencave-convex surface, and
a second optical layer formed on the reflecting laver to
embed the concave-convex surface, whereln the reflecting
layer is a semi-transmissive laver for diffusely refliecting

part of incident light and transmitting the remsining light



concave-convex surface of the first optical layer, the light in the specific wavelength band or
the part of the incident light can be diffusely reflected. Also, since the random concave-convex
surface is formed in the first optical layer and the. reflecting layer is formed on the random
concave-convex surface, the occurrence of a diffraction pattern can be suppressed. Further,
since the second optical layer is formed on the reflecting layer to embed the random '
concave-convex surface of the first optical layer, a transmission image through the optical
body can be clearly viewed. Thus, with the embodiments of the present technology,
acceleration of the heat-island phenomenon can be suppressed. Further, the occurrence of a
diffraction patterpheande suppressed. BRIEF DESCRIPTION OF THE DRAWINGS  Fig. IA

s a sectional view illystrating one example. of strugiure.of an oplica,film,accarding to a first

embodiment, and Fig. 1Bis a sectional view illustrating an example in which the optical film
according tethedirst embodimentisaffixeckto an agherend (elyartargétto-whicly the optical
film is to be affixed); _ Fig. 2 is an enlarged sectional view_to explain the foction of the

optical film' g%%?diﬁréct%u ienﬁrsftheemI?JJ"cn‘fa?mecr)f; Fff;r.@féga Lchematic %Telv(\:/ﬁﬁust?gﬁﬁg one
example ofaving a random concave-convex surface, forming a reflecting
layer on the concave-convex surface, and forming a second
optical layer on the reflecting layer to embed the concave-
convex surface, wherein-the reflecting layer is a
wavelength-selective reflecting layer for diffusely
reflecting light in a specific wavelength band and
transmitting light other than the specific wavelength band
therethrough.

According to still another embodiment of the present
technology, there is provided an coptical body manufacturing
methoed including the steps of fo;ming a first optical layer
having a random céncave—convex surface, forming a reflecting
layer on the concave-convex surface, and forming a second
optical layer on the reflecting layer to embed the concave-
convex surface, wherein the reflecting layer is a semi-
transmissive layer for diffusely reflecting part of incident
light and transmitting the remaining light therethrough.

With the embodiments of the present technology, &s
described above, since the wavelength-selective reflecting
layer or the semi-transmissive layer is formed on the random

concave-convex surface of the first optical layer, the light



construction of an apparatus for manufacturing the optical film-according to the first
embodiment;  Figs. 4A to 40 illustrate successive steps to explain one example of a method
of manufacturing the optical film according to the first embodiment;  Figs. 5A and 56 are
illustrations to explain one example of a method of processing the master surface by sand
blasting;  Figs. 6A to 6E illustrate successive steps to explain one example of a. method of
processing the master surface by photolithography and etching;  Figs. 7A to 70 illustrate
successive steps to explain one example of a method of manufacturing the optical film
according to the first embodiment;  Figs. 8A to 8C illustrate successive steps to explain one
example ofithelThethed of ranufackrmg tiebptieal filifi &eording {3 the fifstEmbodiment;

Fig. 9A is g.sg%cgi%ré%l view.ilustrating qne example of structure,af.an.optical film according to a
second embodiment, and Fig. 96 is’an enlarged sectional view to explain the function of the
optical filnraccordingtorthe secondsembotbiiment; in the first optical layer

and the reflecting layer is formed on the random concave-

cConNvex surface, the occurrence of a diffraction pattern can

be suppressed. Furﬁher, since the second optical layer is

formed on the reflecting layer to embed the random concave-

convex surface of the first optical layer, a transmission

image through the optical body can be clearly viewed.

Thus, with the embodiments of the present technology,
acceleration of the heat-island phenomenon can be suppressed.

Further, the occurrence of a diffraction pattern can be

suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a sectiocnal view illlustrating one example of
structure of an optical film according to a first embodiment,
and Fig. 1B is a sectional view illustrating an example in
which the optical film according to the first embodiment is
affixed to an adherend {i.e., a target to which the optical
film is to be affixed};

Fig. 2 is an enlarged sectional view to explain the
function of the optical film according to the first
embodiment;

Fig. 3 is a schematic view illustrating one example oI



Figs. 10A to 10C are each a sectional view illustrating one example of structure of an optical
film according to a third embodiment; Fig. 11 is a. sectional view illustrating one example(
of structure of an optical film according to a fourth embodiment; Fig. 12 is a sectional view
illustrating one example of structure of an optical film according to a fifth embodiment; Fig.
13 is a perspective view illustrating one example of structure of a window blind (shade)
according to a sixth embodiment; Fig. 14A is a sectional view illustrating a first example of
structure of a slat, and Fig. 148 is a sectional

construction of an apparatus for manufacturing the optical
film according to the first embodiment;

Figs. 44 To 4C illustrate successive steps Lo explain
one example of a method of manufacturing the optical film
according to the first embodiment;

Figs. 5A and 5B are illustrations to explain cne
example of a method of processing the master surface by sand
blasting;

| Figs. 6A to 6E illustrate successive steps to explain
one example of a method of processing the master surface by
photolithography and etching;

Figs. 7A to 7C illustrate successive steps to explain
one example of a method of manufacturing the optical film
according te the first embodiment;

Figs. BA to 8C illustrate successive steps to explain
one example of the method of manufacturing the optical film
according to the first embodiment;

Fig. 94 is a sectional view illustrating one example of
structure of an optical film according to a second
embodiment, and Fig. 9B is an enlarged secticnal view o
explain the functidn of the optical film according to the
second embodiment;

Figs. 10A to 10C are each a sectional view illustrating
one example of structure of an optical film according to a

third embodiment;



view illustrating a second example of structure of the slat; Fig. 15A is a perspective view
illustrating one example of structure of a rolling screen device according to a seventh
embodiment, and Fig. 158 is a sectional view, taken along line XVB-XVB in Fig. 15A,
illustrating one example of structure of a screen; Fig. 16A is a perspective view illustrating
one example of structure of a fitting according to an eighth embodiment, and-Fig. 163 is a
sectional view illustrating one example of structure of an optical body; Figs. 17A and 178
are each a sectional profile illustrating the result of measuring surface roughness of a replica
master; Fig. 1BA is a graph illustrating spectral transmittance waveforms of optical films of
EXAMPLES 1, 3&nd 41ahd Figs 188 a graphrillistratingsspeciralivefleétdincé wilveforms of
the optical films.of EXAMPLES 1,3 and.4; . Fig, 19A]s a,0raph ilustrating spectral
transmittance waveforms of op%lcal films of EXAMPLES 8 and 9, and Fig. 198 is a graph
illustratingespectiakmeflectance waveforms of the optical films of EXAMPLES 8 and 9;

Fig. 12 is a sectional view illustrating one example of
structure of an optical f£ilm according to a fifth
enbodiment;

Fig. 13 is a perspective view illustrating one example

P

of structure of a window blind (shade) according to a sixth-
embodiment;

Fig. 142 is a sectional view illustrating a first
example of structure of a slat, and Fig. 14B is a sectional
view illustrating a second example of structure of the slat;

Fig. 15A is a perspective view illustrating one example
of structure of a rolling screen device according to a
seventh embodiment, and Fig. 158 is a sectional view, taken
along line XVB-XVB in Fig. 153, illustrating one exampie of
structure of a screen;

Fig. 16A is a perspective view illustrating cne example
of structure cof a fitting according to an eighth embodiment,
and Fig. 16B is a sectional view illustrating one example of
structure of an optical body;

Figs. 174 and 17B are sach a secticnal profile
illustrating the result of measuring surface roughness of &
replica master;

Fig. 182 is a graph 1llustrating spectral transmittance



Fig. 20A is a graph illustrating spectral transmittance waveforms of optical films of
COMPARATIVE EXAMPLES 1 and 2, and Fig. 20B is a graph illustrating spectral reflectance
waveforms of the optical films of COMPARATIVE EXAMPLES 1 and 2; Fig. 21 is an
illustration to explain devices used for measuring a distribution of reflection angle for each of
the optical films of EXAMPLES 1 to 9 and COMPARATIVE EXAMPLES 1 to 3; Fig. 22 is
an illustration to explain polar coordinate plotting; Fig. 23 illustrates a polar coordinate plot
for the optical film of EXAMPLE 1; Fig. 24 illustrates a polar coordinate plot for the optical
film of EXAMPLE 2; Fig. 25 illustrates a polar coordinate plot for the optical film of
EXAMPLE8YFigr26AdS argiaphillustiating the ¥ésult ot plottingend 4, and Fig.

188 is & graph illustrating spectral refiectance waveforms
oflthe optical films of EXAMPLES 1, 3 and 4:

Fig. 19A is a graph illustrating spectral transmittance
waveforms of optical films of EXAMPLES 8 and 8, and Fig. 19B
is a graph illustrating spectral reflectance waveforms cf
the optical films of EXAMPLES € and 9;

Fig. ZOA is a graph illustrating spectral transmittance
waveforms of optical f£ilms of COMPARATIVE EXAMPLES 1 and 2,
and Fig. 20B 1s a graph illustrating spectral reflectance
waveforms of the optical films of COMPARATIVE EXAMPLES 1 and
2;

Fig. 21 1s an illustration to explain devices used for
measuring a distribution of reflection angle for each of the
optical £ilms of EXAMPLES 1 to 9 and COMPARATIVE EXAMPLES 1
to 3;

Fig. 22 1is an illustration to explain polar coordinate
plotting;

Fig. 23 illustrates a polar coordinate plot for the
optical film of EXAMPLE 1;

Fig. 24 illustrates a polar coordinate plot for the
optical film of EXAMPLE 2;

Fig. 25 illustrates a polar coordinate plot for the
optical film of EXAMPLE 3;

Fig. Z6A is a graph illiustrating the result of plotting



reflection intensity in an azimuth including an axis of incident light and an axis of soecularly
reflected light in the optical film of EXAMPLE 1, and Fig. 26B is a graph illustrating the result of
plotting reflection intensity in an azimuth including an axis of incident light and an axis of
specularly reflected light in the optical film of EXAMPLE 2; and  Fig. 27 is a graph illustrating
the result of plotting reflection intensity in an azimuth including an axis of incident light and an
axis of specularly reflected light in e optical film of EXAMPLE 3. DETAILED DESCRIPTION. OF
EMBODIMENTS  Embodiments of the present technology will be described below in the
following order with reference to the drawings: 1. First embodiment (in which an optical film is

a wavelengti-seféctiie fifth Having diffuge refibBive poliien® 29 S8edhd 8midodiment (in which
an optical fitig & semifransmissive filmshaving diffuse reflectivepower) ; 3,:Third
embodiment (in which an optical film includes a light scatterer)
the optical film of EXAMPLE 1, and Fig. 26B is a graph
illustrating the result of pilotting reflection intensity in
an azimuth including an axis of incident light and an axis
of specularly reflected light in the optical film of EXAMPLE
2; and
Fig. 27 is a graph illustrating the result of plotting
reflection intensity in an azimuth including an axis of
incident light and an axls of specularly reflected light in

the optical Ifilm of EXAMPLE 3,

DETAILED DESCRIPTICN OF EMBCDIMENTS
Embodiments of the present technology will be described

below in the following order with reference te the drawings:
1. First embodiment {in which an optical film is a
wavelength-selective film having diffuse reflective power)

2. Second embodiment (in which an optical film is a semi-
transmissive film having diffuse reflective power)

3. Third embodiment {in which an optical film includes a
light scatterer)

4. Fourth embodiment (in which an optical film includes a
self-cleaning effective layer)

5. Fifth embodiment (in which a diffusely reflecting

surface is formed by using beads)



4. Fourth embodiment (in whidh an optical film includes a self-cleaning effective layer) 5.
Fifth embodiment (in which a diffusely reflecting surface is formed by using beads) 6. Sixth
embodiment (in which an optical film is applied to a window blind) 7. Seventh embodiment (in
which an optical film is applied to a rolling screen device) S. Eighth embodiment (in which an
optical film is applied to a fitting) <1. First Embodiment> [Structure of Optical Film]

6. Sixth embodiment (in which an optical film is applied
to a window blind)

7. Seventh embodiment {in which an optical film is applied
to a rolling screen device)

&. Elghth embodiment (in which an cptical £ilm 1s applied
to a fitting)
<1. First Embodiment>
[Structure of Optical Film]

Fig. 1A is a sectiocnal view illustrating one example of
structure of an optical film 1 according te a first
embodiment, and Fig. 1B is a sectional view illustrating an
example in which the optical film according to the first
embodiment is affixed to an adherend. The optical film I,
serving as an optical body, is a wavelength-selective
optical film having diffuse reflective power. The
wavelength-selective optical film having diffuse reflective
power diffusely reflects, of incident light, light in a
specific wavelength band, while transmitting light other
than the specific wavelength band therethrough. The optical
film 1 preferably has a belt-like shape. The optical film 1
having a belt-like shape can be easily ZIabricated with a
roll-to-roll process. Further, the belt-like optical film 1
can be easily handled by winding it into a roll.

As 1llustrated in Fig. 1A, the optical film 1 includes

an optical layer 2 having an interface formed therein in a



Fig. 1A is a sectional view illustrating one example of structure of an optical film 1 according to
a first embodiment, and Fig. 13 is a sectional view illustrating an example in which the optical
film according to the first embodiment is affixed to an adherend. The optical film 1, serving as
an optical body, is a wavelength-selective optical film having diffuse reflective power. The
wavelength-selective optical film having diffuse reflective power diffusely reflects, of incident
light, light in a specific wavelength band, while transmitting light other than the specific
wavelength band therethrough. The optical film | preferably has a. belt-like shape. The optical
film 1 having a belt-like shape can be easily fabricated with a ro\ll-to-rollcprocess. Further, the
belt-like opfCafinT 164N be8REMR7 hantiEd By NiRdikg itinte B roif == As fustrated in Fig.
1A, the optical film.L includes an epticaklayer2 having an-interface ferrgd:therein in a
random concave-convex shape, and a wavelength-selective reflecting layer 3 formed at the
interface inakeopticallager2: The opligarlayer Z ritdGdes afirst bpticat tayer4 Having a first
surface in 2 random concaye-convex shapeand.a secopd.optical layer. Shaving a second
surface in a random concave-convex shape. The interface in the optical layer 2 is formed by
the first archsesondsurdaces eech Ravipy theranidomPoricaveeonvexestiapé, which are
arranged to fage each other. Stated another way, the opfical fim 1 includes the first optical
layer 4 having a random Concave-convex surface, the wavelength-selective reflecting layer 3
formed onithe=randdm ceneaveiconvex surface ithedirshapticallayes 4 :@rid the second
optical layer 5 formed on the wavelength-selective r_eflectinghlager 3 so as to embed the
random cOHRCAVELcOVeX SUfACE GHVRTCH the Wavdlength-Seidctive reflecting layer 3 is
formed. The opfical film-1has an incident-surface bl onawhichHight; suehas the sunlight, is
incident, and an emergent surface S2 from which part of the light incident on the incident
surface Si'érnerges, e paitiavitig passed #ifdugh e optical fifti A THEDBPHERT film 1 is
suitably applied to inner. wall members, auter wallmembets, window memhers, wall materials,
and so on. Further, the optical film 1 is suitably applied to a slat (one example of a solar
shading mémber) ofa window:Blind{shagle) arasscreer (arother'ééamplesf the solar
shading merbe;ofa foling sqieen device. Maregyer. [he prical e 1 is.suiiably employed
as an opticﬁtbo y that s disposed in a Iigﬁting portion of a fitfing (i.e., an interior member or
an exterior- membet), sugthas<l shoji (ke ;< papei-made and/or glass-fittedesiididg door).

the random concave-convex surface on which the wavelength-
selective reflecting laver 3 is formed. The optical film 1
has an incident surface 81 on which light, such as the
sunlight, is incident, and an emergent surface 32 from which
part of the light incident on the incident surface Sl
emerges, the part having passed through the optical film 1.
The optical film 1 is suitably applied to inner wall members,
outer wall members, window members, wall materials, and so
on. Further, the optical film 1 is suitably appiied to a
slat (one example of a sclar shading member) of a window

»iind {shade) and a screen {(another example cof the sclar



The optical film 1 may further include a first base 4a, when necessary, on the side providing
the emergent surface 52 of the optical layer 2. The optical film 1 may further include a second
base 5a, when necessary, on the side providing the incident surface Si of the optical layer 2.
When the optical film 1 includes the first base 4a and/or the second base 5a, optical
characteristics described later, such as transparency and color of the transmitted light, are
preferably satisfied in a state where the optical film 1 includes the first base 4a and/or the
second base 5a. The optical film 1 may further include an affixing layer 6, when necessary.
The affixing layer 6 is formed on one of the incident surface S1 and the emergent surface 32 of
the opticals%ﬁ‘?ﬁ}ljlr}?/vﬁifélﬁlﬁg% e atfixdd to RwidSw member10. TREE HE ’op?%%l film 1 is
affixed to the-indgorsan guidaer side:afthe windewdnember10pkesdheradherend, with the
affixing layer 6 interposed therebetween. The affixing layer 6 can be formed, for example, as a
bonding layerectitaffifg-d bontt- @' UNEELted resirfof a'td fiquid fixedesin) as a main
component, or a5.an, adhesive layer containing an-.adhesive e:9..a RSA(Pressure Sensitive
Adhesive)) as a main component. When the affixing layer 6 is the adhesive layer, a peel-off
layer 7 is preferably forthearfortredion the affiring layer6: Fhisceriablésthe-optical film 1 to be
easily affixed, just by peeling off the peel-off layer 7, to the adherepd, e.g,,.the window member
10, with the affitj(%a' ﬁ%%elrcg ?nté?égse?dl?ﬁ re ue%\gvl[é%rn.mc%ggr% ?hep\l/i]fe?/\\/tpgiﬁ%gﬁéreasing
adhesion between thessecondbaseba and pneordioth ofrthe=affixing tayenr6and the second
optical layer 5, the optical film 1 may further include a ri_anne%rj, If}?/e{ not sQovyp between the
second base 54 and oRR"dFBoth dF tHe affixinglayar "6 and the secOAd optical Tayer 5. Also,
from the viewpain of inereasing-adhesion.atthesamesloecation(s); i-issreferable to carry out
ordinary physical pretreatment instead of or in addition to forming the primer layer. The
ordinary pRySicH pretreatment iHelides 85§ S plasmaitreAfmeRt br tbroAdtreatment.  The

optical film1.mayfurther.include a barrier layer.(nat-shawn). enone of the ingident surface S1
and the emergent surface S2, which one is affixed to the adherend, e.g., the window member

10, or betweenzhat ohecsgrfate am the Wavelength-selectivesrefietting ey ek 33 2With the

presence of (he Qs‘r@%g'ﬁaegéﬁgﬁé%/Poasnsgolgot&)?:re%eahdgff%%igrms%fi@Eogéttar@gtgwarggge

Wavelengtlsﬂl-éje ective re ayer 3 from the incident surface Si or the emergent surface 32

and to suppress:detefioration Of aimetal etcacontained inttheawavelengthiseléective reflecting
layer 3. Accordingly. duranility.of fhe opfical fim 1 can be Improved:. s..

The optical Ffilm 1 may further inciuge an affixing
layer.6, when necessary. The affixing layver ¢ is formed on
cne of the incident surface S1 and the emergent surface S2
of the optical film 1, which is to be affixed to a window
member 10. Thus, the optical film 1 is affixed to the
indoor or outdcor side of the window member 10, i.e., the
adherend, with the affixing layer & intexposed therebetween.
The affixing layer 6 can be formed, for example, as a
ponding laver contéining a bond {e.g., a UV-cured resin or a

two-liquid mixed resin;} as a maln compcnent, ©or as an

- 12 -



The optical film 1 may further include a hard coat layer 8-from the viewpoint of giving the
surface of the optical film 1 with resistance against excoriation, scratching, etc. The hard coat
layer 8 is preferably formed on one of the incident surface Si and the emergent surface 02 of
the optical film 1, which one is positioned on the opposite side to the surface affixed to the
adherend, e.g., the window member 10. A water-repellent or hydrophilic layer may be further
formed on the incident surface Si or the emergent surface 32 of the optical film 1 from the
viewpoint of providing an antifouling property, etc. The layer having such a function may be
formed, for example, directly on the optical layer 2 or on one of varigus functional layers such
as the hard"e6atIaer §/°F PREDRtCH fithh Tpraferibly Rad flexibility from the Viewpoint of
enabling the optica) film:1 40 he easily. affixed 1o theadherend, whgn theavindow member 10.
Herein, the term "film" is to be construed as including a sheet. In other words, the optical film 1
includes abeaipticdl shfeét s affafis 1 veTHé Witicat filtict préferaBKFhas transparency. The
transparengy preferably.falls within, a later:described range of zgasmission.jmage clarity. The
difference in refractive index between the first optical layer 4 and the second optical layer 5 is
preferably<3.&10cor less, MmMofe preferably. 0008 er tess, lahd eVenamore reférably 0.005 or
less. If the difference in refractive.ind xceeds, 0.010, a transmissjon image te to blur in
appearanée. When ﬁwgeQ di eere%eceeliﬁor% rgéitﬁ/eerirsl]de% is ’irh%oereat a%%.%%% an 'rfotgr}rge(fre than
0.010, there asenanprekiems jn daily lifedhedgh-depending-on autdeorbsigitness. When the
difference in refractive index is more than 0.005 and not more than 0.008, the outdoor sight
can be cledy\ieWetF &ithough it is unpleasant that an image of a bright object is slightly
blurred upon carefully dgeking-at the, perimetes of tbebright-ekject. When:the difference in
refractive index is 0.005 or less, a clear image can be observed regardless of the brightness of
the transnfi§sidrrintage. Ohe bRt firstopticdl 1ayer 2%arid the setontSpticariayer 5, which

one is ppsyi@%%gynt@%}gig&aﬁix%@r e:g...the window member-1Q,.may, contain an adhesive
as a main component. With such a feature, the optical film 1 Can be affixed to, e.g., the
window membierdt0 bycdiractly bitachirig the firstopticallayer 4-6£tHReseednd Gstical layer 5

that contains the, adhesive,as a m inCEom Pﬁ}g(rghéntp&%%%e,&h&Qifﬁg{gnggd'g{gfractive index

. with respeciatc?1 the adhesive is preferably within the above-described range.

optical layer 5. Alsc, from the viewpoint of increasing
adhesion at the same locatiocn(s}, it is preferable to carry
out ordinary physical pretreatment instead of or in addition
‘to forming the primer layer. The ordinary physical
pretreatment includes, e.g., plasma treatment or corona
treatment.
The optical film 1 may further include a barrier laver

{not shown) on cne of the incident surface 31 and the
emergent surface $S2, which cne is affixed te the adherend,
e.qg., the window member 10, or between that one surface and
the Qavelength—selective reflecting layer 3. With the

presence of the barrier laver, 1t is possible to reduce



The first optical layer 4 and the second optical layer 5 preferably have the same optical
- characteristics, such as the refractive index. More specifically, the first optical layer. 4 and the
second optical layer 5 are preferably made of the same material, e.g., the same resin material,
having transparency in the visible range. By using the same material to form the first optical
layer 4 and the second optical layer 5, the refractive indexes of both the optical layers are
equal to each other, and hence transparency to visible light can be improved. However, care is
to be paid to such a point that, even when the starting material is the same, the refractive
indexes of finally formed layers may differ from each other depending on, e.g., curing

conditionsTih™d fh DriinG Protess. BT othér HARA! WiEH TS fifst optical layer 4 and the

second optica] laysr.5 areynade of.different matesials, a transission image tends to blur for
the reason that light is refracted at the wavelength-selective reflecting layer 3, which provides a

boundary,5\e 6 the différeticeh raffadtivesititieseBetwesR tha sptical 1ayers 4aret's. In
particular, there is, a tendency, that when cargfully looking at.a trapsmission Image of a bright

object, blurring of the transmission image is conspicuously observed. Note that, in order to
adjust a value o thetefiactivecindex; ahtaddifivermayribe mixetiifrthe fisst optical layer 4
and/or the, second gptical layer S. The first optical layer 4 and the second optical layer 5

moroved. . .. . " " .
preferablylhave Yransparency in the visible range. Herein, the term "transparency" is defined as
having two meanings;ri€.cas natiabsoring fight rend notscatteringdightcYéhen the term
"transparency” is enerall){ used, it often implies the former meanir%%alone. However, the

r

optical film 1¥45¢cdtding o the firsEERbOdintentBretéfabiy has the trandpareficy in both the

meanings ,A:cursently gmployed retiareflectorissiptendeddaadsualty eanfirm light reflected
from road signs, clothes for night workers, etc. to provide a noticeable indication. Therefore,
even wher Hé Fetroréfleclor has Assdatieting propéity T light feflectéarem an Untfetlying

reflector cap be, visually, gbserved.if the retroreflegtoris in glose coptagt with theunderlying
reflector. Such a phenomenon is based on the same principle as that an image can be visually

confirmed ¥vermwhen antiglare tféatment providing:a scattering property’is @pplied to a front

surface of an image display, for the purpose of i{@gaggw& an.antiglare property. In contrast, the

optical film T*according o the first embodiment preferably does not scattef light for the

reasonthat the eptical-filmadis featuredrntsansmittingllight: cr hydrophilic
layer may be further formed on the incident surface 51 or
the emergent surface 82 of the optical film 1 from the
viewpoint of providing an antifouling property, etc. The
layer having such a functlon may be formed, for exanmple,
directly on the optical laver 2 or on one of various
functicnal layers such as the hard coat layer &.

The optical film 1 preferably has flexibility from the
viewpoint of enabling the optical film 1 toc be easiliy
affixed to the adherend, e.g., the window member 10. Herein,
the term "film" is to be construed as including a sheet. 1In

other words, the optical film 1 inciudes an optical sheet as

- 14 -



other than the diffusely reflected light of specific wavelengths, and that the optical film 1 is
affixed to a transmissive member transmitting primarily light of transmission wavelengths, thus
allowing the transmitted light to be observed. Depending on usage, however, the second
optical layer 5 may be intentionally provided with the scattering property.  The optical film 1
is preferably used in such a way that it is affixed to a rigid member, e.g., the window member
10, which has transmissivity primarily to the light having passed through the optical film and
falling in bands other than the specific wavelengths, with, e.g., an adhesive interposed
therebetween. Examples of the window member 10 include architectural window members for
high-rise Bifildings, houses, etc. and window members for vehicles. When the optical film 1 is

applied to the architegtural window, members, it is preferably applied-to.the window member 10
that is oriented to face, particularly, in some direction within a range from east to south and
further to Westéezy swithire aerariges from sbltheastto: seutiwest) “Fhis isSBEc&asé by applying

the optical fim J.i0.fhe.windowmember 10.grtented.ag megtioned ahove heghiays can be
etly reflects %fm : ' T E

more effectiv ected. The optica 1 can be applied to not only a single-layer window

glass, but alsea speciatglass; suctsas@multifayerglass. Futherstheswimdow member 10 is
not limited to a glassl-madeSmembgr, nd itlmag %%5‘ member magj%)f argiggrgg%meric
material ha¥ing transparency. ThB optical layer 2 preferably hals fransparency in the visible
range. The reasoniis that with the-aptical layer-2 havdpg transparencylias the visible range,
when the optical film 1 is affixed to the window member 10, e.g., the window glass, visible light

is allowed 0% &s< fotyFrthE opiicaPfim TCand iyhtiigh Withtne: Suflight can be ensured. The

optical film 1.may;be affixedignotonly aninner.surface,of a-glass pagechutalso an outer
surface thereof.
difference in refractive index 1s more than 0.008 and not

more than 0.010, there are nc problems in daily 1ife though
depending on outdoor brightness. When the difference in
refractive index i1s more than 0.00% and not more than 0.008,
the oubtdoor sight can be clearly viewed although it is
unpieasant that an image cof a bright cbject is slightly
blurred upon carefully looking at the perimeter of the
bright object. When the difference in refractive index 1s
0.005% or less, a clear image can be observed regardless of
the brightness of the transmission image. One of the first
optical layer 4 and the second optical layer 5, which one is
positioned on the side affixed to, e.g., the window member
10, may contain an adhesive as a main component. With such
a feature, the optical film 1 can be affixed to, e.g., the
window member 30 by directly attaching the first ocptical

layer 4 or the second optical layer 5 that contains the



Further, the optical film 1 can be used in combination with an additional heat-ray cutoff film.
For example, a light absorption coating may be disposed at the interface between air and the
optical film 1 (i.e., on the outermost surface .of the optical film 1). Still further, the optical film 1
can be used in combination with a hard coat layer, an ultraviolet cutoff layer, a surface
anti-reflection layer, etc. When one or more of those functional layers are used in a combined
manner, the functional layer(s) is preferably disposed at the- interface between the optical film
1 and air. However, the ultraviolet cutoff layer is to be disposed on the side closer to the sun
than the optical film I. Thus, particularly when the optical film 1 is affixed to an inner surface of

the window§1a&4 6n fife 3ide faciftF e itérior OF 766N A8 ultravidlet Eatot fdyer is

desirably disppsed.between the,inper surace.of the window.glass.and the optical film 1. In that
case, an ultraviolet absorber may be mixed in an affixing layer between the inner surface of the

window glass Sricktie opticalfilmle 2L DEpersding o thé tiséye of the optical film 1, the optical
film 1 may be coijgred, to S@_avgz a.visvally }z;\étgagti\é% design. When: the visually, %t)r,r@,ptive design is

given to the opticaffiﬁﬁ 1, at feast .one of the first optical layer 4 and the second optical layer 5
is preferabily forhedas0 asttovabsorh prinsanlytlightlind partivcuar wavelengtitrband within the
visible range to such an.extent as not reducing transpatency. , Fig. 2 is an enlarged sectional
to explain the faRCSN of the optical film asco cﬁﬁé?téctﬁ%ﬁ’r'st emb %ﬁ?ﬁénﬁ%lec%pticm film 1
has the incigest surtace Shon-whieh light is-incidant The aptical-film i diffyselyxeflects light
Inin a specific wavelength band, which is part of the light L entering the incident surface Si,

while tran$itting IRFtL Bo5ther thanth@- epélific SaTelenytht BEHd “Ald: thé ptigal film 1 has

transparengy, to.the light, 12 other than;the-specific wayelength band. Thefransparency
preferably falls within the later-described range of transmission image clarity. Further, a diffuse
reflection elaracteristic maybe-givehiwith anisotropy! Fbttexample, lWhehthe Gptical.

optical layer 5, the refractive indexes of both the optical
layers are equal to each other, and hence transparency to
visible light can be improved. However, care 1s to be paild
£o such a point that, even when the starting materizl is the
same, the refractive indexes of finally formed layers may
differ from each other depending on, e.g., curing conditions
in a film forming process. On the other hand, when the
first optical laver 4 and the second cptical layer 5 are
made of different materials, a transmission image tends to
blur for the reason that light is refracted at the
wavelength-selective refleciing layver 3, which provides a
boundary, due to the difference in refractive index between
the optical layers 4 and 5. 1In particular, there is a
tendency that when carefully looking at a transmission image

of a bright cohject, blurring of the transmission image 1is

i
P
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film 1 has a belt-like shape, the diffuse reflection characteristic may have anisotropy between
the longitudinal (lengthwise) direction and the transverse (widthwise) direction thereof. The
diffusely-reflected light in the specific wavelength band and the transmitted light other than the
specific wavelength band are set differently depending on the usage of the optical film 1. For
example, when the optical film 1 is applied to the window member 10, it is preferable that the
diffusely-reflected light in the specific wavelength band is near infrared light and the
transmitted light other than the specific wavelength band is visible light. In more detail,
the'diffusely-reflected light in the specific wavelength band is preferab!%/ near infrared light

[

primarily fAMEF A Waveleniyth bamt of 7805 2108 nthBY refietlihythe’near infrared

light, a terpperatuse rise inside a-building.ean be.suppresseewhen the eptieal fitm 1 is affixed
to the window member 10 such as the window glass. Accordingly, a cooling load can be
reduced aRidFeréfgy savint-éan b aEhfevEt Mérdif e e expre S§1bn Téflet Smplies that the

reflectance in a specific. wayelength band..e . .inthe nea infrared.range, is pyeferably 30% or

more, more preferably 50% or more, and even more preferably 80% or more. The expression
"transmit" mipliesathal the trarsmittanaesireaspetificavelendgthe baie <e.g. Firthe visible

range, is greferabl}é 30% or morehmq,re.preée;ablg 20% qr.more, and even more preferably
70% or more. - A valle of the fransmission image clarity in the W%?/elgné}t%n(éghd where the

optical film_ 1ehas transmissbatyrisiprefetaibly 50.0r targesmorerprefetably60 ovtarger, and
even more preferably 75 or larger when_an optical combwith a comb width of 0,5 mm is used.
che\mﬂué tﬁgrm "rransparency” is generally used, 1t often implies

the former meaning alone. However, the optical film 1

according to the first embodiment preferably has the

transparency in both the meanings. & currently employed

retroreflector is intended to visually confirm light

reflected from rcad signs, clothes for night workers, etc.

to provide a noticeable indication. Therefcore, even when

the retroreflector has a scattering property, light

reflected from an underlying reflector can be visualily

observed if the retroreflector is in close contact with the

underlying refliector. Such a phenomenon :s based on the

same principle as that an image can be visually confirmed

even when antiglare treatment providing a scattering

property is applied to a front surface of an image display

4

for the purpose of imparting an antiglare property. n
contrast, the optical film 1 according to the first
embodiment preferably does not scatter light for the reason

that the optical fiilm 1 is featured in transmitting light



transmission image clarity is smaller than 50, a transmission image tends to blur in
appearance. When the value of the transmission image clarity is not smaller than 50 and
smaller than 60, there are no problems in daily life though depending on outdoor brightness.

- When the value of the transmission image clarity is not smaller than 60 and smaller than 75,
the outdoor sight cam be clearly viewed although it is unpleasant that an image of a bright
object is slightly blurred upon carefully looking at the perimeter of the bright object. When the
value of the transmission image clarity is not smaller than 75, a diffraction pattern is hardly
displeasing. Further, a total of values of the transmission image clarity measured using optical

combs with b WidthEF 61125 Fim Y0 5 MR 156 mArFahd 20 TRAT IS preferably 230 or larger,

more preferahly 270 Q¢ larges, andreven mere: preferably 350 ordarger=df the total value of the
transmission image clarity is smaller than 230, a transmission image tends to blur in
appearance 2WHers the etotarvattetsPihe trahshfisEio ifagd clariyisTiot smaller than 230
and smaller.than, 270, there, are noproblems,in daily ife, though depending.on outdoor
brightness. When the total value o?the transmission image clarity is not smaller than 270 and
smaller thanB80,thebeutdoor sight caidsetlearly viewed adthougfenly a Mery bright object,
such as a light source, causes a displeasing diffraction pattern. When the total.value of the
transmissiS(’)%ciCr)ﬁzagg((-53p éﬁﬁ/ﬁisﬁﬁ&egmg"%?%gﬁ 33“516%@[ ‘élégl)?fi?lafc{t'or%j Jf)%%}ééﬁ%s hﬁ%aly displeasing.
Herein, thevalue of itbeitrangmigssionymage clarity is measured in conformity with JIS K7105
by using ICM-1T made by Suga Test Instruments Co., Ltd. When the wavelength to be
transmitted diffefS3rSHthat bf tHé™DE5 GhPSEarEs thé adSurément Is préferably performed
after calibration usingafiter-having the:wavelengtbde, be transmitied. : nad#aze occurred in the
wavelength band where the optical film 1 has transmissivity is preferably 6% or less, more
preferably B95°61ess; diefeVertfiore preferably 204 o TS84t five haze éxdeéds 6%, the
transmitted light is scatlered,and. a,view.is ghscured: Herein. the.haze is measured in
accordance with'the measurement method stipulated in JIS K7136 by using HM-150 made by
Murakami<Coler Résearchel aberdtbiy CuvEidnWihien the Wavelefigth &6 beransiitted differs
from that of the 065 light.source, the measurem nt_is pr e‘rabl,x rfol gft§ calibr_ation
using a filter %{ﬁr?é) ?r(?e Wgﬁeelgé%’atqﬁ% be trgﬁgﬁ%t@tséd? #h%gi%cwdlgr%ggu#g}?e& Si, p?eferably both
the incidentrsurfaee St@and theemergentsuwrfacenb2; of the-optical-filhsd have simasthness at
such a level as not degrading the transmission image clarity. More specific I(!vy, arithmetic
mean roughhie&s Ra oF th@‘ﬂgciﬁérnlii %‘ﬁrfrﬁ%%bﬁrgné(%eve%é?ﬁgﬁt'sur ace §’§ is preferably 0.08
mm or lessgmore preferably 0:064pm ex less,-anrd evenimere preferably: 8.04 mm or less. Note
that the arithmetic mean roughness Ra is obtained as a roughness parameter by measuring

the surfacB¥8tighhess ofitheTheidartemargent Suiface™and deting EHdighness curve from
a two-dimengional profile curye. Megsurerpent conditians are, sebif coniarmity,with JIS
50601:2001. Details of a measuring apparatus and the measurement conditions are as follows;

within a range from east to szouth and further to west (e.g.,

within & range from scutheast to scuthwest). This is

because, by applying the optical film 1 to the window member

10 oriented as menticned above, heat rays can be nore

effectively reflected. The optical film 1 can be applied to

not only a single-laver window glass, but also a special

glass, such as a multilayer glass. Further, the window
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measuring apparatus: full-automated fine shape measuring machine SURFOODER ET4000A
(made by Kosaka Laboratory Ltd.), Xc = 0.8 mm, evaluation length: 4 mm, cutoff: x5, and data
sampling interval: 0.5 mm.  The first optical layer 4, the second optical layer 5, and the
wavelength-selective reflecting layer 3, which constitute the optical film 1, will be described in
more detail below. (First Optical Layer and Second Optical Layer) The first optical layer 4
serves to, for example, support and protect the wavelength-selective reflecting layer 3. The
first optical layer 4 is made of a layer preferably containing, e.g., a resin as a main component

from the viewpoint of giving the optical film 1 with flexibility. For example, one of two principal
surfaces of thefirst Spticalyet 4% 5 $mboth dufate tREBtREr iS&Tahtofiy

concave-copvexsuface (first sirface); Jhe wayelengthzselective rgflecting layer 3 is formed
on the random concave-convex surface of the first optical layer 4. ~ The second optical layer
5 serves té protactthewavelergthrseleetive rflsctinglayer 3tby ehitsedding the first surface

(random congaussconvex syriace) of thefirst optcal Iayer 4 onwhich.the wavelgngih-seleciive
(0]

reflecting layer 3is formed. The second optical layer 5 is made a]lgyer préferéBy containing,
e.g., a resirhas @pain compenent fromi thie viewppintsofgiving theopticakfilm tawith flexibility.
For examplg, onehof two péﬁ:lgqll%ur{aqies og the secpndiﬁ%gtlcal Iélger 5is a srq(%oth surface

Loi T EN i T b
and the other is & random concave-convéxasurtléiceeg(sé”)co s"t‘i%fréce‘f. THE Tahdom

concave-conyex siface oddhedirst epticaklayes 4 agdithesrandomconcave-eenvex surface of
the second optical layer 5 are reversed to each other in a random concave-convex relation.

Since the tBnEEVE-corvePshiffate ‘of the first Optical Tayet 4 ahd theFcSHEavE Convex

can ke ensured. The coptical film 1 may be affixed to not
only an inner surface of a glass pane, but also an outer
surface therecf.

Further, the optical £ilm 1 can ke used in combination
with an additional heat-ray cutoff film. For exanple, a
light absorption coating mav be disposed at the iInterface

1

between alr and the optical film 1 (i.e., on the cutermost
surface of the optical £iim 1}). Still further, the optical
film 1 can be used in combination with a hard coat layer, an
ultravioclet cutoff layer, a surface anti-reflecticn laver,
etc. When one or more of those functional lavers are used

in a combined manner, the functicnal laver{s) is preferably
disposed at the inte:face petween the optical fiim 1 and air.
However, the ultraviolet cutoff layer 1s to be disposed on
the side closer to the sun than the optical film 1. Thus,
particulérly when the optical film 1 is affixed to an inner

surface of the window glass on the side facing the interior
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surface of the second optical layer 5 differ from each other only in that they are reversed to
each other in a random concave-convex relation, the following description is made about the
concave-convex surface of the first optical layer 4.  The first optical layer 4 preferably
contains, as a main component, a resin of the type exhibiting a small reduction in its storage
(elastic) modulus at 10000 and no significant difference in storage modulus between 25C and
100C. In more detail, the first optical layer 4 preferably contains a resin having the storage

- modulus of 3 x 109 Pa or less at 25C and the storage modulus of 3 x 107 Pa or more at 100C.
The first optical layer 4 is preferably made of one type of resin, but it may contain two or more

types of ré&ing. Edftfer Hife ArdtGptical TayEF A thay e Wixed WitR 27 2dditive, when

necessarys s Wdaen the first.opticak layer 4contains-as @ maincompenest, theiresin of the
type exhibiting a small reduction in its storage modulus at 100C and no significant difference in

storage mbtalgSbéfAeen28C land 100E 4% désribéd abbve® the first spficaPrRyer 4 can -
Substantiqux};némﬁgae interface-shape as pet design, even.whben.a progess under

application of heat or both of heat and pressureé is carried Out after forming the random
concave-cohvexssurface(fitstasurface) oftheofirsstoptidal layeér 4. On the other hand, if the first
optical layer 4 containg, as a main component, a resin of the t exhibiting a large reduction
in its storage m()gﬁﬁﬁgaétnfOS& gr% auéc’lg?flgficc::’aln'f“l &?fe?ggé"g Eﬁi g%%%“g?’mé&%us between 25C
and 1000Q;ithedaterface shaperis-deformed frorm thewdesigneeishiape to suehta farge extent
that the optical film 1 may be curled_ _ The process under application of heat includes not
only a prot&&S &t dirdBt appfying Higat & the jstical ‘fﬁm‘?ef%rgé mpofents théreot - such as
annealing, but alsp & processdn whichtesperature at the surigce of a fosmed film is locally
raised and heat is indirectly applied to the film surface, for example, during formation of a thin
film and d@ffg EfintF 6P AT E6Mpasitith, antFaprotessin whichthe empérdttre of a

master is @L%%%%?ﬁiﬁg%qi@yom\gﬂ@ energy rays;and heat.is indireetly applied to the optical

film. Further, the effect resulting from restricting the numerical range of the storage modulus as
described aboveristhet mitedlto thiecase usingthe particaldr typerofresiand’dan be similarly
obtained V\&en a the@rmcylastic resin, a thermosetting resin, and an energy-ray irradiation resin

ansparenc
are used. P
Fig. 2 is an enlarged sectional to explain the function

of the optical film zccerding to the first embodiment. The
optical film 1 has the incident surface 51 on which 1ight L
is incident. The optical film 1 diffusely reflects light I
in a specific waﬁelength band, which is part of the light L
entering the incident surface 31, while transmitting light
I, other than the specific wavelength band. Alsc, the
optical f£ilm 1 has transparency to the light I, other than
the specific wavelength band. The transparency preferably
falls within the later-described range of transmission image
clarity. Further, a diffuse reflection characteristic may

be given with anisotropy. For example, when the optical
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The storage modulus of the first optical layer 4 can be confirmed, for example, as follows.
When the surface of the first optical layer 4 is exposed, the storage modulus of the first optical
layer 4 can be confirmed by measuring the storage modulus of the exposed surface with a
micro-hardness tester. When the first base 4a, etc. are formed on the surface of the first optical
layer 4, the storage modulus of the first optical layer 4 can be confirmed by peeling off the first
base 4a, etc. to make the surface of the first optical layer 4 exposed, and then measuring the
storage modulus of the exposed surface with a micro-hardness tester. A reduction in the
storage modulus at high temperatures can be suppressed, for example, by a method of
adjusting, -4 thetiéfgth B tHe kind BB idE thain WHER thé thrmoplastic resin is used,
and by a mgthod. of adiusting«e.g:» the aumberof gressinking peints anc the malecular
structure of a cross-linking agent when the thermosetting resin or the energy-ray irradiation
resin is usete HOWeVEE it i preferable tat'the cHaratigristics demaridéd for the resin material
itself are not Jg@ecgcrqur?dtwgpe%lfqh a structural change. Depending on the type of the
cross-linking agent, for example, the storage modulus at about room temperature may be
increased to sucthandextent¢hat asr@sin fim Bécormesrbrittie, erthatthie resin film is curved or
curled due 1o, @rge shrinkage. I s, therefore, preferable { proprry Saiedt s type of the
cross-linkiﬁ%vggeﬁtgégpeﬁamg‘f‘ Oh the demanded characteristics. ~ When the first optical layer
4 containssa erystadline high-pplymeric:materiabas @ nraincamponept it preferably contains,
as a main component, a resin haying the glass transition point higher than a maximum
temperatuFE Ui A MantiEcifing prodess'and exiibitiy Bsmall Fédliction in the storage
modulus at the maximum temperaiire-during the manydactusingprogessi +If asresin having the
glass transition. point in the range of the room temperature 25C to the maximum temperature
during thermahafastfing process andextbiting a 1afgé fedddtion i thé Storage modulus at
the maximym temperature during the manufacturing, pracess is; ysed.a difficulty occurs in
maintaining the ideal interface shape as per design during the manufacturing process.

When the firstropticaldayer dr-¢ontaing a-hencrystaliinec(amerptiolis)siightpsisaterié material as
a main component, it preferably contains, as,a maip companent, a fesin baying the metting
point higher"“ﬁ'uan e maximum temperature during the manufacturing process and exhibiting a
small reductign+n:therstorage anodulus: at the maximuwm temperaturelduying:a:manufacturing
process. If a resin haying the melting point in the range of thelroon%tegge%at%re_] Ctothe
maximum t&herature-diing thehanlractutitig procéss ana exibiting a Targe réduction in
the storage medulus;at the maximunm temperature duwing the manufacturing process is used, a

difficulty occurs in maintaining the ideal interface shape as per design during the
rnanLﬁacnﬁﬁ@Pﬁﬁiﬁ%ﬁﬁ rigse inside a bullding can be suppressed when

the optical film 1 is affixed tc the window member 10 such
as the window glass. Accordingly, a cooling load can be
reduced and energy saving can be achleved. Herein, the
expression "reflect” lmplies that the reflectance in a
specific wavelength band, e.g., in the near infrared range,
is preferably 30% or more, more preferably 50% or more, and
even more preferably 80% or more. The expression "transmit”

implies that the transmittance in a specific wavelength band,
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Herein, the expression "maximum temperature during the manufacturing process" implies a
maximum temperature at the random concave-convex surface (first surface) of the first optical
layer 4 during the manufacturing process. Preferably, the second optical. layer 5 also satisfies
the above-mentioned numerical range of the storage modulus and the above-mentioned
temperature range of the glass transition point.  Thus, at least one of the first optical layer 4
and the second optical layer 5 preferably contains the resin having the storage modulus of 3 x
109 Pa or less at 25C. On such a condition, the optical film 1 can be given with flexibility at the
room temperature 25C and can be manufactured with the roll-to-roll process. _The first base
4a and thé stront’ha88 55-Rabefrandparenty i Bn ExEMplan casé. EAth'base fs preferably
in the form of afilm from the yiewpaint af-givingthe.opticakfilra dwith ftexibility bistthe form of
the base is not particularly limited to the film. The first base 4a and the second base 5a can be
each formed by’usinge.q.f gereral Righ pof/rariéThdteriais - Examples’st the general high

polymeric.matealg include.iassiicalllose (TAC).polyestar (TBER. polyathyisne
terephthalate (PET) polyimide (PI), polyamide (PA), aramid, polyethylene (PE), polyacrylate,
polyethersuifane; feolysulfoné, polypropytena (PP ) didcesih cellalbse, palyvinyl chloride, acrylic

resin (PMMA), polycarbonate (EC epoxy.resin, urea resin, urethane resin, and melamine
. ' e . Els) 5 Tar &0 &1 P o
resin. Hov?él\%r%ﬁé rﬁngfeenﬁgeoﬁ e fl*r%t as%r4a%nc%jeﬁ1ewse80na k%ase %a are not limited to the

above-mentioned paticulaxexamples:The thickness. of eachief thelfirst baser4a and the

second base 5a is preferaply 38 to 100 [im from the viewgoint of productivity,
transmission image clarity is smaller tThan 30 a
transmission image tends to blur in appearance. When the
vaiue of the transmission image clarity is not smaller than
50 and smaller than 60, there are no problems in daily iife
though depending on outdoor brightness. When the value of
the transmission image clarity is not smaller than 60 and
smaller than 75, the outdoor sight can be clearly viewed
although it is unpleasant that an image of a bright object
is slightly blurred upon carefully looking at the perimeter
of the bright cbject. When the value of the transmissilon
image clarity is not.smaller than 75, a diffraction pattern
is hardly displeasing. Further, a total of values of the
transmission image clarity measured using optical combs with
comb widths of 0.125% mm, 0.5 mm, 1.0 mm and 2.0 mm is
preferably 230 or larger, more preferably 270 or larger, and
evern more preferably 350 or larger. If the total value of

the transmission image clarity is smaller than 230, a

transmission image tends to blur in appearance. When the
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but it is not limited to such a particular range. The first base 4a or the second base 5a is
preferably transmissive to an energy ray. The reason is that when the first base 4a or the
second base 5a is transmissive to an energy ray, an energy-ray curable resin interposed
between the first base 4a or the second base 5a and the wavelength-selective reflecting layer
3 can be cured, as described later, by irradiating the energy-ray curable resin with the energy
ray from the side including the first base 4a or the second base 5a.  The first optical layer 4
and the second optical layer 5 have transparency in an exemplary case. The first optical layer
4 and the second optical layer 5 are each obtained, for examgle, by curing a resin
Compositioh- s e tésificamposition ar ehetgyay cirable résin® capabie ‘gif%beerlng cured
upon irradiatign with light e am electronbean), ena thernesetting sesisreapable of being cured
upon application of heat is preferably used from the viewpoint of easiness in production. As

the energysray turabfe FESIHCA PIRERISEHEHIE réSIEOH PSSt tapable Bf Beirg Gured upon

irradiation,with Jight is, preferaple..and ap; ultrayiolet curable.resin compesition.capable of being
cured upon irradiation with an ultraviolet ray is most preferable. From the viewpoint of .
increasing-adhegich betiveen thesfirshaptical layer4 or e secorEléptieal layer 5 and the

wavelength; selective reflecting layer, 3, ihe resin,compasiion praferaply futhet cogtains a
compoun(fc%nféﬁﬂing p‘ﬁosp%orlc acid, a cgmpoundycontalning succinic acid, and a compound
containing hutyrolagiene, The.cempounidcontaining phésphoricacidanayte, e.g.,
(meth)acrylane conta&iningqphog,phori(; acid, [greferablé/ a gmeth)acryi monomer or oligomer
having phB&pRoficadid i a fihctiondl grdtip” THE Estipound Containing Succinic acid may be,
e.g., (meth)acryiate containing suscinig-acid - preferably a{meth)acryl moeromer or oligomer
having succinic acid in a functional group. The compound containing butyrolactone may be,

e.g., (meti)atrylaté comtaining blityrotagtorie; Pretérdily a rmetatnithotbiér or oligomer

having butyrplactone.irjg fungtional group-, - the yitraviglet Gurable sesinoamposition
contains, e.g., (meth)acrylate and a photopolymerization initiator. The ultraviolet curable resin
compositiGii¥nay farther epnfaina Wit neeessanEra pheto-stabilizer "a fanée

wavelength to be transmitted differs from that of the Dé5
light source, the measurement is preferably performed after
calibration using a filter having the wavelength to be
transmitted.

Haze occurred in the wavelength band where the optical
£ilm 1 has transmissivity is preferably 6% or less, more
preferably 4% or less, and even more preferably 2% or less.
If the haze exceeds 6%, the transmitted light is scattered
and a view is obscured. Herein, the haze is measured in
accordance with the measurement method stipulated in JIS
K7136 by using HM-150 made by Murakami Color Research
Laboratory Co., Ltd. When the wavelength to be transmitted

differs from that of the D65 light source, the measurement
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retardant, a leveling agent, and/or an anti-oxidant.  As the acrylate, a monomer and/or an
oligomier having two or more (meth)acryloyl groups is preferably used_ Examples of such a
monomer and/or oligomer include urethane (meth)acrylate, epoxy (meth)acrylate, polyester
(meth)acrylate, polyol (meth)acrylate, polyether (meth)acrylate, and melamine (meth)acrylate.
Herein, the term "(meth)acryloyl group” implies an acryloyl group or a methacryloyl group. The
term "oligomer" used herein implies a molecule having molecular weight of 500 or more to
60000 or less. The photopolymerization initiator used here can be selected, as appropriate,
from among general. materials. As examples of the general materials, benzophenone

derivatived SaBtiferone Hefivatives, antiradiindnederffatives’ eté. ¢dn b€ used alone or in

combination.An.amount.of dhe-photopolymerization initiator mixed:ispreferably 0.1% by mass
or more and 10% by mass or less of the solid content. If the amount of the photopolymerization
initiator mixedfistess than@ A9 By mhass: pHote-cuarabsiit is Tedaeed to'sich!aleel as being

not suitable, for industrial production from, the practical point of wiey. Qn,the.gther hand, if the
amount of the photopou[ymerlzatlonllnltlator mixed exceeds ,10% by mass, an odor tends to
remain in affosmed eoating Wwhen anafyountiefligtemitted:for the irradiation is insufficient.

Herein, the term "solid content” implies ﬂl compo ent%{:gnns{gg%tir%%th%rgirstso;&gc%l,#ayer 4 or
ir l u

the second optical layer 5 aftar being cured. The sofid content includes, for example, the
acrylate, the photopelymesizationdngiater,etehe emergent surface 82 is
preferably 0.08 um or less, more preferably 0.06 um or less,
and even more preferably 0.04 um or less. Note that the
arithmetic mean roughness Ra 1s obtained as a roughness
parameter by measuring the surface roughness of the incident
(emergent) surface and deriving a roughhess curve Ifrom a
two-dimensicnal profile curve. Measurement conditions are
set in conformity with JIS B0O60L1:2001. Detalls of a
measuring apparatus and the mesasurement conditions are as
follows;.
measuring apparatus: full-automated fine shape measuring
machine SURFCODER ETA4000Z (made by Kosaka Laboratory Ltd.),
Ac = 0.8 mm, evaluation length: 4 mm, cutoff: =5, and
data sampling interval: 0.5 um.

The first optical layer 4, the second optical laver 5,
and the wavelength-selective refllecting laver 3, which
constitute the optical film 1, will be described in more
detall below.

{First Optical Layer and Second Optical Layer)
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Preferably, the resin has such a property that a structure can be transferred to the resin upon,
e.g., irradiation with the energy ray or application of heat. Any type of resin, including a
vinyl-based resin, an epoxy-based resin, thermoplastic resin, etc., can be used as long as the
resin satisfies the above-described requirements for the refractive index. The resin may be
mixed with an oligomer to reduce curing shrinkage. The resin may further contain, e.g.,
polyisocyanate as a curing agent. In consideration of adhesion between the first Optical layer 4
or the second optical layer 5 and the adjacent layer, the resin may be further mixed with
suitable one or more of monomers having a hydroxyl group, a carboxyl group and a
phosphoric groupipolyer: ceRiplingagérits sdcti &s’€arbidkylic Hcif*&l&né; aluminum and
titanium; and various,chelating agents. ., d N, (psin.composifion preferably further contains a
cross-linking agent. In particular, a cyclic cross-linking agent is preferably used as the
cross-linkingvagent. By using-the cross-finkingpagent, the resie cah Be made heat- resistant
without greatly. changing the storage modulus_at the roam temperature, If the storage modulus
at the roor?lrtee%ﬁﬁgagj%rg is %?é&ﬁﬁ:ha%g%d’, tﬁeroepst%élaﬁﬁmal Hr%z'}‘i{/?bgeoc?gprééeb%rﬁtle and a
difficulty ntay-accuk irv fabricating tite opticad fitmel withi thel rali-lorrollyprocess. Examples of the
cyclic cross-linking agent include dioxaneg%gol diaqﬂrxlate,vt,ric(}/_clqgecangdimethqcnol
diamrylate’ tidyclotiecanedimetiZRBF dimetHioR atd ethyidie Bxide-Modified iSocyanurate
diacrylaMerethylere axide-moedifiegkisocyanusatentriacrylaterand caprolactone-sodified
ris(acryioxyethyl) isocyanurate. Preferably, the first base 4a or the second base 5a has
water vapor pérmeabifity 16Wet thanat of tHé firse opficarlaydr 4 6F the setohd optical layer 5,

respectively, For.example; when,the fisstoptical layer. 4 is formed. by wsing the energy-ray

curable resin, e.g., urethane acrylate, the first base 4a is preferably formed by using a resin
having watemggporpeameabilityiewet thanthat of the first-eptieallayet 4Laiidbeing

transmissive to tﬂﬁeegeer Ja %t icago%{e};@ I%esgeggggtq%laﬁ (glgggl't) As.a result, diffusion of
; : : t

moisture toward the wavelength-selective reflecting layer 3 from the incident surfaMe 51 or the
emergent surface 52 carebe retlueedesne deteroiaticn of anmetalyetc:icantdired in the
wavelength-selective reflecting layer 3 can be suppressed. Henge: durability of the optical
optical layver 4 on which the wavelength-selective reflecting
layer 3 is formed. The second optical layer 5 is made of a
layer preferably containing, e.g¢., & resin as a main
component from the viewpoint of giving the optical film 1
with flexibility. For example, one of two principal
surfaces of the second optical layer 5 is a smooth surface
and ths other is & random concave—convex surface {(second
surface). The random concave-convex surface of the first
optical layer 4 and the random concave-~convex surface of the
second optical layer 5 are reversed to each other in a

random concave-convex relation. Since the concave-convex

surface of the first optical layer 4 and the concave-convex
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film 1 can be improved. Note that the water vapor permeability of PET having a thickness of 75
pm is about 10 g/m2/day (40C, 90%RH). Preferably, at least one of the first optical layer 4
and the second optical layer 5 contains a functional group having high polarity, and the content
of such a functional group differs between the first optical layer 4 and the second optical layer
.5. More preferably, both the first optical layer 4 and the second optical layer 5 contain a
phosphoric compound (e.g., phosphoric ester), and the content of the phosphoric compound
differs between the first optical layer 4 and the second optical layer 5.. The difference in the
content of the phosphoric compound between the first optical layer 4 and the second optical
layer 5 is Brefepablytive oF RS BMéES hiote preférably five 6r mbretimes and éven more
preferably fen or marg.times. , . When atleast.one. of the first-optical layeri4.and the second
optical layer 5 contains the phosphoric compound, the wavelength-selective reflecting layer 3
preferablyccontanss anroxide: @lnitfide, okam dxvaitide n ASsstrface eont&chiig with the first
optical layer 4 or the second optical layer 5 that contajns the sphoric.co d.ltis
particularl?%?8$er%%?e thatthe %\ﬁs(lj\?evl’gzr){gt§r11'1-rs%1?e<:(?tivore}tI re]C eecltqi%ggggegr%gﬁ%iﬁdrgé)%éjlgyer, which
contains zinc oxide (ZnO) or niobium oxide, in its surface contacting with the first optical layer
4 or the second optical Ia¥er 5 that contains the ?h_%s hogic com[gourqg. Séysch a feature is
effective in increafing AdtieSibh GEtwedr the Tirt Sptical iayef 4 o the second optical layer 5
and the wavelengthrselestive seflectingdayen 3. Aretherreasen:is thataaanticorrosion effect is
increased when the wavelengthselbctive reflecting layer 3 contains a metal, such as Ag.
AdditionalKE $HE Wavelehgthsseleetive fefl8tiifg iayer 3Hay cotai? & dopafib Such as Al or
Ga. The reason is that.the; depapt improves film.qualify and spoqthnessswben-a metal oxide
layer is formed by, e.g., sputtering.  From the viewpoint of giving the optical film I, the
window mefibér- 10 eteiawith detisiillytattrattiverdesighcat led@stend ot théSnaPoptical layer 4
and the second optical layer, 5 preferably, nas 2. chatadleristic of absorbing ight in.a particular
wavelengtﬁoband within the visible range. A pigment dispersed in the resin may be either an
organic pigement:or ar inorganiclpigmentadn particllas, af idorgdic pigmenthavirg:high
weatherbilit%{ in itself is preferable. P,rac}“icc%l examqoles ofgg?éno_ anica%{%r%%ntoirrllglude zircone
gray (Co, Ni-doped Zr&iday Sradeotymium Sellow (Pridoped ZrSiD4). ghrome-titania yellow
(Cr, Sb- deped Ti©2-ek G, Wrdoped THi2);,chrome green-(sucheas Gr203)4 peacock blue
((Cozn)0(A1143r)203), Victoria green ((Al, Cr)203), deep blue (Co0.AI203.5102)]
vanadhnn%ﬁﬁ%ﬂﬁun1EWEFP?RﬁnﬁQ? first optical laver 4 may be mixed

with an additive, when necessary.

When the first optical layer 4 contains, as a main
component, the resin of the type exhibiting a small
reduction in its storage medulus at 100°C and no significant
difference in storage modulus between 25°C and 100°C as
described above, the first optical laver 4 can substantially
maintain the interface shape as per design even when a
process under application of heat or both of heat and
pressure is carried out after forming the random concave-

convex surface (first surface} of the first optical layer 4.
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ZrSiO4), chrome-tin pink (Cr-doped 0a0(5n02(5i02), manganese pink (Mn-doped Al203), and
salmon pink (Fe-doped ZrSiOd. Examples of the organic pigment include an azo-based
pigment and a phthalocyanine pigment. (Reflecting Layer) = The wavelength-selective
reflecting layer 3 serving as a. partially reflecting layer diffusely reflects, of incident light
entering the incident surface, light in a specific wavelength band, but it transmits light other
than the specific wavelength band therethrough. The wavelength-selective reflecting. layer 3
- is, for example, a multilayer (stacked) film, a transparent electroconductive layer, or a
functional layer. Alternatively, the wavelength-selective reflecting layer 3 may be formed by
using two BF niéfe ftHe nidhifayertfilit stheltfanspafefPconduéive 4y Ett andtthefunctional

layer in a combined manner,.A mean.film thickpess of the.wauelength-selective reflecting layer
3 is preferably 20 fim or less, more preferably 5 wm or less, and even more preferably 1 itm or

less. If themmeartfilon thickhesssoftheowavelength-sélettiVeTeflectingdayer 3i6xeéeds 20 pun,

the length of an.opfical path In whigh.(hs ltansimltegd ight 1 (eflagiedys-ncreased. and the
transmission image fends t6 distort in appearance. The wavelength-selective reflecting layer 3
can be formed;fos example; by spuatteringg vaporn deposition gdipdceating, o diewdoating.

The multilayer film, the transgarent electroconduct ve layer, and tthyPé:éional layer will be

described bet6w &by Ge -(Mblthayer Bini - =+ & Ty o€

The process under application of heat includes not only
a process of directly applyving heat to the optical film I or
components thereof, such as annealing, but alsc a process in
which temperature at the surface of a formed film is locally
raised and heat is indirectly applied to the film surface,
for example, during formation of a thin film and during
curing of a resin composition, and a process in which the
temperature of a master is ralsed upon irradiation with
energy rays and heat is indirectly applied to the optical
film. Further, the effect resulting from restricting the
numerical range of the storage modulus as described above is
not limited to the case using the particular type of resin
and can be similarly cbtained when a thermoplastic resin, a
thermosetting resin, and an energy-ray irradiation resin are
used.

The storage medulus of the first optical laver 4 can be
confirmed, for example, as follows. When the surface of the
first optical laver 4 1s exposed, the storages moduius of the

first optical laver 4 ¢an be confirmed by measuring the
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The multilayer film is, for example, a film formed by alternately stacking a low refractive index
layer and a high refractive index layer, which differ from each other in refractive index. As
another example, the multilayer film is a film formed by alternately stacking a metal layer
having a high reflectance in the infrared range and a high refractive index layer having a high
refractive index in the visible range and serving as an anti-reflection layer. An optical
transparent layer or a transparent electroconductive layer can be used as the high refractive
index layer. The metal layer having a high reflectance in the infrared range contains, as a main
component, Au, Ag, Cu, Al, Ni, Cr, Ti, Pd, Co, Si, Ta, W, Mo or Ge alone, or an alloy
containing® s & TnBRE'SERSCBE 6 Aty thode Efémehts ot examipie  Oftiiose examples,
Ag-, Cu-, Ak, Si-or Gehased materials are preferable in gonsideration-af practicability. When
an alloy is used as the material of the metal layer, the metal layer preferably contains, as a
main compBAEAESAIT, LARI, PICTE AUCG SAINdCYE AlMg S AY FdCH2 AgPPTiv AGCHTi, AgPdCa,
AgPaMa, agbdre. 20,81 SIB: Tor sxanple, T tetard cormosion, ot le meiallayer, an
additional material, such as Ti or Nd, is preferably mixed in the metal layer. In particular, when
Ag is used as thermaterakofithe rietal layeraitds Preferable te mik thiecadditiohal material.

The optical tgtans%gar nt Iay%r isxa Iay%r hgy}iélgt%ehrigg eraegrgjg}mi}l/e igggxsi@ the visible range and
serving as an anti-reflection Ifyé??ﬁe’opflcal frarisparent”lay%r contains, as a main
componentsadhigh-dielecteicanateral, .. niebium oxide, tantalumoxide, ortitanium oxide.
The transparent electroconductive layer contains, as a main component, ZnO-based oxide or
indium-doped tift oXide-Fhez®-5a5ed TXids Tl B8 ot éXatipte: arT8ast dhé sdlected from
among a groMpJaclyging.zine oxide (Zo0)rgalium (Gamand-aluminm (Ad)-dpped zinc oxide
(GAZO), aluminum (Al)-doped zinc oxide (AZO), and gallium (Ga)-doped zinc oxide (GZO).
The refractivé index<of thiechigheretractivesifierexCiayer IS deer i the fiulfiiager film is
preferably.in ihe range 0f.1,7.0f qre 10.2.6 of less, more prpicrably 1.8 0L mate to 2.6 or less,

and even more preferably 1.9 or more to 2.6
e.g., the number of cross-linking points and the molecular

structure of a cross-linking agent when the thermosetting
resin or the energy-ray lrradiation resin is used. However,
it is preferable that the characteristics demanded for the
resin material ifself are not degraded with such a
structural change. Depending con the type of the cross-
linking agent, for example, the storage mcdulus at about
room temperature may be increased to such an extent that a
resin film becomes brittle, or that the.resin film is curved
or curled due to large shrinkage. It is, therefore,
preferable to properly select the type of the cress-linking
agent depending on the demanded characteristics.

Whnen the first optical layer 4 contains a crystalline

high-peolymeric material as a main component, it preferably
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or less. By setting the refractive index as mentioned above, anti-reflection can be realized in
the visible range with a film that is so thin as not to cause cracking. Note that the refractive
index is measured at a wavelength of 550 nm. The high refractive index layer is a layer
containing, as a main component, a metal oxide, for example. In some cases, the metal oxide
used here-is preferably to be other than zinc oxide from the viewpoint of relaxing stresses in
the layer and suppressing the occurrence of cracks. In particular, at least one selected from
among a group including niobium oxide (e.g., niobium pentoxide), tantalum oxide (e.g.,
tantalum pentoxide), and titanium oxide is preferably used. A mean film thickness of the high

refractive e iyjer i&preféiably AGRATEF ore ARGT20 Al oF 1I68S, Hiots preferably 10 nm

or more and 100 nm,or less,.and even more prefarably-10-am oF more-and.8Q.an or less. If the
mean film thickness is less than 10 nm, the high refractive index layer is more apt to reflect the

visible light= O e tieshandcfiheameapfilh? thitkBess Bxceeds 120 MM the' high refractive
index layer,is more.apt to, red éﬁ% transmittance and %ﬂ%%%%%%%kiagringTﬂ?emult”ayer film

is not- limited to a thin film made of an inorganic material, and it may be formed by stacking a
thin film made:6fathighrpolymeric material zoradayerevntainiig:finégsarticles, etc. dispersed
in a high polymeric material. Furthg%ea thin buff%r Iéaﬁ/er made of e i and having a thickness

of several Hahometers may e formed at the interface breot\?vmeetne%ﬁég JF(’_:?rI"rrLllc-f-g optical transparent

layer and the adiacentilayer ferthe pupeseefing the manufacturing process
and exhibiting a large reducticn in the storage modulus at
the maximum temperature during the manufacturing process 1s
used, a difficulty océurs in maintaining the ideal interface
shape as per deslign during the manufacturing procass.

When the first optical layer 4 contains a non-
crystalline (amorphous) high-polymeric material as a main
component, it preferably contains, as a main component, a
resin having the melting point higher than the maximum
temperature during the manufacturing process and exhibiting
a small reduction in the storage modulus at the maximum
temperature during a manufacturing process. If a resin
having the melting poeint in the range of the room
temperature 25°C to the maximum temperature during the
manufacturing process and exhibiting a large reductlon in
the storage modulus at the maximum temperature during the
manufacturing process is used, a difficulty occurs in
maintaining the ideal interface shape as per design during

the manufacturing process.
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preventing oxidation degradation of a metal in the underlying layer when the optical
transparent layer is formed. Herein, the term "buffer layer" implies a layer that is self-oxidized
to suppress oxidation of e.g., a metal layer as an underlying layer when an overlying layer is
formed. (Transparent Electroconductive Layer) The transparent electroconductive layer is
a layer containing, as a main component, an electroconductive material having transparency in
the visible range. More specifically, the transparent electroconductive layer contains, as a main
component, a transparent electroconductive material, e.g., tin oxide, zinc oxide, a material
containing carbon nano-tubes, indium-doped tin oxide, indium-doped zinc oxide, and :
antimony-doped fif<oxide  Aflayar HitethativeliFisabme FEFP/iE) dbhtdnado-particles of the

above-meptioned materjals, or-nane-patficles, nang:rads.or nane-wires of an <ne
electroconductive material, e.g., a metal, which are dispersed in a resin at a high density.
(Functionaldzaipar) concRiye funetioraliayer containss assa Mairrcofpdrient! aétiromic material

of which reflection perfarmance, of exaimple, f3 sevelsibly.chagoedpon application of an
external stimulus. The'term "chromic material” implies a material reversibly changing its
structure uperfapplicationhe second optical layer 5 also satisfies the

above-mentioned numerical range of the storage moduius and

the above-mentioned temperature range of the glass

trangition point.

Thus, at least one of the first optical laver 4 and the
second optical layer 5 preferably contains the resin having

]

the storage modulus of 3 .x 10° Pa or less at 25°C. On such a
condition, the optical film 1 can be gilven with flexibility
at the room temperature 23°C and can be manufactured with
the reoll-to-roll process.

The first base 4a and the second base ba have
transparency in an exemplary case. Tach base l1s préferably
in the form of a film from the viewpoint of giving the
optical film 1 with flexibility, but the form of the base 1s
not particularly limited to the film. The first base 4a and
the second base 5a can be sach formed by using, e.9.,
general high polymeric materials. Examples of the general
high polymeric materials include triacetylcellulose (TAC),
polyester (TPER), polyethylene terephthalate (PET),
polyimidé (PI), polvamide {PA), aramid, polyethylene {(PL),

polyacrylate, polyethersulfone, polysulfone, polypropylens



of an external stimulus, such as heat, light, or intrusive molecules. Examples of the chromic
material usable here include a photochromic material, a thermochromic material, a gaschromic
material, and an electrochromic material. = The photochromic material is a material reversibly
changing its structure by the action of light. The photochromic material can reversibly change
~ various physical properties, such as reflectance and color, upon irradiation with light, e.g., an
ultraviolet ray. Transition Metal oxides, such as TiO,, W03, Mo03, and Nb205, which are doped
with Cr, Fe or Ni, for example, can be used as the photochromic material. Further, wavelength
selectivity can be improved by stacking a layer of the photochromic material and a layer having
a different réfractiie* Fiek fréfit tiaC6Fthe formeriayer o T i@ thidrmoctromic-Material is a

material reversibly changing ts,structure by the,actian of heat..The thermochromic material
can reversibly change various physical properties, such as reflectance and color, upon

applicatior of tHeate Foreamplel VOR2eganbeased as tHe'thermochomic-riatérial. Other

elements, suchas W, Mc and,F, may also be added for the purpose of confralling the transition
temperature and the transition curve. Furt er, a multilayer structure may be formed by
sandwiching a thinsfilay containing,=as wamain . compenent; lthe .thefimoctiromicerraterial, e.q.,
V02, between anti-reflection layers each containing_h asa maig comgogeni, a high refractive

index mat&fiaf ¥:9., CFiG2or 1ITO" A Bhvtonic ftfics. ‘Such 384 cholestefic Tiquid

preferably 38 to 100 wn from the viewpoint of productivity,
but it is not_iimited to such a particular range. The first
base 4a or the second base 5a 1is preferably transmissive to
an energy ray. The reason ls that when the first base 4a or
the second base 5a i1s transmissive To an energy ray, an
energy~ray curable resin interposed between the first base
4a or the second base 5a and the wavelength-selective
reflecting layer 3 can be cured, as described later, by
irradiating the energy-ray curable resin with the energy ray
from the side including the first base 4a or the second base
Sa.

The first optical layer 4 and the second optical layer
5 have transparency in an exemplary case. The first optical
layer 4 and the second optical laver 5 are each obtained,
for example, by curing a resin composition. As the resin
composition, an energy-ray curable resin capable of belng
cured upon irradiation with light or an electron beam, or a
thermesetiing resin capable of being cured upon appiilcation

of heat is preferably used from the viewpoint of easiness in
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crystal, can also be used as the thermochromic material. The cholesteric liquid crystal can
selectively reflect light of a specific wavelength depending on an interlayer distance, and the

" interlayer distance is changeable depending on temperature. Therefore, the physical
properties, such as reflectance and color, of the cholesteric liquid crystal can be reversibly
changed upon heating. In this connection, a reflection band can be widened by using several
types of cholesteric liquid crystal layers having different interlayer distances. The
electrochromic material is a material reversibly changing various physical characteristics, such
as reflectance and color, by the action of electricity. The electrochromic material can be
provided, F3PEXEMBIB: as™® nidterfl Fév&rsiBl Hangng its Strlictdre upon application of
voltage, for,example ;s More spegifically, 2 seflective light control matesial chancingits reflection
characteristic with doping or undoping of a proton, for example, can be used as the
electrochromiecdhatérial. THetdrin “Feflectivec igHEEO AtroPRfatéfialihflieathaterial capable
of seleciively ontroling i optical aroperty. (0. desited one.of & ransnatept state, a mirror
state, and an intermediate state therebetween upon application of an external stimulus.
Examples:ofitheireflectivel ightcontrol-matetial usable. here iriclode fary afloy -material
containingEF@s a main com opegt, a ma nesiu,rpl-nigg%alio r%%t%gi&lﬂgrta})renaﬁn%scium-titanium
alloy materiai“Wo3, Shd‘Matetial in which needle crystals having selective reflective power
are enclosgd in-micrecapsules: thn practice cthe: firictionat fayer-ean tye=constituted, for
example, by successively stacking, on the second optical layer 5, the above-described alloy
layer, a catafyt fayercshtaifing e.§¢ PE athih bAFRT 1ayermadest;.g., Al, an electrolyte
layer made 0f;, 6.9 1a202..21 jon storage: layer pade; ofs €:0.W@3.c@ntaining protons, and
the transparent electroconductive layer. Alternatively, the functional layer can be constituted,
for example e suttessivelpstacking Cof the secerdoptical e/t 'S ahetransparent

electrocenductive layer, the electrolyte laver, an elecyrochiomic layermade,of, £8q WOS, and

r

the transparent electroconductive layer. In such a multilayer structure, when a voltage is
applied betweenithe:trapisparent électroconductive layer and aateppesed &lectrode, protons

e vl 1 dohed e PPt e Al . e
or oligomer having phosphoric acid in a functional group.
The compound containing succinic acid may he, e.g.,
(meth)acrviate containing succinic acid, preferably a
(meth)acryl monomer or cligomer having succinic acid in a
functional group. The compound containing butyrolactone may
be, e.g., (meth)acrylate centaining butyrolactone,
preferably a {meth)acryl monomer or cligomer having
butyrolactone in & functional group.

The ultraviolet curable resin composition contains,
e.g., (meth)acrylate and a photopolymerization initiator.
The uitraviolet curable resin compositlon may further

contain, when necessary, a photo-stabilizer, a flame
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wavelength selectivity, the elect chromic material is desirably stacked with a high refractive
index material, such as TiO2 or ITO. As another usable multilayer structure, the transparent
electroconductive layer, an optical transparent layer including microcapsules dispersed therein,
and a transparent electrode may be stacked on the second optical layer 5. In that structure,
when a voltage is applied between both the transparent electrodes, a transmissive state can
be obtained in which needle crystals in the microcapsules are uniformly oriented, and when the
voltage is eliminated, a wavelength-selective reflective state can be obtained in which the
needle crystals are oriented at random. [Apparatus for Manufacturing Optical 951m] Fig. 3

is a scheni&fié Vg iHustrafifig ot exdfifle GFEHITstraCtiGi bt arappatatus for manufacturing

the optical film accarding to the first embodiment. As/llustrated in &ig3nthe manufacturing
apparatus includes laminating rolls 41 and 42, a guide roll 43, a coating device 45, and an
irradiationtdevies 48re  (The'laatinating rols 2Pand4 P aré affarded ¥ be able to nip a

reflecting- Qaerﬁpﬁg?éegfo%%%{ laygr,R.and t@%éﬁ&?”&?g%ﬁéﬁ therebetween, Jhe.

reflecting-layer affixed optical layer 9 is a layer obtained by forming the wavelength-selective
reflecting layert$ enmorie principak: suiface oktherfiestoptical fayer4. The reflecting-layer affixed

optical layer 9 may furggg:r inclquLe tq[e first pﬁse 4a disgosedlon ttge other principal surface of
Ite

the first optical tayer 4 h tHe Bpposite 'dide 1o the’one principal surface thereof on which the

wavelengthrseleciivereflectingrlayes Risifesmeds dn therillustrated examiple,-the
wavelength-selective reflecting layer 3 is formed on the one principal surface of the first optical
layer 4, arictife fif€tpadE 22 dispBE_YFon & otfisr printipal Sttfacds 8Fthé firét optical layer
4. The guide ol 43 is arranged in a-ganveying -pathquithin-thesmanifacturinggappasatus to be
able to convey the optical film | having a belt-like shape. Materials of the laminating rolls 41
and 42 and thelgaideerdlpa3 areiotdiited toparticutdr oNEsCA Metal sueth 88%tainless steel,
rubber, silicgzgniaésest(_:. can be optionally used, as appropriate, depending on the desired roll

characteristics.
The photopoliymerization initiator used here can be

selected, as appropriate, from among general materials. As
examples of the general materials, benzophenone derivatives,
acetophenone derivatives, anthraquinone derivatives, etc.
can be used alone or in combination. An amcunt of the
photopolymerization initiator mixed 1s preferably 0.1% by
mass or more and 10% by mass or less of the solid content.
If the amount of the photopolymerization initiator mixed is
iless than 0.1% by mass, photo-curabllity is reduced to such
a level as being not suitable for industrial production from
the practical point of wview. On the other hand, 1f the
amount of the photopolymerizaticn initiator mixed exceeds
1C% by mass, an codor tends to remeain in a formed coating

when an amount of light emitted for the irradiation is
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The coating device 45 can be prepared as a device including a coating unit, such as a coater.
As the coater, ordinary coaters including a gravure coater, a wire bar, and a die can be
optionally used, as appropriate, in consideration of physical properties of the .resin
composition to be coated, etc. The irradiation device 46 is a device for irradiating the resin
composition with an ionizing ray, e.g., an electron ray, an ultraviolet ray, a visible ray, or a
gamma ray. In the illustrated example, a UV lamp emitting an ultraviolet ray is used as the
irradiation device 46. [Method of Manufacturing Master] A master 21 having a random fine
concave-convex shape can be fabricated, for example, by using one of the following methods

(1) to (9). VaFiots1ypetof nikstars 21 Fsving different farfdsth e cofitavEscdiivex shapes

are obtaingd by, ysing the fallowing methods«l)de (9)-(1)Method of Roughing Blank Surface
This is a method of roughing a smooth surface of a
second optical layer 5 after being cured. The solid content

includes, for example, the acrylate, the photopcolymerizatiocn
inttiator, =atc.

Preferably, the resin has such a property that a
structure can be transferred to the resin ugon, =2.¢.,
irradiation with the energy ray or applicaticon of heat. Any
type of resin, including a vinyl-based resin, an epoxy-based
resin, .a thermoplastic resin, etc., can be used as long as
the resin satisfies the above-described reguirements for the
refractive index.

The resin may be mixed with an cligomer to reduce
curing shrinkage. The resin may further contain, e.g.,
poelyisocyvanate as a curing agent. In cconsideration of
achesion between tﬁe first optical layer 4 or the second
optical layer 5 and the adjacent laver, the resin may be
further mixed Qith suitable one or more of monomers having a
hydroxyl group, a carboxyl group and a phosphoéric group;
polyvols; coupling agents such as carboxylic acid, silane,
aluminum and titanium; and various chelating agents.

The resin composition preferably further contains a
cross—linking agent. In particular, a cvclic cross-linking
agent is preferably used as the cross~linking agent. By

using the c¢ross-linking agent, the resin can be made heat-



blank (parent material), which is used to fabricate a master and which is made of, e.g., glass,
metal, ceramic or plastic, etc., by grinding with the aid of abrasive grains or sand blasting, or
by etching. The pitch of concaves and convexes formed on the blank surface can be controlled
depending on the size of the abrasive grains, the stroke and the force of the sand blasting,
and/or the number of revolutions of the blank. The etching can also be used to control the
degree of roughing and smoothing of the blank surface. Further, the concave-convex shape
can be controlled, in the case of using the abrasive grains, by taking into consideration a locus
along which the abrasive grains are swung, and in the case of the sand blasting or the etching,

by taking Fit6 toreiderstighah sgietatwhith ands Grcard BteR&ft & Yptayed to the blank

surface. ., The sandblasting gnables the:optical filg.1 febe fabricated-with different diffusion
angles in two directions orthogonal to each other in a plane or with anisotropy in diffusion

characteristicir twbldireétions ertHogonalteesach vthePiniaplane Eot é%@mple, a method

disclosed jn Japanese,nexamingd.Patent, Appligaion Publication, o 2005: 250459 can be
used as the method of fa ricating the optical film 1 by the sand blasting. (2) Method of
EngravingeBlankaSufface 1 wThis t$:a mettiod of engravingrwax- on thersurface df a blank,

258 By abricnts e MaRlel DY RN 1 2" HRReigs igsele (such as 2

diacrylate, tricyclodecanedimethanol diacrylate,
tricyclodecanedimethanol dimethac¢rylate, ethylene oxide-
modified isocyanurate diacrylate, ethylene oxide-modified
isocyanurate triacrylate, and caprolactcone-modified
tris{acryioxyethyl) lisocyanurale.

Preferably, the first base 4a or the second base 5a& has
water vapor permeability lower than that of the first
optical layer 4 or the second cptical layer 5, respectively.
For example, when the first optical layer 4 is formed by
using the energy-ray curable resin, e.g., urethane acrylate,
the first base 4a is preferably férmed by using a resin
having water vapor permeability lower than that of the first
optical layer 4 and being transmissive to the energy ray,
e.g., polyethylene terephthalate (PET). As a result,
diffusion of moisture toward the wavelength-selective
reflecting layer 3 from the incident surface 31 or the
emergent surface S2 can be reduced and detericration of a
metal, etc. contained in the wavelength-selective reflecting

layer 3 can be suppressed. Hencéf durability of the optical



a metal may be deposited on the engraved surface of the master blank by vapor deposition, for
example, thereby reinforcing the blank surface. (3) Method of Aggregating Fine Solids Onto
Plank Surface from Gas or Liquid This is, for example, a method of vapor-depositing fine
solids on the surface of a blank, which is used to fabricate the master. Fine concaves and
convexes can be formed on the surface of the master blank by carrying out the vapor
deposition while selecting a condition under which the grain size is increased, such as setting
the temperature of the blank to a lower level. Similarly, fine solids can be formed on the

surface of the master blank by setting a condition in plating to reduce the amount of a stabilizer
and other adtitie<Savhich ardastafly addd td aplating G1tfion” Atternatively, fine solids may

be aggregated.on-the: syriaeeafthe.master blank-by.spraying a selid soltion.or g dispersion
liquid in the form of very fine mist to the surface of the master blank, or by guiding the master
blank to pa<s theeigh 4Ré Very iriimist, thus causing the mist to adhere to the surface of the

master blank, followed by qyangrating.a solyent-or g digpetsion mediym, (4) Mgthod of

Placing and Fixing Fine Particles over Blank Surface Fine particles are, e.g., powders,
beads, sands, fine crystals, armicroorganisms (suchezas furguses;viruses andyplanktons). The

fine particles can be,coated over the surface of a blank, which i}useg to fabricate the master,

by applyinl(::jatﬁ:énfcfjnél f:)%rti(t:blOelsat}cf)ff(‘-:‘\‘fr‘lef51 \r}v?thta%iﬁﬁ?ﬁ&rf/‘r‘né}ﬁc binder. AlSO, thleoﬁﬁch, the height,
etc. of surface.eoncaves anskcanvenes<an beadjusied by variously ahangiag, e.g., the size of
the fine particles, a ratio of the fine particle to the binder, -and/or the amount of fine particles

applied. FaRABRWRBR th miGEorganisiis Hreriged Hfifte tontaves aitd thhvenes are formed
by colonieg;that are generated when the micraorganisms praliferate; andithe golonies having

various shapes are formed depending on the :
phosphoric compound (e.g., phosphoric ester), and the
content of the phosphoric compound differs between the first
optical lavyer 4 and the second optical layer 5. The
difference in the content of the phosphoric compound between
the first optical layer 4 and the second optical layer 5 is
preferably two or more times, more preferably five or more
times, and even more preferably ten or more times.

When at least one of the first optical layer 4 and the
second optical layer 5 contains the phosphoric compound, the
wavelength-selective reflecting layer 3 preferably contains
an oxide, a nitride, or an oxynitride in its surface
contacting with the first optical layver 4 or the second
optical layer 5 that contains the phosphoric compound. It
is particularly preferable that the Wavelengthwsele;tive
reflecting layver 3 includes a layer, which contains zinc

oxide (Zn0) or nicbilum oxlide, in 1ts surface contacting with
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type of fungus, for example. (5) Method of Utilizing Reticulations (W nk es) Generated in
Coating Layer  This is a method of obtaining fine reticulations, i.e., fine concaves and
convexes, on the surface of a blank, which is used to fabricate the master, through the steps of
coating a paint, which is prepared, for example, by dissolving a high-polymeric coating material
in an organic solvent, over the surface of the master blank, and then removing the solvent
while controlling a drying condition to be held under a particular one. As another example,
reticulations may be formed by causing a coated film to expand under heating or to absorb
moisture under a properly controlled condition. As still another example, the fine concaves and

convexes Hidy befploviedds reticiiatibngthab ars Yerstated, in“d makifdyet fiff by using

materials deyeloping different.mechanisms of chemical reactiens.inrespective layers, and by
controlling the coefficients of expansion and contraction of the respective layers. (6) Method of
Using VarioUsExisting-Materiats s L iEhigdises hvethool oEahIiZiRg paper skins,léth, ceramics,

glass panes, wood plates,roccsyrtaces, ad organjsms, including,got eolinsects, but also
outer coats, gcales, external skeletons and shells of fish, shellfish, etc., as %hey are. (7)
Method ofd=xposing-and Developing £lxotopolyrhepther reason iz that an

anticorrosion effect is increased when the wavelength-

selective reflecting laver 3 contains a metal, such as Ag.

Additionally, the wavelength-selective reflecting layer 3

may contain a dopant, such as Al or Ga. The reason is that

the dopant improves film gquality and smcothness when a metal

oxide laver is formed by, =.g., sputtering.

From the viewpoint of giving the optical film 1, the
window member 10, etc. with a visually attractive design, at
least one of the first optical layer 4 and the second
opticai laver 5 preferably has a characteristic of abkscrbing
light in a particular wavelength band within the visible
range. A pigment dispersed in the resin may be elther an
organic pigment or an inorganic pigment. In particular, an
incrganic pigment having high weatherbility in itself is
preferable. Practical examples of the inorganic pigment
include zircone gray (Co, Ni-doped ZrSi0y), praseodymium
yeliow {(Pr-doped 7r8i0y), chrome-titania yellow {Cr, Sb-
doped TiQ; or Cr, W-doped Ti0;), chrome green (such as Crz0s),
peacock blue ((CoZn)O(AiCr)203), Victoria green ((AL, Cri:Csi,
deep blue (CoG-Al,C53-510;), vanadium—zirconium blue {V-doped
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This is a method of utilizing a surface that is prepared by coating a photopolymer over the
'surface of a blank, which is used to fabricate the master, and by-exposing and developing the
coated photopolymer into an uneven pattern. The photopolymer can be exposed in the uneven
pattern by utilizing a dot pattern for use in printing, or speckles generated with interference of
coherent light (hereinafter referred to as a "laser interference method"). For example, a method
disclosed in Japanese Patent No. 4460163 can be employed as the laser interference method.
(8) Method Utilizing Photolithography and Etching This is a method of forming a random
concave-convex shape on the surface of a blank, which is used to fabricate the master, by

photolithod¥aphy and etcRifigt{9) @H?ﬁblf%ldi‘%?ﬁo?éﬁor%oﬁ/l&h%s TEHT{E 7S A method of

forming or_selecting the surfage-having andrregilar fine concaveeanyex shape that has been
formed by any of the above-described methods (1) to (8), and then carrying out any of the

above- deé?erﬁmimeﬁmd@@l)qm(@)]agmﬁ@ﬁfﬁe releViant stirface [Metho diofPMamufacturing

Optical F|Im e exam a!glog a methglgtof manufacturing the optical film according to the

first emboalmentﬁv ‘e describe

{(Reflecting Layer)

The wavelength-selective reflecting layer 3 serving as
a partially reflecting layer diffusely reflects, of incident
iight entering the incident surface, light in a specific
wavelength band, but it transmits light other than th
specific wavelength band therethrough. The wavelength-
selective reflecting layer 3 l1s, for example, a multilayer
{stacked) film, a transparent electroconductive layer, or a
functional layer. Alternatively, the wavelength-selective
reflecting layer 3 may be formed by using two or more of the
multilayer film, the transparent conductive layer, and the
functional laver in a combined manner. A mean film
thickness of the wavelength-selective reflscting layer 3 is
preferably 20 um or less, more preferably & pum or less, and
even more preferably 1 pm or less. If the mean film
thickness of the wavelength-selectlive reflecting layer 3
exceeds 20 um, the length of an optical path in which the
transmitted light is refracted is increased, and the
transmissicn image tends to distort in appearance. The
wavelength-selective reflecting laver 2 can be formed, for

example, by sputtering, vapor deposition, dip cocating, or
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below with reference to Figs. 4A to BC. Note that, in consideration of productivity, part or the
whole of a manufacturing process described below is preferably performed in a roll-to-roll
manner except for a step of fabricating the master. (Step of Fabricating Master) First, as
illustrated in Fig. 4A, a master 21 having a random fine concave-convex shape is fabricated.
The master 21 may be in the form of, e.g., a flat plate, a circular column, or a circular cylinder.
The fine concave-convex shape can be formed on the master surface by using any of the
above-described methods (1) to (9), or any combination of two or more of those methods.
Among those methods, the sand blasting method, the laser interference method, or the
method utilizing phibt8hthography and etching is preferably used. Two or more of those

methods may be used.in a combined manngr. The sand.blasting method and-the. method
utilizing photolithography and etching are described below as preferred examples. (Sand

Blasting Methied) andrigs=bAsand 5B1ate Hustrations t& explainioneexamplé 6f& method of
processin%thennggster surface by sand blasting. In the sand blasting, concaves and
convexes ate formed on the surface of a master blank 21a by ejecting abrasives 62 from a
blasting gum6l-of awsand blasting apparatus (not shown) such that the abrasives 62 are
sprayed to be impinged; against the syrface of the mastey Dlank 212 tormea sy
alternately stacking a low refractive index layer and a high
refractive index layer, which differ from each other in
refractive index. As another example, the multilayer film
is a film formed by alternately stacking a metal laver
having a high reflectance in the Iinfrared range and a high
refractive index laver having a high refractive index in the
visible range and serving as an anti-reflection layer. An
optical transparent layer or a transparent electroconductive
layer can be used as the high refractive index layer.
The metal layer having a high reflectance in the
infrared range contains, as a main component, Au, Ag, Cu, A,
Ni, Cr, Ti, Pd, Co, Si, Ta, W, Mo or Ge alone, or an alloy
containing two or more selected from among those elements,
for example. Of these examples, Ag-, Cu-, Al-, Si- or Ge-
based materials are preferabkle in consideration of
practicability. When an alloy is used as the material of
the metal layer, the metal layer prefetably contains, as a
main component, AlCu, Alti, AlCr, AlCe, ALNdACu, AlMgSi,

AgpdCu, AgPdTi, AgCuTi, AgPdCa, AgPdMg, AgPdFe, Ag, or SiB,
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The sand blasting apparatus is an apparatus for ejecting the abrasives 62 with pressurized
gas, e.g., air or nitrogen, from the blasting gun 61 and spraying the abrasives 62 to the master
blank 21a as a workpiece, thereby processing the surface of the master blank 21a. In the
illustrated example, the sand blasting is carried out under a predetermined condition,
described below, while the master blank 21a is rotated.  The abrasives 62 are preferably
grains, which are made of, e.g., resin, glass, metal or ceramic, and which have a spherical or
angled (e.g., polygonal.) shape. In particular, angled grains are preferable. Examples of the
grains include glass beads, zirconia grains, steel grids, alumina grains, and silica grains. The

mean sizef 6 tEabrasives 62 1$ préferablF £ 10 000 pimt mére prefefably 510 600 lira, and

even more preferably: 5,10.50 pm. Further sthe-weight;of ong grain-of the abrasives 62 is
preferably 0.002 to 8 mg. The master blank 21a is made of a material suitable for carrying
out the sand Blasting:Fhatwaterialis preferabhy aresitoF dmetal, siich a8 dldfminum, copper

or steel. In particular, aluminum is preferable..The size. S k is set to have a
mg%emfg?tﬁg't Ui ?ﬁ/g? :The size of the master blapk 21a

width adapta the optical film 1 having, €.g., a belt-like shape. A spraying

condition fofd¢heabrasives 62iispreferably set such that, in Fig. 5A, an angle (angle of
declination) at which the ‘abrlasives 62 are %prlayed toa priq%&a}rngacg ofatq%ain}laster blank
21a is smaller tHAIT 90"t it poife 15 Hore detall, an angle 0'formed between a principal axis
of the master blank 24 aiand theblasting gun 64 ispreferably H-t0.60;more=preferably 0 to 200,
and even more preferably of 0 to 100.  In the illustrated example, by spraying the abrasives
62 at the &igie T ®f 165 tha'pitch 5F grodviés CBh 15 madé Uiftérent betden a spraying
direction of the abrasives 62.and a.dirgctian perpendicular to the spraying.girgction.

e.g., niobium oxide, tantalum oxide, or titanium oxide. The
transparent electroconductive layer contalns, as a maln
component, ZnC-based oxide or indium-doped tin oxide. The
7nO-based oxide can be, for example, at least one selected
from among & group including zinc oxide (ZnC), gallium (Ga)~
and aluminum (Al)-doped zinc oxide (GAZC), aluminum (AL)-
doped zinc oxide (RZO}, and gallium (Ga)-doped zinc oxide
(GZO; .

The refractive index of the high refractive index layer
included in the multilaver film is preferably in the range
of 1.7 or more to 2.6 or less, more preferably 1.8 or more
to 2.6 or less, and even more preferably 1.8 dr more Lo 2.6
or less. By setting the refractive index as mentioned above,
anti-reflection can be realized in the visible range with a
£ilm that is so thin as not to cause cracking. Note that

the refractive index is measured at a wavelength of 550 nm.
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Further, a profile of surface roughness in the spraying direction can be made asymmetrical
“with respect to the principal axis (i.e., a normal line to the principal surface) of a light diffusion
sheet. The abrasives 62 having impinged against the master blank 21a cut or deform the
surface of the master blank 21a while loosing their energy, and then scatter upward of the:
master blank 21a at a certain angle. By setting the above-described spraying condition,
because. the abrasives 62 impinge against the master blank 21a at a specific angle, the blank
surface is deformed by the impingement of the abrasives 62 in different ways between the
transverse direction (X-axis direction) and the longitudinal direction (Y-axis direction). Under

the conditforfillsHated A Figs S AR 5 B, 6t example’  tefdriiéd shidpe (féteds) has a

longer sizg in the Xzaxis directiopthan inthe.Y-axis disgetion. In gtherdverds, surface
roughness in the Xaxis direction has a larger pitch than that in the Y-axis direction. The pitch
and other patanctels of ive surfate rolighrie 3 eanBE HdjistetFdepefding'dh various

parameters.of ihe. mastet blank 21e, lug Abyesiyes. 62, and.he. sand blasting conditons (such

as the conditions in spraying the abrasives 62)) For example, when the abrasives having a
larger sizel are: usedd thepitchsof.the surfaceroughmessois inceeased inboth the X-axis
~direction and the Y-axis dire(igoan. Also, whﬁn thedalggsives havir%lg a larger density are used,

grooves h&ding deepet shapes can be réalized.~ The shape of the master blank 21a after

the sand blasting imthe ejecting direction:ofthe abtasivesé2 canibe controlled.depending on
the pressure of pressurized air in the blastingg%un 61, which determines energy of the

abrasives B2'afthetifre WHEH the AbPASVES 62 hre Hj8cled: thé Bhgl SFihtblasting gun 61,

the distance between the; hlasting,gun,62:and the master blanki21a, the shape, density and
hardness of the abrasives 62, the material quality of the master blank 21a, etc. The shape of

the master bfarikc2i dcafisritie saneblastingihw diteétioh perpendiciiarigd 12¢

nm or less, more preferably 10 nm or more and 100 nm or less,
and even more preferably 10 nm or more and 80 nm or less.
Tf the mean film thickness is less than 10 nm, the high
refractive index laver is more apt to reflect the wvisible
light. On the other hand, if the mean film thickness
exceeds 120 nm, the high refractive index layer is more apt
to reduce transmittance and to cause cracking.

The multilayer film is not.limited to a thin film made
of an inorganic material, and it may be formed by stacking a
thin fiim mede of a high polymeric material, or a layer
containing fine particles, etc. dispersed in a high
polymeric material. Further, a thin buffer layer made of,
e.g., Ti and having a thickness of several nanometers may be
formed at the interface between the formed optical

transparent layer and the adjacent layer for the purpose of



the ejecting direction of the abrasives 62 can be controlled depending on the shape and
hardness of the abrasives 62. Further, because the locus along which the abrasives 62 deform
the master blank 21a while loosing energy and the locus along which the abrasives 62 are
scattered from the master blank 21a by the action of repulsive forces are not symmetrical, the
master blank 21a can be sand-blasted to have a surface shape that is asymmetrical with
respect to the principal axis of the master blank 21a. By employing the master that has
been fabricated under the above-described spraying conditions, the optical film | can be
fabricated such that it has different diffusion angles between the longitudinal direction and the
transverse Bir&elibn 8o Orthat i€ AA8 Hhidotropy it difti&ion Characteristic between the
longitudinaldireetianand:the transverse digaction thereef Under thespraying condition for the
abrasives 62 as illustrated in Figs. 5A and 5B, for example, a diffusion angle of light reflected
by or passifgtarough tAe astércpeik 2 18 < rétativeRF harrdik it tiie X-Uiréttion and is
relatively wide in the Yrdirection, and a hrightness peak in diffusiencharactesistic is shifted
toward the Xi side in the X-direction.  Stated another way, in addition to that a diffusion
angle of lightreflectedbynapaksing thratigh e aste? tank P14 istretativély narrow in the
X-directior}gydeig relatively wide in the -direction, when angle dependency of the brightness of
light diffused gy a diffusion surface after having being emitted to enter that diffusion surface at
an incident angle of f-is-meastresk; aniaxisiofemaximum brightness is inclined toward the X1
side with respect to the normal direction to the principal surface af the I'i%htEQiffusion sheet, and
a. brightness diSthButibAEraSymmEtHCaH Wit FeShect 1o theYaxis 6f maximum brightness.
Further, as.the blasting gun 61.s arranged-ia.a-posture:lying morechorizentally relative to the
master blank 21a, namely, as the angle 0 is set to a smaller value, it is possible to increase a
|ater-deschiB&a 1éAgtHWISE o WIdHWIdETaTS Sfthe diffliston Hhgié ot the ITght Yiffusion sheet,

and to proyide a higher, effegt that is abtaingd with anisetropy.of the diffysion characteristic.
The abrasives 62 are ejected from the blasting gun 61 at an angle O between its center axis

and the masterdilank 2&a witltran anglecwidth-a abbtd HEE TEHtEr axis. In other words, the
abrasives 2 enterand mpinge aganstihe magter pignk 21aithin,an angle ragge of pl to p2.
The angle Width & is usua y about 10". ~ When sand-blasting the master blank 21a in a.
smaller areatheianglewntdthraris settoa smaller tvaleae, or tive distanced. between the blasting
gun 61 and the master blank 21a is set to a,sd‘naller value. When %and-bl%stin%the

oxide, indium-doped zinc oxiae, and antimony-doped Lin OXiGe.

4 layer alternatively usable here may contain nano-particles

of the above-mentioned materials, or nanc-particles, nano-

rods or nano-wires of an electroconductive material, e.y., a

metal, which are dispersed in a resin at a high density.

(Functional Laver)

The functicnal layer contains, as a maln component, a
chromic material of which reflection performance, for
example, is reversibly changed upon application of an

external stimulus. The term "chromic material®™ implies a

material reversibly changing its structure upon application
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master blank 21a-in a larger area, the blasting gun 61 or the master blank 21a is smoothly
moved while the sand blasting is continued. In the illustrated example, while continuously
ejecting the abrasives 62 from the blasting gun 61, the blasting gun 61 is scanned over the
master blank 21a such that the brinCipal surface of the master blank 21a is entirely
sandblasted. (Method of Processing Master Surface by Photolithography and Etching)

Figs. 6A to 6E illustrate successive steps to explain one example of a method of processing
the master surface by photolithography and etching. (Resist Layer Forming Step) First, a
resist layer 71 is formed on the surface of the master blank 21a, i.e., a workpiece, (see Fig.

6A). The riasfer Brank2ta, & I wWotkpiaee' rﬁéylb‘éailnth@lﬁm:n of e grapiaté a sheet, a

film, a blogl,,a circular celumn, a circular,cylinder, or a,gireular ring..The resist layer 71 can be
made, for example, of an inorganic resist or an organic resist. When the master blank 21a is in

the form of acdirclar coturmrror eylindes theiresistdayer Flrdsipreferaily f6emed orf the outer

circumferential,surface of the circular column or YINET or: o o ceral.

The photochromic material is a material reversibly
changing its structure by the action of light. The
photochromic material can reversibly change varicus physical
properties, such as reflectance and color, upon irradiation
with light, e.g., an ultraviolet ray. Transition metal
oxides, such as TiOz, WOz, MoO;, and Nb:0;, which are doped
with Cr, Fe or Ni, for example, can be used as the
photochromic material. Further, wavelength selectivity can
be improved by stacking a laver of the photochromic material
and a layer having a different refractive index from that of
the former laver.

The thermochromic material 1s a material reversibly
changing its structure by the acticn of heat. The
thermochromic material can reversibly change various
physical properties, such as reflectance and color, upon
application of heat. For example, V0O, can be used as the
thermochromic material. Other elements, such as W, Mo and F,
may also be added for the purpose of controlling the
transition temperature and the transition curve. Further, a
multilayer structure may be formed by sandwiching a thin

film contalining, as a main component, the thermochromic



(Exposure Step) Next, the resist layer 71 is illuminated with light LI, such as a laser beam,
to form exposed portions 71a in the resist layer 71 at random (see Fig. 6B). The exposed
portions 71a formed in the resist layer 71 may have, e.g., a circular or substantially circular
shape. (Developing Step)  Next, the resist layer 71 including the exposed portions 71a
formed therein is developed. As a result, openings 71b corresponding to the exposed portions
71a are formed in the resist layer 71 (see Fig. 6C). The openings 71b preferably have circular
shapes differing in radius. Although Fig. 60 illustrates an example in which the openings 71b
are formed in the exposed portions 71a by using a positive type resist as the resist layer 71,

the resist i8aBfd-Aitre §s Aot liHTited 16 THE PoSitive T7HEL 7T TS WOYS tHe*EXposed portions

may be left by using.a negative type resistas-the resistjayer 71 (Etching-Step)  Next, the
surface of the master blank 21a is etched by using, as a mask, the resist layer 71 including the

openings T4bsformed therein."A8:a #&silfCrecesses 72 having different depths and/or different
radii are formed,in the surface of the master. blank 21a (see Fig: 6D); Each of the recesses 72
preferably has a partially spherical shape. The term "partially spherical shape” implies a shape
that is crystal, can also be used as the thermochromic material.

The cholesteric ligquid crystal can selectively reflect light

of a specific wavelength depending on an interlaver distance,

and the interlayver distance 1is changeable depending on

temperature. Therefore, the physical properties, such as

reflectance and color, of the cholesteric liguid crystal can

be reversibly changed upon heating. In this connection, a

raflection band can be widened by using several types of

cheolesteric ligquid crystal layers having different

interlayer distances.

The electrochromic material is a material reversibly

changing various physical characteristics, such as

reflectance and color, by the action of electricity. The

alectrochromic material can be provided, for example, as a

material reversibly changing its structure upon application

of voltage, for example. More specifically, a reflective

light contrel material changing its reflection

characteristic with doping or undoping of a proton, for

example, can be used as the electrochromic material. The

term "reflective light control material’™ implies a material

capable of selectively controlling its optical property to
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obtained by cutting part of a spherical shape or a substantially spherical shape. The etching
can be practiced, for example, as dry etching or wet etching. From the viewpoint of simplicity in
equipment, the wet etching is more preferable. Further, the etching can be practiced, for
example, as isotropic etching or anisotropic etching. The isotropic or anisotropic etching is
preferably selected, as appropriate, depending on the desired random concave-convex shape.
(Resist Peeling-off Step) Next, the resist layer 71 formed on the surface of the master
blank 21a is peeled off, when necessary, by ashing, for example. (Plating Step) Next, the
concave-convex surface of the master 21 may be subjected to platinﬁ,gwhen necessary, to

form a plafisd idyér §Génh 36 & nidkapiarsd fayer tr Ph&haster 21 haviny théfandom
concave-convex,shapeds obtained,with-the,abaverdescrined steps(Tsansfer Step)

external stimulus. Examples of the reflective light contrel
material usable here inciude an allcocy material containing,
as a main component, a magnesium-nickel alloy material or a
magnesium—titanium alloy material, WOz, and materials in
which needle crystals having selective reflective power are
enclosed in microcapsules.

Inrpractice, the functiocnal layer can be constituted,
for example, by successively stacking, on the second optical
layer 5, the above-described alloy layer, a catalyst layer
containing, e.g., Pd, a thin buffer layer made of, e.g., Al,
an electrolyte layer made of, e.g., Tax0s, an ion storage
layer made of, e.g., WO; containing protons, and the
transparent electroconductive layer. Alternatively, the
functional laver can be constituted, for example, by
successively stacking, on the second optical layer 5, the
transparent electroconductive layer, the electrolyte laver,
an electrochromic layer made of, e.g., WOz, and the
transparent electroconductive layer. In such a multilayer
structure, when a voltage is applled between the transparent
electroconductive laver and an opposed electrode, protons
contained in the electrolyte layer are doped into or undoped
from the alloy layer. As a result, the transmittance of the

alloy layer is changed. Further, in order to incresase the



Next, as illustrated in Figs. 45 and 6E, the random concave-convex shape of the master 21 is
~transferred to a resin material in the form of a film by, e.g., the hot extrusion method or the
transfer method. The transfer method can be practiced, for example, by a process of pouring
an energy-ray curable resin into a mold and irradiating the resin with an energy ray to cure it,
or a process of applying heat or pressure to a curable resin, or a process of supplying a resin
film from a stock roll and transferring the shape of a die to the resin film while applying heat
(called a laminating transfer method). As a result, the first optical layer 4 having the random

concave-convex surface on one principal surface thereof is formed as illustrated in Fig. 40.
Further, a&fllfstEateehinSrigE 40, theirst optigar 1ayer a7 mayb&dofmet ort the first base 4a.

This case gan;be practiced, for example;bya progess:of supplyiRg the firstbase 4a in the form
of film from a stock roll, coating an energy-ray curable resin on the first base 4a, pressing the

resin againsta die td tfanster 1€ shape ofthiendie testHe! resinand diradidtiig B¢ Fésin with an

energy ray 1o cure it Prefergbelx,etgltergesép} Qerct}g% é:o_{g%i@ a ggogg—éip&@g agent. The reason is

.L& nsparﬁnL %W,
that the cross-linking ' makes the resin heat-resistant without changing the storage modulus at
the room temperature: to aelarge extént i{Fdnm Forming=Stepy) i Nextsas ilustrated in Fig. 7A,
the wavelengthselectiVe reflecting Ia%er g IS formggl on ?Eh one rinﬁié)aél scurIlace of the first
. =y @] crrode aay. i 3
optical lay8F4. The FaRIERGIn-Safective Yeflstling layet 3'6an be formad “for example, by
sputtering sgvaparation..cVD (Chemicat VaparDepesmilon), dip-coating, die coating, wet
coating, and spray coating. Next, as illustrated in Fig. 76, the wavelength-selective
applied hetween both the transparent electrodes, &
transmissive state can be obtained in which needie crystals
in the microcapsules are uniformly oriented, and when the
voltage is eliminated, a wavelength-selective reflective
state can bs cbtained in which the needle crystals are
oriented at random.
[Apparatus for Manufacturing Optical Tilm]
Fig. 3 is a schematic view i1llustrating one example of
construction of an apparatus for manufacturing the optical
film according te the first embodiment. As illustrated in
Fig. 3, the manufacturing apparatus includes laminating
rolls 41 and 42, a guide roll 43, a coating device 45, and
an irradiation device 46.
The laminating rolls 41 and 42 are arranged to be able
to nip a reflecting-layer affixed optical layver 9 and the
second base 5a therebetween. The reflecting-layer affixed
optical layver 9 is a layer obtained by forming the

wavelength~selective reflecting laver 3 on one principal
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reflecting layer 3 is subjected to annealing as indicated by 31, when necessary. The,
temperature of the annealing is in the range of, e.g., 100C or higher to 250C or lower.
(Embedding Step)  Next, as illustrated in Fig. 7C, aresin 22 in a notyet-cured state is coated
over the wavelength-selective reflecting layer 3. The resin 22 May be, e.g., an energy-ray .
curable resin or a thermosetting resin. The energy-ray curable resin used here is preferably an
ultraviolet-ray curable resin. Next, as illustrated in Fig. 8A, a laminate is formed by placing the
second base 5a over the resin 22. Next, as illustrated in Fig. 86, the resin 22 is cured by
applying, e.g., an energy ray or heat as indicated by 32, vyphile ressure, is qeplied to the
laminate &% indicatedf by $3. EXamAIES Bithe '€iérgy ray UsSable hers inclide an electron ray,
an ultravigletray, a visible ray,And asgammaygay.dhe ultravielet riay 1S mere-preferable from
the viewpoint of production equipment: Preferably, an integrated irradiation amount is selected,
as approptiate;iFresnsideratibh Gfthrrclriig cHatracterfstit=6f the fésin stppression of

yellowing of the resin and the second base.Sa.eig. The pressure.applied tothe laminate is
preferably ih the range of 0.01 MPa or higher to | MPa or lower. If the applied pressure is
lower thars0:0%k MPahaproblem niaycbechrinvtravefing ot the filfit 0 thelothet Hihd, if the

applied pressure exceeds 1 MPa, a metal roll.is to be used as the nip roll, and the applied
pressure is hiore ‘gépﬁogﬁj%?l%fe. ﬁlro%b% %.hie1 a %{/Eé- escr}i{geé stéps, as illustrated in Fig. 80,
the secondoptical layerb is dormedrer the waveleagth-selectivie reflecting tayer-3and the

optical film 1 is obtained. A method ofFforrr_ling the opj)tical film % b;gu in%;nthe manufacturing
apparatusPiifiEtrated inEiG? 2 il B @eScribed iR tofe detail beldw” First, the second base

5a is let out;from ghase supply; rall faetishown)-andithe Igt-out segonehase Savis guided to
pass under the coating device 45. Next, an ionizing-ray curable resin 44 is coated by the

coating device 85761 the'Setond BasE Ba paliing tinder The coating®davice 48 “Nekt, the

second bage 5@ soated Wit ihe ionizing-1ay.curable resin A is ganeyedionard the
laminating rolls 41 and 42, On the other hand, the reflecting-layer affixed optical layer 9 is let

out from antdptical lager suppheroib (rictshéwh) ahd isvéarveyéd toward thé Tarfinating rolls 41
and 42. N%ﬂgtégggfgogg Qggel%?‘h?rqgttjhr?grerﬂoeﬁiggéfllaya%d 42 and the guide
rall 43 are not limited to particular ones. A metal such as
stainless steel, rubber, silicone, etc. can ke optionally
used, as appropriate, depending on the desired roll
characteristics.

The coating device 45 can be prepared as a device
including a coating unit, such as a coater. As the coater,
ordinary coaters including a gravure coater, a wire bar, and
a2 die can be optionally used, as appropriate, in
consideration of physical properties of the resin
composition to be coated, etc. The irradiation device 46 1is
a device for irradiating the resin composition with an

ionizing ray, e.g., an electron ray, an ultravioclet ray, a
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affixed optical layer 9, each having been conveyed in such a way, are sandwiched between
the laminating rolls 41 and 42 without allowing bubbles to enter between the second base 5a
and the reflecting-layer affixed optical layer 9, whereby the reflecting-layer affixed optical layer
9 is laminated on the second base 5a. Next, the second base 5a including the laminated
reflecting-layer affixed optical layer 9 is conveyed along an outer circumferential surface of the
laminating roll 41 while the irradiation device 46 irradiates the ionizing-ray curable resin 44 with
the ionizing ray from the side including the second. base 5a, thereby curing the ionizing-ray
curable resin 44. As a. result, the second base 5a and the reflecting-layer affixed optical layer
9 are affixedtbPé4ck dihePivith HET6hiZMg-ray Cufdbie'resiy 44ihtérposdd tierebetween, and

the objective gpticalfilm 1:having aiong size is fahricated, Next, the fabricated belt-shaped
optical film 1 is taken up by a take-up roll (not shown). Eventually, a. stock roll in the rolled

form of the beitdshaped ojsticalfilrhel is obtained. Given that the process temperature in the
above-de ikl%d proce of ;ormin&the gecond.optical layer 5 is too, the first optical layer 4 in
the curedss[%gaeté f))refgf"ab ?/rﬁlafsaﬁ'\él"stc?r%gear%oedmus of 3 x 107 Pa or more at (t - 20)C. Herein,
the process tenperaturert is] forexample rtheitheafing:temperatare of the [aminating roll 41. .

The first optical layer 4 is cgnveygd, for examgle,bin %usquja state (t)i}at he first optical layer 4 is
formed on‘the fifst bise 45 aR iSConveyad aong the faminating roll 41 with the first. base 4a

interposed-therebstween: dtiss therefore, @mpirically. sopfienedsthat the actual temperature of
the first optical layer 4 is about (t - 20)0. Accordingly, by setting the storage modulus of the first
optical layBf A& 3 kTG Pal 6 mbtretat it - 2OYC thetahdom T oheaveitonvex shape of the
interface inside; the,opticaklayer.can be prevented. fram deforming, due)to application of heat or

both of heat and pressure.

(1) Method of Roughing Blank Surface
This is a method of roughing a smooth surface of a

blank (parent material), which is used to fabricate a master
and which is made of, e.g., glass, metal, ceramic or plastic,
etc., by grinding with the aid of abrasive grains or sand
blasting, or by etching. The pitch of concaves and convexes
formed on the blank surface can be controlled depending on
the size of the abrasive grains, the stroke and the force of
the sand.blasting, and/cr the number of revolutions of the
blank. The etching can also be used to control the degree
of roughing and smoothing of the blank surface. Further,
the concave-convex shape can be contrelled, in the case of
using the abrasive grains, by taking into consideration a
locus along which the abrasive grains are swung, and 1n ths
case of the sand blasting or the etching, by taking into

consideration an angle at which sands or an etchant is
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Further, the first optical layer 4 preferably has the storage modulus of 3 x 109 Pa or less at
25C. With such a property, the optical film 1 can be given with flexibility at the room
temperature. Hence, the optical film 1 can be fabricated, for example, by using the roll-to-roll
manufacturing process. In consideration of the heat resistance of the resin used as the
‘optical layer or the base, the process temperature t is preferably 200C or lower. However,
when a resin having higher heat resistance is used, the process temperature t can be set to
200C or higher. According to the first embodiment, since the optical film includes the
diffusely reflecting surface having the random concave-convex shape, the generation of the
diffraction Patteraccary be suppressett Al36< since the master 21 having the random

concave-conveﬁﬁgrfgggdsb@bsrgqggde 18- G tp@esggg hlasting methad, the laser interference
; N .

method, or the method utilizing photolithography and etching, the number of days necessary
for processiriy to-febricatetthedmésSteroande greatly reduced. 1n Mmvecontrastiwhen a

roll-shaped master ha,ving a width of 100.cm or Iarger and a qiiameter Qf 20 cm or larger, for
ortnogonal . t8 each other in a plale or with anisotr in
example, isfa ficated ina regi itar’ concave-cornvex Shape as per design 6r'the purpose of

controllingtherdisectionof ight 4«efleeted by aswopticatfitmeadotettime>and aast are taken.
Another problem is that, if any trouble such as an earthquake occurs during the processing

time, the MaSterBetomes dnisabie:  EuriierRattordiny o e firstembodiment, since the

wavelengthsselectiveygllectingJayer 3-as a-partiallyreflecting layer isformed prvthe diffusely
reflecting surface to which the random concave-convex shape of the master has been

transferred “parft ofthe sunlightcar bereflettdd bptartRir tHe sk IMotBoVEF Sifice the

random coglqgﬁ/efcggvg§esk@ag§dogE@g{ig%qptical layer 4 is embedded with the second optical
layer 5 having
(2) Method of Engraving Blank Surface

This is a method of engraving wax on the surface of a
blank, which is used to fabricate the master, by using, e.g.,
a sharp-pointed needle (such as a diamond needle). Further,
a metal may be deposited on the engraved surface of the
master pblank by vapor deposition, for example, thereby
reinforcing the blank surface.

(3) Method of Aggregating Fine Solids onto Blank Surface
from Gas or Liguid

This is, for example, a method of vapor-depositing fine
solids on the surface of a.blank, which is used to fabricate
the master. Fine concaves and convexes can be formed cn the
surface of the master blank by carrying out the vapor
deposition while selecting a condition under which the grain
size is increased, such as setting the temperature of the

blank to a lower level. Similarly, fine solids can be
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substantially the same refractive index as that of the first optical layer 4 and the second optical
layer 5 has the smooth surface, it is also possible to clearly view a transmission image. <2.
Second Embodiment> Fig. 9A is a sectional view illustrating one example of structure of an
optical film 1 according to a second embodiment. In the second embodiment, the same or
corresponding components as or to those in the first embodiment are denoted by the same
symbols, and description of those components are omitted. The optical film 1 according to the
second embodiment differs from the optical film according to the first embodiment in that the
former is a semi-transmissive optical film having diffuse reflective power and it includes a
semi-transthisgive fayer52 wsta partiafly fefleBing tayér The Bénfisttansmissive optical film

having diffysereflective pawer. fiffusely.reflects pact ghiggidentlight. but j rapsmits the
remaining part of the incident light therethrough. Fig. 9B is an enlarged sectional view to
explain thefgnetitie of dhid opticad filmhactordirg te thélsecortkentvodinrént: The optical film 1
has an incisdelnt surface Si]t on which %9ht Ifi.s incisdeir;td The opgcal film 1 diffuge(l% reflects light

LA, which is p%\?t] of the ﬁghf9 "éntering the incident sursfaglg%l, svh&f%gﬁgﬁgmelttlng the remaining

light LB therethsaughcd herditiusety: seflectetklightdg preterably light primarlylfatling: within the
wavelength band of 400 nm or longer to 2100 nm or shorter. The semi-transmissive layer 52
serving asthepartiHiy- Tefilctin@iayer s &¥entitiingmidsive refldetiyihybr thafcuts off, for

example, Rot-enly.infrareddights but alsa visible-light at the: same time; skhus dhen .
semi-transmissive reflecting layer has semi-transmissivity in, e.g., the visible range and the
near infrare® rarife. THE SEMIithanshiigsiveveffetting [2YEF nay belJof BRafiplé, A%hin metal

layer or metal nitride, layer containing a semiconductive material, From.the,yiewpoint of
improving anti-reflection property, color tone adjustment, chemical
evaporating a solvent or a dispersion medium.

{4) Method of Placing and Fixing Fine Particles over Blank
Surface

Fine particles are, e.g., powders, besads, sands, fine
crystals, cor microorganisms (such as funguses, viruses and
planktons). The fine particlies can be coated cover the
surface of a blank, which is used to fabricate the master,
by applying the fine particles together with a high-
polymeric binder. Also, the pitch, the height, etc. of
surface concaves and convexes can be adjusted by wvariousiy
changing, e.g., the size of the fine particles, a ratio of
the fine particle to the binder, and/or the amount of fine
particles applied. Further, when the microorganisms are
used, fine concaves and convexes are formed by colonies that
are generated when the microorganisms proliferate, and the

colonies having various shapes are formed depending on the
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wetting, reliability against environmental degradation, etc., the semi-transmissive reflecting
layer is preferably formed in a multilayer structure stacked with, e.g., an oxide layer, a nitride
layer, or an oxynitride layer. The metal layer having a high reflectance in the visible range
and the infrared range can be made of materials containing, as a main component, Au, Ag, Cu,
Al, Ni, Cr, Ti, Pd, Co, Si, Ta, W, No or Ge alone, or an alloy containing two or more selected
from among those elements, for example. Of those examples, Ag-, Cu-, Al-, Si- or Gebased
materials are preferable in consideration of practicability. To retard corrosion of the metal layer,
an additional material, such as Ti or Nd, is preferably mixed in the metal layer. The metal
nitride layéreandde fvadedf, g5, FINTCFN, or WN. The mean film thickness of the
semi-transyuissive Jayer. 52,¢an he set. for example, in the range.af,2 am or.moge to 40 nm or
less. However, the film thickness of the semi-transmissive layer 52 is not limited to such a
range so long as thezsemi-tiansmissive layer 52 has semi-transmissivity in the visible range
and the near infr%r,ed r,angaf. Herein, the term "semi-transmissivity” implies that the
transmittance at waveléng NSs g&oonmoor“T?ﬁ]I(:jleIF'%m”dl 1600 nm or shorter is preferably 5% or
more and 70% ardessymorerpreferablyQ%oar moresand 6690 «f less; and,everi atore
preferably 15% or more and 55% or less. Also, the term "semi-transmissive layer" implies that

the transmiittant&atwabelngthsof 560 Fif GHionGBF Andr1666 rith B siidrter is preferably 5%

or more and 70% orJess; more, preferahly;10%;.or moreand 600610r, less,and even more
preferably 15% or more and 55% or less. <3. Third Embodiment> In a third embodiment,
the same 6feBrresponding comMponsnts &S o tHuse mtthe! first EmBddifienat afe denoted by

the same symbols, and desgription of those coMpqnents.are, gitted An.optical film 1

according to the third embodiment differs from the optical film according to the first

embodimertinthat thé:former diffusely reflects lightiifna spetific waveterngthibands but it

scatters Ii%ht other than the specific w velen%th b%d.agoetogycgyignm .1 according to the third
r efe‘ring the mcﬁentﬁgﬁt?‘f‘ﬁé light scatterer is

embodiment inclided’a Tight skattersr for sca
reticulations may be formed by causing a coated film to
expand under heating or to absorb molsture under a properly
controllied condition. A&As still another example, the fine
concaves and convexes may be provided as reticulations that
are generated, in a multilayer film, by using materials
developing different mechanisms of chemical reactions in
respective lavers, and by controlling the coefficients of
expansion and contraction of the respective lavers.
{6) Method of Using Various Existing Materials

This is a method of utilizing paper, skins, <loth,

ceramics, glass panes, wood plates, rock surfaces, and
organisms, including not conly insects, but also outer coats,

scales, external skeletons and shells of fish, shellfish,

etc., as they are.
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disposed, for example, in at least one of positions on the surface of the optical layer 2, inside
the optical. layer 2, and between the wavelength-selective reflecting layer 3 and the optical
layer 2. Preferably, the light scatterer is disposed in at least one of positions between the
wavelength-selective reflecting layer 3 and the first optical layer 4, inside the first optical layer
4, and on the surface of the first optical layer 4. When the optical film 1 is affixed to a support
such as a window member, if can be affixed to either the indoor side or the outdoor side of the
support. When the optical film 1 is affixed to the outdoor side, the light scatterer for scattering

the light other than the specific wavelength band is preferably disposed only between the
wavelength/sefégtiveTeflectingIayar 3Pafd tRESUppor stth ad thefindow member. The

reason is that if the light scattereris Bresanthetween the wavelength-selective reflecting layer
3 and the incident surface, the diffuse reflection characteristic is lost. Also, when the optical

film 1 is affixedasatheindeor side, thelightscatierer isrefélzbly disicsed between the
emergent surface on the sjde opposite to.the affixed surface,af,the gptical film 1 and the

Wavelength-senlebtlve reflecting layer 3. Fig. 10A is a sectional view illustrating a first example
of structure:gfahiengptical filav&laccording o the tthirdemibodiment: As:illustrated in Fig. 10A,
the first optical Iayerﬁ,%gngﬁludesTar\1 resin %nd f'Te grticlesklji. Th}? gigg £%r£ic£%sell have a
refractive iliiw%ee‘ieaiff)e“rlngefr%m that of’ %hoe r&sin, Which s a r%a?n%omponent material of the first
optical layer4vEorexample 3t least one-king ef-erganie fine patticles and inorganic fine
particles can be used as the fine particles 11. The fine particles 11 may be hollow fine
particles. Exampl&8 of the Tifé particl8&FI fdtde ihbrgdhic firfe particles made of, e.g., silica

or alumina, and.-organic fine particles made of, €9, .Styrene,acryhiqr-a.copolymer of the
formers. Among those examples, silica fine particles are particularly preferable.  Fig. 10B is

a sectional viewy ffustrating arsecond examipleersirictutensiitieropticalfiifFd aécording to the
third embodiment, As,llusirated,in Fig. 198, the aptical i, 1 furthet inclydes a light diffusion

layer 12 on the surface of the first optical layer 4. The light diffusion layer 12 includes, for
example, aresinfamd:fine particlds. The fine particles can be made of the same materials as

those useq ér)l tt\l&% &boo eﬁggfggggg fg% @é?{nt%lggfé h%]OOa s, %%%%ti%réal view illustrating a third

This is a method of forming a random concave-convex
shape on the surface of a blank, which is used to fabricate
the master, by photolithography and etching.

{9) Combination of Foregolng Methods

This is a method of forming or selecting the surface
having an irregular fine concavewconfex shape that has been
formed by any of the above-described methods {1) toc (8}, and
then carrying out any of the above-described methods (1) to
{8) again on the relevant surface.

[Method of Manufacturing Optical Film]
One example of a method of manufacturing the optical

fiim according to the first embodiment will be described



example of structure of the optical film 1 according to the third embodiment. As illustrated in
Fig. 100, the optical film 1 further includes a light diffusion layer 12 between the
wavelength-selective reflecting layer 3 and the first optical layer 4. The light diffusion layer 12
includes, for example, a resin and fine particles. The fine particles can be made of the same
materials as those used in the above-described first example.  According to the third
embodiment, it is possible to diffusely reflect the light in the specific wavelength band, e.g., an
infrared ray, and to scatter the light other than the specific wavelength band, e.g., visible light.

Hence, a visually attractive design can be given to the optlcal film 1 by making the optical film
1 cloudedP&A°Fotiriil EfbGARRERLT ® 195 42 to 8C. lote fhat, in

consideration of productivity, part or the whole of a
manufacturing process described below 1s preferably
performed in a roll-to-roll manner except for a step of
fabricating the master.

(Step of Fabricating Master)

First, as illustrated in Fig. 4A, a master 21 having a
random fine concave-convex shape 1s fabricated. The master
21 may be in the form of, e.g., a flat plate, a circular
column, or a circular cylinder. The fine concave-convex
shape can be formed on the maéter surface by using any of
the above-described methods (1) to (9}, or any combination
of two or more of those methods. Among those methods, the
sand blasting method, the laser interference method, or the
method utilizing photolithography and etching is preferably
used. Two or more of those methods may be used in a
combined manner. The sand blasting method and the method
utilizing photolithography and etching are described below
as preferred examples.

(Sand Blasting Method)

Figs. 5A and 5B are illustrations to explain one
example cof a method of processing the master surface Dy sand
blasting.

In the sand blasting, concaves and convexes are formed

on the surface of a master blank 2la by ejecting abrasives



Fig. 11 is a sectional view illustrating one example of structure of an optical film according to a
fourth embodiment. In the fourth embodiment, the same or corresponding components as or to
those in the first embodiment are denoted by the same symbols, and description of those
components are omitted here. The fourth embodiment differs from the first embodiment in that
the former further includes a self-cleaning effect layer 51, which develops a cleaning effect in
itself, on an exposed surface of the optical film 1 on the side oppositely away from one of the
incident surface Sl and the emergent surface 52 thereof, which-is affixed to the adherend. The
self-cleaning effect layer 51 includes, for example, a photocatalyst. For example, TiO, can be
used as thiephéticataly/ste -1 R9Ag Yestlibed abovac e dpticaFfifRacis featurédn transmitting

part of theJncidentlight therethrough, Whenthe.optical film.-1 js uised autdqors.ofin a dirty
room, for example, light is scattered due to dirt and dust adhering to the surface of the optical

film 1, wherebyriganshiissivitysarrd véflastivitye are fostl Thieréfore, the surface of the optical film
1 is preferably o tigaélg ntéarﬁ%asrﬁeint ataall g@?& Iniosthgr V\éorgg ittia Dpreferable that the surface
of the optical film 1 is superior in the W5>l%r-repeﬁent or%yd?opﬁﬁic property and it can
automaticaly: develop the setikeleaning 2ffecth prAccarding o ¢he foarth.embiodiment, since
the optical film 1 includes the self-cleaning effect layer 51, the water-r%pellent or hydrophilic

y
property, t6-E8ABe giveh t6'the’inéitient Suftdce HaRCe it i€ hosdibie to suppress dirt and

dust from adheging:to the incident suface and ia sepprass degradatienf theediffise reflection
characteristic. <5. Fifth Embodiment> Fig. 12 is a sectional \Qiew illustrating one example of
structure GTIT OPHEAF filricactoititg td a fifi SPBGAIMERET theFifth efbodiment, the same

or corresponging components,as ordothose.inhe first emhodiment.are denoted by the same
symbols. The fifth embodiment differs
a predetermined condition, described below, while the master

blank 2la is rotated.

The abrasives 62 are preferably grains, which are mace
of, e.g., resin, glass, metal or ceramic, and which have a
spherical or angled {e.g., polygonal} shape. In particular,

~angled grains are preferable. Examples of the grains

include giass beads, zirconia grains, steel grids, alumina
grains, and silica grains. The mean size of the abrasives
62 is preferably 1 to 1000 uym, more preferabkly 5 to 600 um,
and even mere preferably 5 to 50 pwm. Further, the welight of
one grain c¢f the abrasives %2 is preferably 0.00Z to 8 my.

The master blank 2la is made of a material suitakle for
carrying out the sand blasting. That material is preferably
a resin or a metal, such as aluminum, copper or steel. In
particular, aluminum is preferable. The size of the master

hlank 21a is set to have a width adaptable for that of the
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from the first embodiment in that, as illustrated in Fig. 12, thendom concave-convex shape of
the first-optical layer 4 is formed by using beads 53.  Many beads 53 are buried in one
principal surface of the second optical layer 5 such that the beads are partly projected from the
one principal surface. Further, a focal point layer 54, the wavelength-selective reflecting layer
3, and the first optical layer 4 are successively stacked on the one principal surface of the
second optical layer 5 in which the beads 53 are buried. The beads 53 have a spherical shape,
for example. The beads 53 preferably have transparency. The beads 53 are made of an
inorganic material, e.g., glass, or an organic material, e.g., a high-polymeric resin, as a primary
componeritPt  Citlisprefetaliie that thé béads’534re profécted6m the second optical layer 5

in different amoynts, and/gg that the beads 33 have different sizes. As aresult,the shape of

the wavelength-selective reflecting layer 3 on the first optical layer 4 can be changed at
random. <& SixticEntbediment'ig . \While ¢he irsilemiodinteritthas beeredéseribed above, by

way of example, in connection Wi cass of apiing the presenttaghnology g dhe window
member, émbodiments of the present technology are not limited to the above-described
application antheande:-irtherapplied to variousLmtetiorangiléxteriorimembers; .etc. other than
the window member, , . _— :

in more detall, an angle 6 formed between a principal axis

of the master blank 2l1a and the blasting gun €1 is

preferably 0 to 609 more preferably 0 to 20° and even more

preferably of 0 to 10°.

In the illustrated example, by spraying the abrasives

62 at the angle 6 of 10°, the pitch of grooves can be made

different between a spraying direction of the abrasives 62

and a direction perpendicular to the spraying direction.

Further, a profile of surface roughness in the spraying

directicon can be made asymmetrical with respect to the

principal axis {i.e., a normal line to the principal

surface) of & light diffusion sheet.

The abrasives 62 having impinged against the master

blank 2la cut or deform the surface of the master blank 2la

while loosing their energy, and then scatter upward of the

master blank 2la at a certain angle. By setting the-above“

described spraying condition, because the abrasives 62

impinge against the master blank 2Zla at a specific angle,

the blank surface is deformed by the impingement of the

abrasives 62 in different ways between the Lransverse



Stated another way, the optical film according to the embodiment of the present technology is
applicable to not only fixedly installed interior and exterior members, such as walls and roofs,
but also to a device capable of adjusting an amount of the transmitted and/or reflected sunlight
by moving an interior or external member depending on changes in amount of the sunlight,
which are caused with the shift of seasons and the elapse of time, etc., and taking the adjusted
amount of the sunlight into an indoor space, etc. In a sixth embodiment, one example of such a
device is described in connection with a solar shading device (in the form of a window blind or
a shade) capable of adjusting a degree at which a group of many solar shading members cuts
off the incident fighe by thanging afcandieof fistsbidr siadgingfhembef gFéup. " Fig. 13is a
perspective view, ilusirating one example, of stuctuire of awindeyhling (shade)-201 according
to the sixth embodiment. As illustrated insFig. 13, the window blind 201 as one example of the
solar shadig devicesincludes:a:head, bex 203;austat gronp (Sotarcshkadingsmember group) 202
made up oif%)lural slqts (blade 23 2a, and arbot Qm r i 294.ilhgh%eafqux 203 is disposed
above the's gtgger%)usp"§821r%a“ eup of the glﬁraelcs“la?s 2023, Ladder chords 206 and rise-and-fall
chords 205 areextendedrdownnardfsons the heag-bhox 203;end: the bottor rait 204 is
suspended at lower ends of those chords. The slats 202a serving as the solar shading
members Sré BaChTorAfed ih adighdeP tectanyiiar Shape’ ford@xampté dnd are supported by
the ladderghords 206, which are extended dawnward from.thehead box,203 -at
predetermined intervals in a suspended state. Further, the head box 203 is provided with an
operating fiéHADBeF fRotShown)2SUER s ated for-aajustingan AtiglevfaReS1at gfdup 202
made up of fhe plural slats, p02a; ., Fhe head.hox 203 seryes as a drving unit for rotating the
slat group 202 made up of the plural. slats 202a in accordance with operation of the operating
member, sucteasthe yod; thersby adjustirrgptheramountiofiight takerrinte Brcindoor space, for
example. I;gr;[he% JQ;}: r% ?d b%gogxgas @_e f%%%"%é a&gg\éiggv%gitkggqj§irgl and lowering unit)
for raising anoﬁ%wenng he slat ﬁroup% ,‘as appropriate, in accordance with operation of an
operating member =e.g:, arise:and:falteperatittg ehorch20ur £ a ddgrddAnisea sectional view
illustrating a first example of structure of the slat 202a. As illustrated in Fig. 14A, the slat 202a
includes a'B58¢° 23 T°hrd an SptEaFmiin 17 The ophcatfith 3¢ préferabfi‘disposed on one of
two principal.sirfacas, of the base211the gne-principaksurfage-beingjeasitioned:qn the side
including an incident surface on which extraneous light is incident .when the slat group 202 is
in a closed §taté (&%, BFFheesidefadifig RERFM oW NembEt) PThé Tpticat fitm 1 and the base
211 are affixed tg, each, other,with.an,affixing laysr;.e.g..ahonding |ayer of an adhesive layer,
interposed between them.

blasting in the ejecting direction of the abrasives 62 can

be controlled depending on the pressure of pressurized air
in the blasting gun 61, which determines energy of the
abrasives 62 at the time when the abrasives 62 are ejected,
the angle of the blasting gun 61, the distance between the
blasting gun &1 and the master blank 21la, the shape, density
and hardness of the abrasives 62, the material quality of
the master blank 2la, etc. The shape of the master blank

2la after the sand blasting in a direction perpendicular to
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The base 211 can be formed in the shape of, e.g., a sheet, a film, or a plate. The base 211 can
be made of, e.g., glass, resin, paper, or cloth. In consideration of the case of taking visible light
into a predetermined indoor space, for example, a resin having transparency is preferably used
as the material of the base 211. The glass, the resin, the paper; or the cloth used here may be
the same as that generally used in ordinary rolling screens. The optical film 1 used here may
be one type or a combination of two or more types of the optical films 1 according to the
above-described first to fifth embodiments. Fig. 143 is a sectional view illustrating a second
example of structure of the slat 202a. In the second example, as illustrated in Fig. 143, the

optical filnt2SisUSEH H88IFHE fife Shit 2624 11h S 2a5E° thé opiital fifm T préferaby has such a
level of rigidity that the optical film J.canbe,suppeded-by the lagder chords 206 and can

maintain its shape in a supported state. <7. Seventh Embodiment> A seventh embodiment
will be destritféd beléwdawonriéctidre With arellihg'séeen-Bevide: 4%. YaRoftter example of the

solar shading device capable of,adiysting 2 degree atwhich a solay, shading member cuts off

the incident light, by winding or unwinding the solar shading member.  Fig. 15Ais a
perspectivenview Hlustrating onetéxample of structdre: of azolling sereen device 301 according
to the seventh embodiment, As illustrated in Fig. 15A, th% rolling. screen device 301 as another
example JftRa<ol8r 8R&ding delide incllides a Screen 302 4 head box 303, and a core
member 304.1he-head bex 303can raise-andfall therscreens302 mitts operation of an
operating member, such as a chain 305. The head box 303 includes therein a winding shaft for

taking up &Addeftint 66 fife SLfE6n 30% arid BREERE of The Stréen™362 7§ tobPled to the

winding shaft. Eyrther, the core.mamber 304is-coupleditothe. other end of the screen 302.
Preferably, the screen 302 has flexibility. The shape of the screen 302 is not limited to

particular one aRd isTréferabily sefecteddepdridihg e the Shape vt € 6t %a Wil8dw member to
which the (qling,sreen-devies 301 appligd. bos fxammale.dhe 9qeen.302 has a rectangular
b can be tfabricated such that it has different diffusicn
angles betwesen the longitudinal direction and the transverse
direction therecf, or that 1t has anlsotropy in diffusion
characteristic between the longitudinal direction and the
transverss direction therecf. Under the spraying condition
for the abrasives 62 as illustrated in Figs. 5A and 5B, for
example, a diffusion angle of light reflected by or passing
through the master blank 2la is relatively narrow in the X-
direction and is relatively wide in the Y-direction, and a
brightness peak in diffusion characteristic is shifted
toward the X1 side in the ¥X-direction.
Stated another way, 1n addition to that a diffusion
angle of light reflected by or passing through the masfer

blank 21la is relatively narrow in the X-direction and is



Fig. 15B is a sectional view, taken along line XVB-XVB in Fig. 15A, illustrating one example of
structure of the screen 302. As illustrated in Fig. 155, the screen 302 includes a base 311 and
an optical film 1. The screen 302 preferably has flexibility. The optical film 1 is preferably
disposed on one of two principal surfaces of the base 311, the one principal surface being
positioned on the side including an incident surface on which extraneous light is incident (e.qg.,
on the side facing the window member). The optical film 1 and the base 311 are affixed to
each other with an affixing layer, a bonding layer or an adhesive layer, interposed between
them. Note that the structure of the screen 302 is not limited to the illustrated example and the
optical filmF tAay15e iséiitself aSthe'screef302  “I1ie bake!31 i Beformed in the

shape of, e.q., 8.shget, adim,or,a plate, ;The base 311 canbe madeof, £.9,, glass, resin,

paper, or cloth. In consideration of the case of taking visible light into a predetermined indoor
space, for @kanples a resinsiavingtidrispatencyisspreferablyivsed asrtheumateral of the base
311. Ther%@sghthe r%%Qh%h%gaper rélge‘cloth used herearrpa&yxg)g tg@ %%r}gng%that generally

. £ o) NS I
used in ordinary rolling screens. The op ical film 1 Used here may be one type or a

combinatiarr oftwe=ermoreitypesrefthecopticalfilns:1 according to the@bove:=described first to
fifth embodiments. <_8. Eighth Embodiment> An eighth embodiment will be described in

connectiorr With* {H&' Cas8 Srappiying the preBentteciiiol 54y B fitting (&.g*, 4R interior or
exterior mgmizery that includes alighting partion provided-with-ap-optical body having

asymmetrical with respect to the axis of maximum brightness.

Further, as the blasting gun 61 1s arranged in a
posture lying more horizontally relative to the master blank
2la, namely, as the angle 6 is set to a smaller value, it is
possible to increase a later-described lengthwise to
widthwise ratic of the diffusion angle of the light
diffusion sheet, and to provide a higher effect that is
obtained with anisctropy of the diffusion characteristic.

The abrasives 62 are ejectad from the blasting gun 61
at an angle B between its center axis and the master blank
2la with an angle width o about the center axis. In other
words, the abrasives 62 enter and impinge against the master
blank 2la within an angle range of Pl te 2. The angle
width o is usually about 10°.

When sand-blasting the master blank Zla in & smaller
area, the angle width o is set to a smaller value, or the
distance L between the blasting gun 61 and the master blank

2la is set to a smaller value. When sand-hlasting the

_58_



diffuse reflective power.  Fig. 16A is a perspective view illustrating one example of structure
of a fitting 401 according to the eighth embodiment. As-illustrated in Fig. 16A, the fitting 401
includes a lightihg portion 404 provided with an optical body 402. More specifically, the fitting
401 includes the optical body 402 and a frame member 403 that is disposed in a peripheral
portion of the optical body 402. The optical body 402 is fixedly held by the frame member 403,
but the optical body 402 can be removed, when necessary, by disassembling the frame
member 403. While one example of the fitting 401 is a shoji (i.e., a paper-made and/or

glass-fitted sliding door), applications of the present technology are not limited to such an
example atrFeRib&ditentstef tHe preséntiechitilogy tandé appliedid variols types of fittings

that includg lighting porfions. Fig..163 is.asectional.view lustrating.ong example of structure
of the optical body 402. As illustrated in Fig. 163, the optical body 402 includes a base 411 and

an opticalfilmst iTheioptical film:2ds disposed on one of two principal surfaces of the base
411, the ane pringinal surtace being posiionad on fhe side neluding.An dent gurface on
i it (e n the si i i '

which extraneous light is incident (e.g., o side facing the window member or outward).
The opticalditm:etand the baser4 b arecaffixeditoneachothier withcah laHixing layer, e.g., a

bonding layer or an adhesive layer, intersgosgd Qetwe%n them. Notg tpa;}t}ge structure of the
shoji (spedificafly $Ha Bl5tital Body 45218 hot limifét ts the fiiistrated example and the optical
film 1 mathQ@rU:sﬁQaﬁSQlﬁlaﬁam opticakbedy402.n1ank 21a is entirely sand-

bhlasted.
{(Method of Processing Master Surface by Photolithography and
Etching)

Figs. 64 to 6B illustrate successive steps to eXplain
one example of a method of processing the master surface by
photolithography and etching.

{Resist Layer Forming Step)

First, a resist laver 71 is formed on the surface of
the master blank 2ia, i.e., a workplece, {(see Fig. 6AR). The
master blank 2la, i.e., a workpiece, may be in the form of,
e.g., a plate, a sheet, a film, a block, a circular column,
a circular cylinder, or & clrcular ring. The resist layer
71 can be made, for example, of an incrganic resist oOr an
organic resist. When the master blank 2ia is in the form of
a circular column or cylinder, the resist layer 71 is
preferably formed on the outer circumferential surface of
the circular column or cylinder.

{Exposure Step)
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.The base 411 is formed of, e.g., a sheet, a film, or a plate each having flexibility. The base
411 can be made of, e.g., glass, resin, paper, or cloth. In consideration of the caSe of taking
-visible light into a predetermined indoor space, for example, a resin having transparency is
preferably used as the material of the base 411. The glass, the resin, the paper, or the cloth
used here may be the same as that generally used in ordinary rolling screens. The optical film
1 used here may be one type or a. combination of two or more types of the Optical films 1
according to the above-described first to fifth embodiments. [EXAMPLES] While the
present technology will be described in more detail below in connection with EXAMPLES, the
present technol8§y s rotdiniitéd $6 the féfowing EXAMPLES Y A the folbing EXAMPLES

and COMRARATIVE EXAMPLES, the mean film thickness,of the.reflecting layer was

measured as explained below. First, an optical film was cut by using an FIB (Focused lon
Beam) to forei aitcrossssettion: Thremdhe filaethickness) . The exposed

portions 7la formed in the resist layer 71 may have, e.g., a
circular or substantially clrcular shape.
(Peveloping Step)

Next, the resist layer 71 including the exposed
portions 7la formed therein is developed. As a result,
openings 71lb corresponding to the exposed porticns 7la are
formed in the resist layer 71 (see Fig. 6&C}. The openings
71lb preferably have circular shapes differing in radius.
Although Flg. 6C illustrates an example in which the
openings 71b are formed in the exposed portions 7la by using
a positive type resist as the resist layer 71, the resist
usahle here is not limited to the positive type. In other
words, the exposed portions may be left by using a negative
type resist as the resist layer 71.

{Etching Step)

Next, the surface of the master blank 2Zla is etched by
using, as a mask, the resist layer 71 including the openings
71b formed therein. As a result, recesses 72 having
different depths and/or different radii are formed 1in the
surface of the master blank 2la (see Fig. 6&D). Each of the
recesses 72 preferably has a partially spherical shape. The

term "partially spherical shape" implies a shape that 1s
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of the reflecting layer was measured in a direction perpendicular to the incident surface or the
emergent surface by using a TEN (Transmission Electron Microscope). The measurement was -
repeated at arbitrary 10 points on the optical film, and measured values were simply averaged
(arithmetically averaged), thereby obtaining the mean film thickness. (EXAMPLE 1)  First, a

. transmissive anisotrop c diffusion sheet (trade name: L3D40820, acryl sheet type) (F14118M
angles of transmitted light resulting from incident light entering perpendicularly to a film are 40
and 20, respectively, wit respect to a first axis in a film plane and an axis perpendicular to the
first axis), made by POC (Physical Optics Corporation) and fabricated using the laser
interferen€® miétHod, Was Prepared B an urideiifg staped filifi (Shaped resin layer). On the

underlying shaped film, an AgBi film.was formed, as.a seflecting layer,in g;mean-fil thickness
of 12 nm by sputtering using an alloy target with a composition ratio of Ag/Bi = 99.0 at%/1.0
‘at%.  Neéxt, auvidirablesresin (eoriposition) fetmalatedte be miateheerin refractive index
with the transmissive arysgtro ic difgusion sheet gtrsreadte, name: | %Dé'@é%@ Was coated on the
er

underlyingvﬁl?ﬁﬂzgﬁgéifi%ally% th%lre‘\flejbl’tlln%qlléﬁ/p ormed as described above, and a PET film

(A4300 madedy-Toyeba-Ceo., Lty having arthicknesswof ¢5:prhavas pladeddhereon. After

purging out bubbles, the coated resin was cured b%;jirradiating it with UV light, Asa result, a

resin. layet {ABPeiRaf? reféiredHoas an eMbaading Fasihiayery Was tdrmed by the curing of

the resin compesition betweendhesmeoth BET dilmsapd dhe reflecting layesdlhuas, an objective
optical film was obtained. (EXAMPLE 2)

appropriate, depending on the desired random concave—convex

shape.

{Resist Peeling-off Step)

Next, the resist layer 71 formed on the surface of the
master blank Zla is peeled off, when necessary, by ashing,
for example.

(Plating Step)

Next, the concave-convex surface of the master 21 may
pe subjected to plating, when necessary, to form a plated
layer such as a nickel-plated layer.

| The master 21 having the randem concave-convex shape 1is
obtained with the above-described steps.
(Transfer Step)

Next, as illustrated in Figs. 4B and 6E, The random
concave—-convex shape of the master 21 is transferred to a
resin material in the form of a film by, e.g., the hot
extrusicon method or the transfer method. The transfer

method can be practiced, for example, by a process of
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An optical film was obtained in a. similar manner to that in EXAMPLE 1 except for using, as the
underlying shaped film (shaped resin layer), a transmissive diffusion sheet (trade name:
00540 (acryl type) made by POC. (EXAMPLE 3) A master for replicating an anisctropic
light diffusion sheet was fabricated by oblique blasting under the following conditions: (1) Blank
used to fabricate the master: aluminum roll (diameter of 20 cm) (2) Sand blasting conditions
sand blasting apparatus (made by Fuji Manufacturing Co., Ltd., Model Name: SGF-4(A))
abrasives: alumina (count: #180, mean grain size: 76 Rm) distance between blasting gun and

master blank: 50 mm anglle formed betwee blastlng gun and mé éer b&ank 8
pouring an energy-ray curab resl nto

irradiating the resin with an energy ray to cure it, or a
process of applying heat or pressure to a curable resin, or
a process of supplying a resin film from a stock roil and
transferring the shape of a die to the resin film while
applving heat (called a laminating transfer method). As a
result, the first opticgal layer 4 having the random concave-
convex surface on one principal surface therecf is formed as
illustrated in Fig. 4C.

Further, as illustrated in ¥Fig. 4C, the first optilcal
laver 4 may be Lormed on the first base 4a. This case can
be practiced, for example, by a process of supplying the
First base 4a in the form of film from a stock roll, coating
an energy-ray curable resin on the first base 4a, pressing
the resin against a die to transfer the shape of the die to
the resin, and irradiating the resin with an energy ray to
cure it. Preferably, the resin further contains a cross-
linking agent. The reason 1s that the cross-linking makes
the resin heat-resistant without changing the storage
modulus at the room temperature to a large extent.

(Film Forming Step)

Next, as illustrated in Fig. 72, the wavelength-
selective reflecting layer 3 is formed on the one principal
surface of the first coptical laver 4. The wavelength-

selective reflecting laver 3 can be formed, for example, by



compressed air pressure: 0.5 MPa state in spraying abrasives to surface of master blank:
state illustrated in Figs. 5A and 5B scanning condition of blasting gun: the gun was scanned at
pitch of 5 mm in X-direction in Figs. 5A and 5B while the roll was rotated  Next, urethane
acrylate (ARONIX made by TOAGOSEI CO., LTD., refractive index of 1.533 after being cured)
was coated on a PET film (A4300 made by Toyobo Co., Ltd.) having a thickness of 75 pm. The
- urethane acrylate was cured by irradiating it with UV light from the PET film side in a state that
the PET film including the coated urethane acrylate was held in close contact with the master

by the roll-to-toll process. A laminate of the PET film and a resin layer made of the cured
urethane AERHAREWAS pEERICSH Fréty the MaSter ’S A reSiie a rédin Tayerts which the shape

reversed to: that of the master was:transfesred (hereinafter referred jo as=a 'shaped resin
layer") was formed on the PET film. On the surface of the shaped resin layer, an AgBi film was

formed as‘&reflesting layeitirpaiiean favthicRness of 12 AREBY Sputterfig 7 similar manner
fo thatin EXAMPLE 1. , . Jiext & Lesin, composition farmulated as.olyen:below; was coated on
the reflecting layer, a%dla ET film (A4300 made by Toyobo Co., Ltd.) having a thickness of
75 ym: wasiplaceth therecrsAfter passingadansinate througtenigrelisland purgiag out
bubbles, tggecoraé;[relgereosjfr] V\ng(.:l,'jr%%g% or higher to 250°C or lower.

{Embedding Step)

Next, as illustrated in Fig. 7C, a resin 22 Iin a not-

yet-cured state 1ls coated over the wavelangth-selective

reflecting laver 3. The resin 22 may be, =.g., an energy-

ray curable resin or a thermosetting resin. The energy-ray

curable resin used here is preferably an ultraviolet-ray

curable resin. Next, as illustrated in Fig. BA, a laminate

is formed by placing the second base Sa over the resin 22Z.

Next, as illustrated in Fig. 8B, the resin 22 1s cured by

applving, e.g., an energy ray or heat as indicated by 32,

while pressure is applied to the laminate as indicated by 33.

Examples of the energy ray usable here include an electron

ray, an ultraviolet ray, & visible ray, and a gamma ray.

The ultraviolet ray is more preferable from the viewpoint of

production eguipment. Preferably, an integrated irradiation

amount is selected, as appropriate, in consideration of the

curing characteristic of the resin, suppression of yvellowing

of the resin and the second base 5a, etc. The pressure

applied to the laminate is preferably in the range of 0.01
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irradiating it with UV light. As a result, an embedding resin layer was formed by the curing of
the resin composition between the smooth PET film and the reflecting layer. Thus, an objective
optical film was obtained. <Formulation of Resin Composition> Urethane acrylate99 parts by
weight (ARONIX made by TOAGOSEI CO., LTD., refractive index of 1.533 after being cured)
2-acryloyloxyethyl acid phosphatel part by weight (LIGHT-ACKYLATE P-1A made by
KYOEISHA CHEMICAL Co., LTD.) (EXAMPLE 4)  An optical film was obtained in a similar
manner to that in EXAMPLE 3 except for forming, as a partially reflecting layer, an AlTi film in a
thickness of 10 nm. (EXAMPLE 5)  An optical film was obtained in a similar manner to that
in EXAMPLRE 2°8x &t fhiat Hresif “CormpostitiT formdlatéd a8 giver b&iow Was"uséd as a
material of the embedding tesinlayer and that the, difference-inTefractivedndexdetween the

embedding resin layer and the shaped resin layer was set to 0.003.
£ilm. On the other hand, if the applied pressure exceeds 1
MPa, a metal roll is to be used as the nip reoll, and the
applied pressure 1s more apt to fluctuate. Through the
above-described steps, as illustrated in Fig. 8C, the second
optical layer 5 is formed on the wavelength-selective
reflecting layer 3 and the optical film 1 is obtained.

A method of forming the optical film 1 by using ths
manufacturing apparatus, illustrated in Fig. 3, will be
described in more detail below. First, the second base 2a
is let out from a base supply roll (not shown}, and the let-
out second base 5a is guided to pass under the coating
device 45. MNext, an ionizing-ray curable resin 44 is coated
by the coating device 45 on the second base ba passing under
the coating device 45. Next, the second base bSa coated with
the ionizing-ray curable resin 44 is conveyed toward the
laminating rolls 41 and 42. On the other hand, the
reflecting-layer affixed optical layer 9 is let out from an
optical layer supply roll (not shown) and is conveyed toward
the laminating rolls 41 and 42.

Next, the second base 5a and the reflecting-laver
affixed optical layer 9, each having been conveyed in such a
way, are sandwiched between the laminating rolls 41 and 42

without allowing bubbies to enter between the second base ba



<Formulation of Resin Composition> Urethane acrylate99 parts by weight (ARONIX made by
TOAGOSEI CO., LTD., refractive index of 1.536 after being cured) 2-acryloyloxyethyl acid
phosphatel part by weight (LIGHT-ACRYLATE P-1A made by KYOEISHA CHEMICAL Co.,
LTD.) (EXAMPLE 6)  An optical film was obtained in a similar manner to that in EXAMPLE 4
except that a resin composition formulated as given below was used as a material of the
embedding resin layer, and that the difference in refractive index between the embedding resin
layer and the shaped resin layer was set to 0.006. <Formulation of Resin Composition>

and the reflecting-laver affixed optical layer 9, whereby
the reflecting-layer affixed optical layer 9 is laminated on
the second kase Sa. Next, the second base 5a including the
laminated reflecting—layer affixed optical layer 9 1s
conveyed along an outer circumferential surface of the
laminating roll 41 while the irradiation device 406
irradiates the ionizing-ray curable resin 44 with the
ionizing ray from the side including the second base ba,
thereby curing the ionizing-~ray curable resin 44. As a
result, the second base 5a and the reflecting-layer afiixed
optical laver 9 are affixed to each other with the ionlzing-
ray curable resin 44 interposed therebetween, and the
cbjective optical film 1 having a long size is fabricated.
Next, the fabricated belt-shaped optical film 1 is taken up
by a take-up rell (not shown). Eventually, a stock roll in
the rolisd form of the belt-shaped optical £ilm 1 is
obtained.

Given that the process temperature in tLhe above-
described process of forming the second optical layer 5 is
£°C, the first optical laver 4 in the cured state preferably
has the storage modulus of 3 X 107 Pa or more at (t - 20)°C.
Herein, the process temperature t is, for example, the
heating temperature of the laminating roll 41. The first
optical layer 4 is conveyved, for example, in such a state

that the first optical laver 4 is formed on the first base



Urethane

acrylate99 parts by weight (ARONIX made by TOAGOSEI CO., LTD., refractive

index of 1.539 after being cured) 2-acryloyloxyethyl acid phosphatel part by weight
(LIGHT-ACRYLATE P-1A made by KYOEISHA CHEMICAL Co., LTD.) (EXAMPLE 7)  An
optical film was obtained in a similar manner to that in EXAMPLE 4 except that a resin
composition formulated as given below was used as a material of the embedding resin layer,
and that the difference in refractive index between the embedding resin layer and the shaped
resin layer was set to 0.009. <Formulation of Resin Composition> Urethane acrylate99 parts

by weight

4a and is conveyed along the laminating roll 41 with the
first base 4a interposed therebetween., It is, thereflore,
empirically confirmed that the actual temperature of the
first optical laver 4 is about (t - 20)°C. Accordingly, by
setting the storage modulus of the first optical.layer 4 to
be 3 x 10' Pa or more at (t -~ 20)°C, the random concave-
convex shape of the interface inside the optical layer can
be prevented from deforming due to application of heat or
both of heat and pressure.

Further, the first optical layer 4 preferably has the
storage modulus of 3 x 10° Pa or less at 25°C. With such a
property, the optical film 1 can be given with flexibility
at the room temperature. Hence, the optical film 1 can be
fabricated, for example, by using the rcll-to-roll
manufacturing process.

In consideration of the heat resistance of the resin
used as the optical layver or the base, the process
temperature t is preferably 200°C or lower. However, when a
resin having higher heat reszistance is used, the process
temperature t can be set to 200°C or higher.

According to the first embodiment, since the optical
film includes the diffusely reflecting surface having the
random concave-convex shape, the generaticn of the
diffraction pattern can be suppressed. Also, since the

master 21 having the random concave-convex surface is



(ARONIX made by TOAGOSEI CO., LTD., refractive index of 1.542 after being cured)
2-acryloyloxyethyl acid phosphatel part by weight (LIGHT-ACRYLATE P-1A made by
KYOEISHA CHEMICAL Co., LTD.) (EXAMPLE 8)  An optical film was obtained in a similar
manner to that in EXAMPLE 3 except that the partially reflecting layer (wavelength-selective
reflecting layer) was formed by successively stacking films of GAZO (27 nm), AgNdCu (9 nm),
and GAZO (88 nm) from the lower side. (EXAMPLE 9)  An optical film was obtained in a
similar manner to that in EXAMPLE 3 except that the partially reflecting layer

(wavelength-selective reflecting layer) was formed by successively stacking films of GAZO
(mean filmftHickires$ f 27 nfin) 9 A NdCu fredrifiking thicknessisfd niie GAZE (mean film

thickness of 88 nm),. AgNdQu.(mean film thickness, of 9.nm),.. %,d GAZO (mean film thickness
of 27 nm) from the lower side. (COMPARATIVE EXAMPLE 1) © An optical film was obtained

by formingeantAlTi filmdnzg nyeandilmthickrmess ot 10umincon @ PET flm{Ad300-made by
Toyobo C% 5 Ltd., thickness of 7§4£m,,) having a smooth surfac

r precessing to r¥cate the masier can %é greatly
reduced.

In contrast, when a roll-shaped master having a width
of 100 cm or larger and a diameter of 20 cm or larger, for
example, 1s fabricated in a regular concave-convex shape as
per design for the purpose of controlling the direction of
light reflected by an optical £film, a lot of time and cost
are taken. Ancother problem is that, if any trouble such as
an earthguake occurs during the processing time, the master
becomes unusable.

Further, according to the first embodiment, since the
wavelength-selective reflecting layer 3 as a partially
reflecting laver is formed con the diffusely reflecting
surface to which the random concave-convex shape of the
master has been transferred, part of the sunlight can be
reflected upward to the sky. Moreover, since the random
concave-convex shape of the first optical layer 4 is
embedded with the second optical layer 5 having
substantially the same refractive index as that of the first
optical laver 4 and the second optical layer 5 has the
smooth surface, it is also possible to clearly view a

Ltransmigsion image.



(COMPARATIVE EXAMPLE 2) An optical film was obtained in a-similar manner to that in
EXAMPLE 3 except that the partially reflecting layer (wavelength-selective reflecting layer) was
formed as an AITi film in a mean film thickness of 100 nm. (COMPARATIVE EXAMPLE 3)

An optical film was obtained in a similar manner to that in EXAMPLE 4 except that a resin
composition formulated as given below was used as a material of the embedding resin layer,
and that the difference In refractive index between the embedding resin layer and the shaped
resin layer was set to 0.012. <Formulation of Resin Composition> Urethane acrylate99 parts

by weight (ARONIX made by TOAGOSEI CO., LTD., refractive index of 1.545 after being
cured) <2. Second Embodiment>

Fig. 94 is a sectional view illustrating one exampie of
structure of an optical film 1 according to & second
embodiment. In the second embodiment, the same or
corresponding components as or to those in the first
embodiment are denoted by the same symbois, and description
of those components are omitted. The cptical film 1
according to the second embodiment differs from the optical
film according to the first embodiment in that the former is
a semi-transmissive coptical film having diffuse reflective
power and it includes a semi-transmissive layer 5Z as a
partially reflecting layer. The semi-transmissive optical
film having diffuse reflective power diffusely reflects part
of incident light, but it transmits the remaining part of
the incident light therethrough.

Fig. 9B is an enlarged sectional view to explain the
function of the optical film according te¢ the second
embodiment. The optical film 1 has an incident surface 51
on which light L is incident. The optical film 1 diffusely
reflects light L., which is part of the light L entering the
incident surface 81, while transmitting the remaining light
ip therethrough. The diffusely reflected light 1=
preferably light primarily falling within the wavelength
band of 450 nm or longer to 2100 nm or shorter.

The semi-transmissive laver 52 serving as the partially



2-acryloyloxyethyl acid phosphatel parweight (LIGHT-ACRYLATE P-1A made by
KYOEISHA CHEMICAL Co., LTD.) (Evaluation of Spectral Transmittance and Chromaticity)
For each of the optical films according to EXAMPLES 1-9 and COMPARATIVE EXAMPLES
1-3, spectral transmittance was evaluated as follows. The spectral transmittance in the
visible range and the infrared range was measured by using DUV3700 made by Shimadzu
Corporation. An incident angle of light entering each sample was set to 00 (i.e.,.vertical
incidence), and the measurement was performed on the linearly transmitted light. The
measured spectral transmittance waveforms are plotted in Figs. 18A, 19A and 20A.

Spectral réfiéctaice df e/ Bptital filniWas Meastretf by Usifg the SHe dpidratus (DUV3700)
by setting an.incident angle of light.gntering each.sample to 8-and by;receiving the reflected

light with an integrating sphere. The measured spectral reflectance waveforms are plotted in

Figs. 18B,219B arid: 205: (Evaluration ofiDiffase Reéflectiofys, the semi-
transmissive reflecting layer has semi-transmissivity in,
2.g., the visible range and the near infraved range. The
seml-transmissive reflecting layer may be, for example, a
thin metal layer or metal nitride layer containing a
semiconductive material. From the viewpoint of improving
anti-reflection property, cclor tone adjustment, chemical
wetting, reliability agalnst environmental degradation, etc.,
the semi-transmissive reflecting layer is preferably formed
in a multilayer structure stacked with, e.g., an oxide layer,
a nitride layer, or an oxynitride layer.

The metal layer having a high reflectance in the

visible range and the infrared range can be made of
materials centairing, as & main component, Au, Ag, Cu, Al,
Ni, Cr, Ti, Pd, Co, 8i, Ta, W, Mo or Ge alone, or an alloy
containing two or more selected from among those elements,
for example. Of those examples, Ag-, Cu-, Al-, Si- or Ge-
based materials are preferable in consideration of
practicability. To retard corresion of the metal layer, an
additicnal material, such as Ti or Nd, 1s preferably mixed
in the metal layer. The metal nitride layer can be made of,
e.g., TiIN, CrN, or WN.

The mean film thickness of the semi-transmissive layer



For each of the optical films.according to EXAMPLES 1-9 and COMPARATIVE EXAMPLES
1-3, a distribution of reflection angle was evaluated as follows. Using a halogen light source
501 (Fig. 21) collimated with parallelism of 0.5 or less, a sample 503 was illuminated with
incident light that was emitted from the halogen light source 501 and then reflected by a half
mirror 502. Light reflected by the sample 503 was detected by a detector 504. A mean value of
reflettion intensity at wavelengths of 900 to 1550 nm was plotted on polar coordinates by
scanning the detector 504 over the range of 0 to 90 (Om) while the sample 503 was arranged
in a posture inclined 45 with respect to the incident light and was rotated through 360 (Om)
about an axis petpendiciiar {6 thedisikient light tS€e Fgs=22 ‘and P2)° THEFEslts measured

for EXAMRLES 1t 3 are illustrated, as an example.of evgluation resiits, in Figs. 23 to 25.

Note that, for EXAMPLES 1 and 3 having anisotropy in diffuse reflection, the measurement
was performmedsby aranging @diréetion inavhichrthexdiffusedy reflectedlightsspreads to a wider
angle to be 01 cc,’ 900. Further, the results of J:plk_%tirglgcf}the rrenfltjz-%tir%rrl1 intensity in azimuth
containing the axis of the incident light and 1hé axis of specutarly reflected light are graphed in
Figs. 26A,:26Band 27or EXAMBHES 4 te<3.dniedch pffigan2eA, 268-and 27.r= 0 represents
an axis perpendicular to the sample surface, and "minus" represents downward reflection.

Upward reffettion‘rapresentea componént rBReded opdardteldive i aTidrisontal plane when

the sample, 503 is-@iranged inna vertical plang. Altheughy the wpwardsreflectance can be
calculated from the polar coordinate plot of Fig. 22, a calculation method is complicated. For
that reasoRT tHe tpWardreflectanée was cafculated hefe iR arsinmslifistr ftdnherBased on the

graphs of Figs, 26A.26B.and 27 eagh representing a distributian of reflection intensity in the

incident plane. For the plots of Figs. 26A, 26B and 27, the diffusely reflected light except for
the specularly<reflected tight wass eompensatethfor zecompomenttcorresponding to a decrease
of the intensity caused by the half mirrop 502 and a component carresponding 1g,an increase

nm or longer and 1000 nm or shorter is preferably 5% or more

and 70% or less, more preferably 10% or more and 60% or less,

and even more preferably 15% or more and 55% or less.

<3. Third Embodiment>

In a third embodiment, the same or corresponding

componants as or to those in the first embodiment are

dencted by the same symbols, and description of those

conponents are omitted. An optical film 1 according to the

third embodiment differs from the optical film according to

the first embodiment in that the former diffusely reflects

light in a specific wavelength band, but it scatters light

other than the specific wavelength band. The optical film 1

according to the third embodiment includes a light scatterer

for scattering the incident light. 7The light scatterer is
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of the intensity caused by stray light (see the plot of calculated data (L2) in each graph). On
that occasion, because reflection in a direction lower than the specular reflection was not
measured due to the specific layout of the measuring optical system, the plotting was made on
an assumption that the distribution of the reflection intensity was vertically symmetrical with
respect to an axis at which the reflection intensity was maximized. _Further, the calculation
results of upward reflectance are listed in Table 1, given below, by defining the upward
reflection as the reflection toward the side corresponding to a smaller angle than that of the

axis (Om = 450) perpendicular to the sample surface, and by defining the upward reflectance

as (upwardirefileetion /AIF réfiediorT compaienteakcEpelor spetitar réffectiol)* Erom the

calculatiory resylts, it is understopd.that the upward reflectance depends on the Shape of the
reflecting Myer regardless of the type of the reflecting layer. Additionally, because the direction

in which thediffeserrefleclion intenbitydsimasimizedis shifteddniEXAMPEE 3 dépending on the
asymmetia shape.ofthe optical i, here s  diference.gf ahoyt 100.p 41 between the
direction of the maximized diffuse reflection intensity and the specular reflection direction.
However, the galeulationaesutts=af upward reflectancesdifferfeem eaeh other just several
percentages regardless of which one of those two directions is sglected for the calculation.
(EvaluatioR° 0P TFasmissTan fmage Cant)™ ot B4th of ﬁ%doﬁﬁga#ﬁlﬁst according to
EXAMPLES dr9and CRMRARAEME EXAMRLES 143 transmissien imageiclatity was
evaluated as follows. Values of the transmission image clarity were measured in conformity
with JIS K71055u&ihg Gptical ‘d8imbéiwith COmBwidtis ©F 2%0 ralii*f 0% 85 fm and 0.125

mm. A measyfing apparatusised for the,evaluation,was anjmage:clatity measuring device
(ICM-1T) made by Suga Test Instruments Co., Ltd. A total of the values of the transmission

image clarigrmeasuféd usingoptical wombs witli eomlis Widths of 290 AviHEA°0 iRt 9.5 mm and

0.125 mm was calculated. The gbtained resylts are Jisted in Table 1, A light soyrce used here
was the 065 Ii%j‘ljfte s%%?ggf(tlévaluaﬁgn ofeHgl%ejLC For each of the optical films according to

EXAMPLES 439@and: COMRARATEIME EXAMRILIES 1<3; hazerwas evaluated asfollows.
Haze was measured under measuring conditionsjg cbonf rmity wit EISBI1<7136 by using a

haze metet Hiv-150ade by MurakantiColor RESearch Laboratory Co.. 1td.). The measured
results areslisteskia T able 1 -Adighirsaurcesed herewas the 065 lightrseurcei Evaluation of

Visibility) .
layer 3 and the support such as the window member. The
reason is that 1f the light scatterer is present between the
wavelength-selective refiecting laver 3 and the incident
surface, the diffuse reflection characteristic 1s lost.
Alsc, when the optical film 1 is affixed to the indoor side,
the light scatterer is preferably disposed between the
emergent surface on the side opposite to the affixed surface
cf the optical film 1 and the wavelength-selective
reflecting laver 3.

Fig. 10A is a sectional view illustrating a first

example of structure of the optical film 1 according to the

_”"]l_



For each of the optical films according to EXAMPLES 1-9 and COMPARATIVE EXAMPLES
1-3, visibility was evaluated as follows.  The fabricated film was affixed to a glass with a
thickness of 3 mm by using an optically transparent adhesive. The glass was held at a
distance away from the eyes about 50 cm, and the visibility was evaluated based on the
following criteria by.observing the inside of an adjacent building at a distance of about 10 m
through the glass. The evaluation results are listed in Table I. o : neither multiple images nor
clouding due to diffraction appear, and the outer sight can be viewed in a similar way to that
when viewed through an ordinary window A : no problems occur in ordinary use, but if there is

a reflectorthavinFaTARIGIEMKe suMace tHe Feérmeterof tie refféctor 7 sfighfly blurred

optical layver 4 includes a resin and fine particles 11. The
fine particles 11 have a refractive index differing from
that of thé resin, which is a mein component material of the
first optical layer 4. For example, at least one kind of
organic fine particles and inorganic fine particles can be
used as the fine particles 11. The fine particles 11 may be
nollow fine particles. Examples of the fine particles 11
include inorganic fine pa:ticles made of, e.g., silica or
alumina, and organic fine particles made of, e.g., styrene,
acryl, or a copolymer of the formers. Amcng those exanples,
silica fine particles are particularly preferable.

Fig. 10B is a sectional view illustrating a second
example of structure of the optical film 1 according to the
third embodiment. As illustrated in. Fig. 10B, the optical
film 1 further includes a light diffusion layer 12 on the
surface of the-first optical layer 4. The light diffusion
layer 12 includes, for example, a resin and fine particles.
The fine particles can be made of the same materlals as
those used in the above-described first sxample.

Fig. 10C is a sectional view illustrating a third
example of structure of the optical film 1 according to the
third embodiment. As illustrated in Fig. 10C, the optical
£ilm 1 further includes a light diffusion laver 12 between

the wavelength-selective reflecting layer 3 and the first
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X : what is present on the opposite (outer) side is undistinguishable due to clouding xx: there
is no sight on the opposite (outer) side (Evaluation of Diffraction Pattern) For each of the
optical films according to EXAMPLES 1-9 and COMPARATIVE EXAMPLES 1-3, a diffraction
pattern was evaluated as follows. The fabricated film was affixed to a glass with a
thickness of 3 mm by using an optically transparent adhesive. The glass was held at a
distance away from the eyes about 50 cm, and the diffraction pattern was evaluated based on
the following criteria by observing a lamp at a distance of about 500 m through the glass. The
evaluation results are listed in Table 1. o : the lamp can be viewed with no annoyances in a
similar wageithat wier thé filmiisen ot affixetiALus 18ty Spieading 2ohe“apeafs around the

Iamp, but §Q93ﬁrétl,a”ay Qgéﬂn%qeﬁqgr%g@glcles ‘Z‘he' fine particles can

be made of the same materials as those used in the above-
described first example.

According to the third embodiﬁent, it is possible to
diffusely reflect the light in the specific wavelength band,
e.qg., an infrared ray, and to scatter the light other than
the specific wavelength band, e.g., wvisible light. Hence, a
visually attractive design can be given to the optical fiim
1 by making the optical fiim I clouded.
<4. Fourth Embodiment}

Fig. 11 is a sectional view illustrating one example of
structure of an optical film according to a fourth

embodiment. In the fourth embodiment, CLhe same or

h

corresponding components as or to those in the first

f

embédiment are denoted by the same symbels, and description
of those components are omitted here. The fourth embodiment
differs from the first embodiment in that the former further
includes a self-cleaning effect laver 51, which develops a
cleaning effect in itself, on an exposed surface of the
optical film 1 on the side oppositely away from one of the
incident surface S1 and the emergent surface $§2 thersof,
which is affixed to the adherend. The self-cleaning effect
layer 51 includes, for example, a photocaﬁalyst. For

example, Ti0, can be used as the photocatalyst.



X : a spot-like strong pattern appears around the lamp (Evaluation of Surface Roughness)
Surface roughness of the optical film (EXAMPLE 3) to which the random concave-convex
shape had been transferred by using the replica master fabricated with oblique blasting was
evaluated as follows. The evaluation results are plotted in Figs. 17A and 178. Arithmetic
mean roughness Ra was obtained by measuring the surface roughness of the optical film with
a probe-type surface shape measuring machine ET-4000 (made by Kosaka Laboratory Ltd.),
and deriving a roughness curve from a two-dimensional profile curve. Measurement conditions
were set in conformity with JIS 60/601:2001. Details of the measurement conditions are as
follows; kc = 0.8/ mmisevaliatiorilentih: Ahanerddtoft: x5t bihd data Samiplirfinterval: 0.5 pm.

From the evalyationestilts, the following pointes.wete found, . A syrface raughness pitch
Px in the X-axis direction was longer than a surface roughness pitch Pyin the Y-axis direction.

Also, a mearecontaveicarivex intérval=8m was®d4incthel X-axis directiorand®.08 in the
Y-axis direction. (Evaluation of Number of Pays Takep for Brogessing o Fahricate Master)
the surface of the cptical film 1, whereby transmissivity
and reflectivity are lost. Therefore, the surface of the
optical film 1 is preféfably optically transparent at all

times. In other words, it 1s preferable that the surface of
the cptical film 1 is superior in the water-repellent or
hydrophilic property and 1t can automatically develop the
self-cleaning effect.

Accerding to the fourth embodiment, since the optical
film 1 includes the self-cleaning effect layer 51, the
water—repellent or hydrophilic property, etc. can be given
te the incident surface. Hence, it is possible to suppress
dirt and dust from adhering to the incident surface and to
suppress degradation of the diffuse reflection
characteristic.
<b. Fifth Embodiment>

Fig. 12 is & sectional view illustrating one example of
structure of an optical film according te a fifth embodiment,
In the fifth embodiment, the same or corresponding
components as or to those in the first embodiment are

denoted by the same symbols. The fifth embodiment differs

from the first embodiment in that, as illustrated in Fig. 12,



For each of the replica masters used to fabricate the optical films according to EXAMPLES
1-9, the number of days taken for processing to fabricate the master was evaluated based on
the following criteria. For the purpose of comparison, the number of days taken for processing
to fabricate a replica master having a corner cube shape was also evaluated based on the
same criteria. 0 : within 2 days (a risk that a trouble may occur due to the occurrence of an
earthquake, etc. during the processing is low. Even if a trouble occurs during the processing,
the master can be easily fabricated soon by performing the processing again, and the
production of the optical films is not affected. Hence, especial risk mar%a%iement is not

necessary:iA T3R6T0 BAYSRErE VA FiskoiRt frotbfe A&y bctEF tt'to'the dclurrence of

an earthquake, efc. during,the processing; If a trouble occurs during the processing, the
master can be fabricated by performing the processing again, but the production of the
Many beads 53 are buried in one principal surface of

the second optical layer 5 such that the beads are partly
projected from the one principal surface. Further, a focal
point layver 54, the wavelength-selective reflecting layer 2,
and the first optical layer 4 are successively stacked on
the one principal surface of the second optical layer 5 in
which the beads 53 are buried. The beads 53 have a
spherical shape, for example. The beads 53 preferably have
transparency. The beads 33 are made of an inorganic
material, e.g., glass, or an organic material, e.g., a high-
polymeric resin, as a primary compcnent.

It is preferable that the beads 53 are projected from
the second optical layer 5 in different amounts, and/or that
the beads 53 have different sizes. As a result, the shape
of the wavelength-selective reflecting layer 3 on the first
optical layer 4 can be changed at random.
<6, Sixth Embodiment>

While the first embodiment has been described above, by
way of example, in connection with case of applying the
present tecﬁnology to the window member, embodiments cf the
present technology are not limited to the above-described
application and can be further applied to various interior

and exterior members, etc. other than the window member.



optical films is possibly affected. It is hence preferable that risk management is taken into
consideration.) x11 days to 1 month (a risk that a trouble may occur due to the occurrence of
an earthquake, etc. during the processing is high. If a trouble occurs during the processing, it is
difficult to fabricate the master by performing the processing again, and the production of the
optical films is severely affected. Hence, risk management is necessary.) 6E Pt 2 00

Stated another way, the optical film according to the
aembodiment of the present technology 1s applicable to not
only fixedly installed interior and exterior members, such
as walls and roofs, but alsoc to a device capable of
adjusting an amcunt of the transmitted and/or reflected
sunlight by moving an interior or external member depending
on changes in amount of the sunlight, which are caused with
the shift of seasons and the elapse of time, etc., and
taking the adjusted amount of the sunlight inte an indoor
space, etc. In a sizth embodiment, one example of such a
device is described in connection with a solar shading
device {(in the form of a window blind or a shade) capaple of
adjusting & degree at which a group of many solar shading
members cuts off the incident light, by changing an angle of
the solar shading member group.

Fig. 13 is a perspective view illustrating one example
of structure of a window blind {(shade) 201 according to the
gixth embodiment. As illustrated in Fig. 13, the wincdow
blind 201 as one example of the solar shading device
includes a head box 203, a slat group {sclar shading member
group) 202 made up of plural slats (blades)} 20Za, and a
bottom rail 204. The head box 203 is disposed above the
slat group 202 made up of the plural slats 202a. Ladder
chords 206 and rise-and-fall chords 205 are extended

downward from the head box 203, and the bottom rail 204 is



000<<00

suspended at lower ends of those chords. The slats 20za
serving as the sclar shading members are each formed in a
slender rectangular shape, for example, and are supported by
the ladder chords 206, which are extended downward from the
head beox 203, at predetermined intervals in a suspended
state. Further, the head box 203 is provided with an
operating member (not shown), such as a rcd, for adjusting
an angle of the slat group 202 made up of the plural slats
202a.

The head box 203 serves as a driving unit for rotating
the slat group 202 made up of the plural slats 20Za in
accordance with operation of the cperating member, such as
the rod, thereby adjusting the amount of light taken into an
indoor space, for example. Further, the head box 203 has
the function of a driving unit (raising and lowering unit)
for raising and lowering the slat group 202, as appropriate,
in accordance with cperation of an operating member, e.g., a
rise-and~fall operating chord 207.

Fig. 14A is a sectional view 1llustrating a first
example ©f structure of the siat 202a. As illustrated in
Fig. 142, the slat 20Za incliudes a base 211 and an optical
film 1. The optical film_l is preferably disposed cn one of
two principal surfaces of the base 211, the one principal
surface being positicned on the side including an incident

surface on which extraneous light is incident .when the slat
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group 202 is in a closed state (e.g., on the side facing the
window member). The optical film 1 and the base 211 are
affixed to each other with an affixing layer, e.g., &
bonding layer or an adhesive laver, interposed between them.

The base 211 can be formed in the shape of, e.g., a
sheet, a film, or a plate. The base Z11 can be made of,
e.q., glass, resin, paper, or cleth. TIn consideration of
the case of taking visible light into a predetermined indoor
space, for example, a resin having transparency is
preferably used as the material of the base 211. The glass,
the resin, the paper, or the cloth used here may be the same
as that generally used in ordinary rolling screens. The
optical film 1 used here may be one type or a combination of
two or more types of the optical films 1 according to the
above-described first to fifth embodiments.

Fig. 14B is a2 sectional view illustrating a second
example of structure of the slat 20Za. In the second
example, as illustrated in Fig. 14B, the optical film 1 is
used itself as the slat 202a. In this case, the optical
film 1 preferably has such a level of rigidity that the
optical film 1 can be supported by the ladder chords 206 and
can maintain its shape in a supported state.
<7. Seventh Embodiment>

A seventh embodiment will be described below in

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

Fig. 15A is a perspective view illustrating one example
of structure of a rolling screen device 301 according to the
sevenih embodiment. As jillustrated in Fig. 152, the rolling
screen device 301 as another example of the solar shading
device includes a screen 302, a head box 303, and a core
member 304. The head box 303 can raiée and fall the screen
302 with operation of an operating member, such as a chain
305. The head box 303 includes therein a winding shaft for
taking up and letting out the screen 302, and one end of the
screen 30%Z is coupled to the winding shaft. Further, the
core member 304 is coupled to the cther end of the screen
302. Preferably, the screen 302 has Tlexibility. The shape
of the screen 302 is not limited to particular cne and is

preferably selected depending on the shape of, .9.,

Q)

window member to which the rolling screen device 301 is
applied. TFor example, the screen 302 has a rectangular
shape.

Fig. 13%B is a sectional view, taken along line XVB-XVB
in Fig. 15A, illustrating one example of structure of the
screen 302. As illustrated in Fig. 15B, the screen 302
inciudes a base 311 and an optical film 1. The screen 302

o4

preferably has flexibility. The optical film 1 is
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preferably disposed on one of twe principal surfaces of the
base 311, the one principal surface being positicned on the
side including an incident surface on which extranecus light
is incident {e.g., on the side facing the window member;.
The optical film 1 and the base 311 are affixed to each
other with an affixing laver, a bonding layer or an adhesive
layer, interposed between them. Note that the structure of
rhe screen 302 is not limited to the illustrated example and
- the optical film 1 may be used itself as the screen 302.

The base 211 can be formed in the shape of, &.g., a
sheet, a film, or a plate. The base 311 can be made of,
e.¢g., glass, resin, paper, or cloth. In consideration of
the case of taking visible light into a predetermined indoor
space, for example, a resin having transparency is
preferably used as the material of the base 311. The glass,
the resin, the paper, or the cloth used here may be the same
as that generally used in ordinary relling screens. The
optical film I used here may be one type or a combination of
two or more types of the optical films 1 according te the
above-described first to fifth embodiments.
<g&. Eighth Embodiment>

An eighth embodiment will be described in connection
with the case of applving the present technolcgy to a
fitting (e.g., an interior or exterior member) that includes

a lighting portion provided with an optical body having
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diffuse reflective power.

Fig. 16A is a perspective view illustrating one example
of structure of a fitting 401 according to the eighth
embodiment. B&As iliustrated in Fig. 16A, the fitting 401
includes a lighting portion 404 provided with an optical
body 402. More specifically, the fitting 401 includes the
optical body 402 and a frame member 403 that is disposed in
a peripheral portion of the optical bedy-402. The optical
body 402 is fixedly held by the frame member 403, but the
cptical body 402 can be removed, when necessary, by
disassembling the frame member 403. While one example of
the fitting 401 is a shoji (i.e., & paper-made and/or glass-
fitted sliding door), applicaticns of the present technology
are not limited to such an example and embodiments of the

present technology can be applied to various types of

h

ittings that inciude lighting portions.

Fig. 16B is a sectional view illustrating cone example
of structure of the optical body 402. As illustrated in Fig.
16B, the optical body 402 includes a base 411 and an optical
film 1. The optical film 1 is disposed on one of Two
principal surfaces of the base 411, the one principal
surface being positioned on the side including an incident
surface on which extranecus light 1s incident (e.g., on the

side facing the window member or outward). The optical filim

1 and the base 411 are affixed to sach other with an
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affixing layer, e.g., a bonding layer or an adhesive layer,
interposed betwsen them. Note that the structure of the
shoji f(specifically the optical_body 402 is not limited to
the illustrated example and the optical film 1 may be used
itself as the optical body 402.

The base 411 is formed of, e.g., a sheet, a film, or a
plate each having flexibility. The base 411 can be made of,
e.g., glass, resin, paper, or cloth. In consideration of
the case of taking visible light into a predetermined indoor
space, for example, a resin having transparency 1s
preferably used as the material of the base 411. The glass,
the resin, the paper, or the cloth used here may e the same
as that generally used in cordinary rolling screens. The
cptical film 1 used here may be one type or a combinaticn of
two or more types of the optical films 1 according to the
above-described first to fifth embodiments.

[EXAMPLES]

While the present technology will be described in more
detail below in connection with EXAMPLES, the present
technology iz not limited to the following EXAMPLES.

In.the following EXAMPLES and COMPARATIVE EXAMPLES, the
mean film thickness of the reflecting layer was measured as
explained below.

First, an cptical film was cut by using an FIB (Focused

Ton Bsam) te form a cross-—-section. Then, the film thickness
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of the reflecting layer was measured in a direction
perpendicular to the incident surface or the emergsnt
surface by using a TEM (Transmission Electron Microscope).
The measurement was repeated at arbitrary 10 points on the
optical film, and measured values were simply averaged
(arithmetically averaged), thersby obtaining the mean film
thickness.

(EXAMPLE 1)

First, a transmissive anisotropic diffusion sheet
{trade name: LSD40x20°, acryl sheet type) (FWHM angles of
transmitted light resulting from incident light entering
perpendicularly to a film are 40° and Z20° respectively, with
respect to a first axis in a film plane and an axis
perpendicular to the first axis), made by POC (Physical
Optics Corporation) and fabricated using the laser
interference method, was prepared as an underlying shaped
film (shaped resin layer}). ©On the underlying shaped film,
an AgBi film was formed, as a reflecting laver, in a mean
film thickness of 12 nm by sputtering using an alloy target
with a compesition ratio of Ag/RBi = 99.0 at%/1.0 ats.

Next, a UV curable resin {composition) formulated to be
matched in refractive index with the transmissive
anisotropic diffusion sheet (trade name: L5D40x20°% was
coated on the underlving film {specifically, on the

reflecting laver) formed as described above, and a PET film
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(A4300 made by Toyobo Co., Ltd.) having a thickness of 75 um
was placed thereon. After purging out bubbles, the coated
resin was cured by irradiating it with UV light. As &
result, a resin laver {(hereinafter referred to as an
"embedding resin layer") was formed by the curing of the
resin composition between the smooth PET film and the
reflecting layer. Thus, an obiective optical film was
obtained.

(EXAMPLE 2)

An optical film was obtained in & similar manner To
that in EXAMPLE 1 except for using, as the underlying shaped
film (shaped resin layer), & transmissive diffusion sheet
{trade name: DDS40%) (acryl type) made by POC.

(EXAMPLE 3)

4 master for replicating an anisctropic light diffusion
sheet was fabricated by obligue blasting under the following
conditions:

{1} Blank used to fabricate the master: aluminum roll

(diameter of 20 cm)

{2) Sand blasting conditions

sand blasting apparatus (made by Fujli Manufacturing Co.,

Ttd., Model Name: SGF—4 (&)}

abrasives: alumina (count: #180, mean grain size: 76 pm)

distance between blasting gun and master blank: 50 mm

angle formed between blasting gun and master blank: 8°

- g4 =
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compressed alr pressure: 0.5 MPa

state in spraying abrasives to surface of master blank:

state illustrated in Figs. 5A and OB

scanning condition of blasting gun: the gun was scanned

at pitch of 5 mm in X-direction in Figs. 5B and OB while

the roll was rotated

Next, urethane acrylate (ARONIX made by TOAGOSEI CO.,
LTD., refractive index of 1.533 after being cured) was
coated on a PET film (A4300 made by Tovyobo Co., Ltd.) having
a thickness of 75 pm. The urethane acrylate was cured by
irradiating it with UV light from the PET film side in a
state that the PET film incliuding the coated urethane
acrylate was held in close contact with the master by the
roll-te-toll preocess. A laminate of the PET film and a
resin layer made of the cured urethane acrylate was peeled
off from the master. As a result, a resin layer to which
the shape reversed to that of the master was transferred
{hereinafter referred to as a "shaped resin layer") was
formed on the PET £ilm. On the surface of the shaped resin
layer, an AgBi film was formed as a reflecting layer in a
mean film thickness of 12 nm by sputtering in a similar
manner to that in EXAMPLE 1.

Next, a resin composition formulated as given below was
ccated on the reflecting layer, and a PET film (A4300 made

by Toyocbo Co., Ltd.) having a thickness of 75 um was placed
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thereon. After passing a laminate through nip rolls and
purging out bubbles, the coated resin was cured by
irradiating it with UV light. As a result, an embedding
resin layer was formed by the curing of the resin
composition between the smooth PET film and the reflecting
layer. Thus, an objective optical film was obtained.
<Formulation ¢f Resin Composition>

Urethane acrylate 99 parts by weight

(ARONIX made by TOAGCSEI CO., LTD., refractive index of

1.533 after being cured)

2-acryloyloxyethyl acid phosphate 1 part by weight

(LIGHT-ACRYLATE P-1A made by KYOEISHA CHEMICAL Co., LTD.)
{EXRAMPLE 4}

&n optical film was obtalned in & similar manner to
that in EXAMPLE 3 except for forming, as a partially
reflecting layer, an ALTi film in a thickness of 10 nm.
(EXAMPLE 5)

An optical film was obtained in a similar manner to
that in EXAMPLE 4 except that a resin compositicn formulated
as given below was used as a material of the embedding resin
layer, and that the difference in refractive index between
the embedding resin layer and the shaped resin layer was set
to 0.003.
<#ormulation of Resin Composition>

Urethane acrylate 99 parts by weight
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[ARONIX made by TOAGOSEI CG., LTD., refractive index of

1.536 after being cured)

Z—acrylovloxyvethyl acid phosphate 1 part by weight

(LIGHT-ACRYLATE P-1A made by KYOEISHZA CHEMICAL Co., LTD.)
(EXAMPLE &)

an optical film was cbtained in a similar manner to
that in EXAMPLE 4 except that a resin composition feormulated
as given below was used as a material of the embedding resin
layer, and that the difference in refractive index between
the embedding resin laver and the shapeé resin layer was set
to 0.006.
<Formulation of Resin Composition>

Urethane acrylate 99 parts by welght

{ARONIX made by TOAGOSEI C0O., LTD., refractive index of

1.53% after being cured)

2—acryloyloxvethyl acid phosphate 1 part by weight

{LIGHT-ACRYLATE P-12& made by KYOEISHA CHEMICAL Co., LTD.}
(EXAMPLE 7)

An optical film was obtained in a similar manner to
that in EXAMPLE 4 except that a resin composition formulated
as given below was used as z material of the embedding resin
layer, and that the difference in refractive index between
the embedding resin layer and the shaped resin laver was set
to 0.009.

<Formulaticn of Resin Composition>
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Urethane acrylate 99 parts by weight

(ARONTIX made by TOAGOSEI CO0., LTD., refractive index of

1.542 after being cured)

Z2-acryloyvloxyethyl acid phosphate 1 part by welght

(LIGHT-ACRYLATE P-1A made by KYOEISHA CHEMICAL Co., LTD.)
(EXAMPLE 8)

An optical film was obtained in a similar manner to
that in EXAMPLE 3 except that the partially reflecting layer
(wavelength-selective reflecting layer) was formed by
successively stacking films of GAZO (27 nm}, AgNdCu (2 nm),
and GAZC (88 nm) from the lower side.

(EXAMPLE 9}

An optical film was obtained in a similar mannear to
that in EXAMPLE 3 excepl that the partially reflecting layer
(waveiength-selective reflecting layer) was formed by
successively stacking films of GRZO (mean film thickness of
27 mm), AgNdCu (mean film thickness of @ nmj, GRZO (mean
film thickness of 88 nm), AgNdCu (mean £ilm thickness of 9
nm), and GAZO (mean £ilm thickness of 27 nm) from the lower
side.

{COMPARATIVE EXAMPLE 1)

An optical film was obtained by forming an AITi film in
a mean film thickness of 10 nm on a PET film (A4300 made by
Taoyobe Co., Ltd., thickness of 75 wmn) having a smooth

surface.
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{COMPRARATIVE EXAMPLE 2)

An.optical film was obtained in & similar manner to
that in EXAMPLE 3 except that the partially reflecting laver
{wavelength-selective reflecting layer) was formed as an
ALT4 film in a mean film thickness of 100 nm.

{COMPARATIVE EXAMPLE 3)

An optical film was obtained in a similar manner to
that in EXAMPLE 4 except that a resin composition formulated
as given below was used as a material of the embedding resin
layer, and that the difference in refractive index between
the embedding resin lavyver and the shaped resin layer was set
to 0,01z,
<Formulation of Resin Composition>

Urethane acrylate 99 parts by waight

(ARONIX made by TOAGOSEI CO., LTD., refractive index of

1.545 after being cured)

2-acrylovioxyethyl acid phosphate 1 part by welght

(LIGHT-ACRYLATE P-1A made by KYOEISHA CHEMICAL Co., LTD.)
(Evaluation of Spectral Transmittance and Chromaticity)

For each of the optical films according to EXAMPLES 1-9
and COMPARATIVE EXAMPLES 1~3, spectral transmlittance was
evaluated as follows.

The spectral transmittance in the visible range and the
infrared range was measured by using DUV3700 made by

Shimadzu Corporation., An incident angle of light entering
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each sample was set to 0° {i.e., vertical incidence), and
the measurement was performed on the linearly transmitted
light. The measured spectral transmittance wavelorms are
plotted in Figs. 18A, 1S8A and ZOA.

Spectral reflectance of the optical film was measured
by using the same apparatus (DUV3700) by setting an incident
angle of light entering each sample to 8° and by receiving
the refiected light with an integrating sphere. The
measured spectral reflectance waveforms are plotted in Figs.
188, 19B and 20B.

{(Evaluation of Diffuse Reflection)

For each of the optical films according to EXAMPLES 1-9
and COMPARATIVE EXAMPLES 1-3, a distribution of reflesction
angle was evaluated as follows. Using a halcgen light
source 501 (Fig. 21) collimated with parallelism of 0.5% or
lesz, a sample 502 was iliuminated with incident 1light that
was emitted from the halogen light scurce 501 and then
reflected by a half mirror 502. Light reflected by the
sample 503 was detectsd by a detector 504. A mean value of
reflection intensity at wavelengths of 800 fo 1530 nm was
piotted on polar coordinates by scanning the detector 504
over the range of 0 to 90° (Bm) while the sample 503 was
arranged in a posture inclined 45° with respect to the
incident light and was rotated through 360° (om) about an

axis perpendicular to the incident 1ight (see Figs. 21 and
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22). The results measured for EXAMPLES 1 to 3 ars
illustrated, as an example of evaluation results, in Figs.
23 to 25. HNote that, for EXAMPLES 1 and 3 having anisotropy
in diffuse reflection, the measurement was performed by
arranging a direction in which the diffusely reflected light
spreads to a wider angle tb be $m =~ 90°. Further, the
results of plotting the reflection intensity in azimuth
containing the axis of the incident light and the axis of
specularly reflected light are graphed in Figs. 2Z6A, 26B and
27 for EXAMPLES 1 to 3. 1In each of Figs. 26A, 26B and 27, 8
= (° represents an axis perpendicular to the sample surface,
and "minus" represents downward reflection. Upward
reflection represents a component reflected upward relative
to a horizontal plane when the sample 503 is arranged in a
vertical plane. Although the upward refliectance can be
caiculated from the polar coerdinate plot of Fig. 22, a
calculation method is complicated. ¥For that reason, the
upward reflectance was calculated here in a simplilified
manner based on the graphs of Figs. 264, 26B and Z7 each
representing a distribution of reflection intensity in the
incident plane. For the ploﬂs of Figs. 26A, 26B and 27, the
diffusely reflected light except for the specularly
reflected light was compensated for a component
corresponding to a decreass of the intensity caused by the

half mirror 502 and a component correspcending to an ilncreases
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of the intensity caused by stray light (see the plot of
calculated data {L2) 1in each graph}. On that occasion,
bacause reflection in a direction lower than the specular
reflection was not measured due to the specific layout of
the measuring optical system, the plotting was made on an
assumption that the distribution of the reflection intensity
was vertically symmetrical with respect to an axis at which
the reflection intensity was mazimized. Further, the
calculation results of upward reflectance are listed in
Table 1, given below, by defining the upward reflection as
the reflection toward the side corresponding to a smaller
angle than that of the axis (Bm = 45°) perpendicular to the
sample surface, and by defining the upward reflectance as
{upward reflection / all reflection components except for
specular reflection). From the calculation results, 1t is
understood that the upwéfd reflectance depends on‘the shape
of the reflecting layer regardliess of the type of the
reflecting layer. Additionally, because the direction in
which the diffuse reflection intensity is maximized is
shifted in EXAMPLE 3 depending on the asymmetrical shape of
the optical film, there is a difference of about 10° in ¢m
between the direction of the maximized diffuse reflectlcon
intensity and the specular reflection direction. However,
the calculation results of upward reflectance differ from

each other Jjust several percentages regardiess of which one
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of those two directions is selected for the calculation.
{Evaluation of Transmissicn Image Clarity)

For each of the optical films according to EXAMPLES 1%
and COMPARATIVE EXAMPLES 1-3, transmission image clarity was
evaluated as follows., Values of the fransmission image
clarity were measured in conformity with JIS K7105 using
optical combs with comb widths of 2.0 mm, 1.0 mm, 0.5 mm and
0.125 mm. A measuring apparatus used for the evaluation was
an image-clarity measuring device (ICM-1T) made by Suga Test
Instruments Co., Ltd. A total of the values of the
transmission image clarity measured using optical combs with
comb widths of 2.0 mm, 1.0 mm, 0.5 mm and 0.125 mm was
calculated. The obtained results are listed in Table 1. A
light source used here was the D65 iight sourcs.

(Evaluation of Haze)

For each of the optical films according teo EXAMPLES 1-9
and COMPARATIVE EXAMPLES 1-3, haze was evaluated as follows.

Haze was measured under measuring conditions in
conformity with JIS K7136 by using a haze meter HM-130 (made
by Murakami Cclor Research Laboratery Co., Ltd.). The
measured results are listed in Table 1. A light source used
here was the D65 light source.

(Evaluation of Visibility)
For each of the optical films according to EXAMPLES 1-9

and COMPARATIVE EXAMPLES 1-3, visibility was evaluated as
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follows.

The fabricated £ilm was affixed to a glass with a
thickness of 3 mm by using an optically transparent adhesive.
The glass was held at a distance away from the eyes about 50
cm, and the visibility was evaluated based on the following
criteria by observing the inside of an adjacent building at
a distance of about 10 m through the glass. The evaluation
results are listed in Table 1.

o+ neither multiple images nor clouding due to
diffraction appear, and the outer sight can be viewed
in a similar way to that when viewed through an
ordinary window

A : no problems occur in ordinary use, bul if there is a
reflector having a mirror-like surface, the perimeter
of the reflector is slightly blurred

x 1 what is present on the opposite (outer) side 1s
undistinguishable due to ciouding

%xx: there is no sight on the opposite {outer} side

{Evaluatiocn of Diffraction Pattern)

For each of the optical films according to EXAMPLES 1-9
and COMPARATIVE EXAMPILES 1-3, a diffraction pattern was
evaluated as follows.

The fabricated film was affixed to a glass with a
thickness ot 3 mm by using an optically transparent adhesive.

The glass was held at a distance away from the eyes about 50
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cm, and the diffraction pattern was evaluated based on the
following criteria by observing a lamp at a distance of
about 500 m through the glass. The evaluation resulls are
listed in Table 1.
o : the lamp can be viewed with no anncyances in a similar
way to that when the film 1s not affixed
A : a faintly spreading zone appears around the lamp, but
substantially no annovyances are felt
x : a spot-like strong pattern appears around the lamp
{BEvaluation of Surface Roughness)

Surface roughness of the optical film (EXAMPLE 3) to
which the random concave-convex shape had been transferred
by using the replica master fabricated with oblique blasting
was evaluated as féllows. The evaluation results are
plotted in Figs. 17A and 17/B.

Arithmetic mean roughness Ra was obtained by measuring
the surface roughness of the optical film with a probe-type
surface shape measuring machine ET-4000 (made by Kosaka
Laboratory Ltd.), and deriving a roughness curve from a two-
dimensiocnal profile curve. Measurement conditions were set
in conformity with JIS B0601:2001. Details of the
measurement conditions are as follows;

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

From the evaluation results, the following pointes were
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found.

A surface roughness pitch Px in the X-axis direction
was longer than a surface roughness pitch Py in the Y-axis
direction. Alsc, a mean concave-convex interval 5m was (.14
in the ¥-axis direction and 0.08 in the Y-axis direction.
(Fvaluation of Number of Days Taken for Processing to
Fabricate Master)

For esach of the replica masters used to fabricate the
optical films according to EXAMPLES 1-9, the number of days
taken for processing to fabricate the master was evaluated
based on the following criteria. For the purpose of
comparison, the number of days taken for processing to
fabricate a replica master having a corner cube shape was
also evaluated based on the same criteria.

o : within 2 days.(a risk that a trouble may cccur due Lo
the cccurrence of an earthguake, etc. during the

rocessing is low. Even 1f a trouble occurs during

the processing}.the master can be easily fabricated
soon by performing the processing again, and the
production of the optical films is not affected.
Hence, especial risk management 1s not necessary. )

A : 3 to 10 days (there is a risk that a trouble may occur
due to the occurrence of an earthguake, etc. during
the processing. If a trouble cccurs during the

processing, the master can be fabricated by performing



EXAMPLE 3 Table 2 Master processing method EXAMPLES, etc. Number of days taken for
processing to fabrlcate master

the processing again, but Lhe production of the
cptical films 1s possibly affected. It 1s hence
preferable that risk management is taken into
consideration.)

x : 11 dayse to 1 month (a risk that a trouble may occur
due to the occurrence of an earthquake, etc. during
the processing is high. If a trouble occcurs during
the processing, it 1s difficult to fabricate the
master by performing the processing again, and the
producticon of the optical fillms is severely affected.

Hence, risk management is necessary.)
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X From the above evaluation results, the following points are found.  In EXAMPLES 1 to
9, since the semi-transmissive layer or the wavelength-selective reflecting layer, which are
each the partially reflecting layer, is formed on the shaped resin layer having the random
concave-convex shape, the occurrence of the diffraction pattern can be suppressed. Also,
since the difference An in refractive index between the shaped resin layer and the embedding
resin layer is set to be not larger than 0.010, the value of the transmission image clarity can be
held not smaller than 50. Accordingly, the transmission Image through the optical film can be
formed as a clear image. In COMPARATIVE EXAMPLE l, because the partlally reflecting

layer is foriBdcort the flat surface of the o In
COM PAﬂQATNﬁE‘*‘ER{’S@RﬁPﬁ_@ 2. becaus& B bEry refi{ec&pﬁr@,ﬁ% tg)s[jérgg\eii Sge}aﬂge

. dig
thickness-of-100 'B\é'e,tfﬁ{f opticahfitm dggsppEEgnemit tight theretnrotgh. Tm COMPARATIVE
EXAMPLE 3, BesantefdiafcdiferenCeEMMPLE 1 and 2 o

Cutting into corner cube - %
shape

From the above evaluation results, the following points
are found.

In EXAMPLES 1 tc 9, since the semi~transmissive layer
or the wavelength-selective reflecting layer, which are each
the partially reflecting layer, is formed on the shaped
resin layer naving the random concave-convex shape, the
occurrence of the diffraction pattern can be suppressed.
Also, s=ince the difference An in refractive index between
the shaped resin layer and the embedding resin layer is set
£o be not larger than 0.010, the value of the transmission
image clarity can be held not smallier than 50. Accordingly,
the transmission image through the coptical film can be
formed as a clear image.

In COMPARATIVE EXAMPLE 1, because the partially
reflecting layer is formed on the flat surface of the
optical film, the upward reflectance is 0%,

In COMPARATIVE EXAMPLE 2, because the partially
reflecting layer is formed in a large thickness of 100 nm,
the optical film does not transmit light therethrough.

Tn COMPARATIVE EXAMPLE 3, because the difference An in



refractive index between the shaped resin layer and the embedding resin layer exceeds 0.010,
the value of the transmission image clarity is smaller than 50. Accordingly, the transmission
image through the optical film tends to be blurred in appearance.  While the embodiments of
the present technology have been described in detail, the present technology is not limited to
the above-described embodiments and can be variously modified on the basis of the technical
concept of the present technology.  For example, the structures, the methods, the shapes,
the materials, the numerical values, etc. explained in the foregoing embodiments are merely
mentioned for illustrative purpose, and different structures, methods, shapes, materials,
numerical Vafies étee carrarsobé 1REd WherrheeedsaRsin ASG thestricfures in the

above-desgribed.embodiments.can be.selegtively, combinedwith each ether without departing
from the scope of the present technology.  While the foregoing embodiments have been
described by veay of Exampleg in connectiorswithethescasé where- thePwirdeWw slind and the

e S ol speiet e e snde i srpn s
plurred in appearance.

While the embodiments of the present technology have
been described in detail, the present technology is noct
limited to the above-described embodiments and can be
variously modified on the basis of the technical concept of
the present technology.

For example, the structures, the methods, the shapes,
the materials, the numerical values, etc. explained in the
foregoing embodiments are merely menticned for illustrative
purpose, and different structures, metheds, shapes,
materials, numerical values, etc. can also be used when
necessary.

LAlso, the structures in the above-described embodiments
can be selectively combined with each other without
departing from the scope of the present technology.

Whnile the foregoing embodiments have been described, by
way of example, in connection with the case where the window
Blind and the reolling ééreen device are manually operated,
the window blind and the rolling screen device may be
electrically cperated.

The foregeoing embodiments have been described, by way



of example, in connection with the case where the optical film is affixed to the adherend, such
as the window member. However, the adherend, such as the window member, may be
constituted as the first optical layer or the second optical layer itself of the optical film. That
modification enables the adherend, such as the window member, to have the diffuse reflection
function in advance. While the foregoing embodiments have been described, by way of
example, in connection with the case where the optical body is the optical film, the shape of
the optical body is not limited to a film, and the optical body may have a plate- or block-like
shape. While the foregoing embodiments have been described, by way of example, in
connectiofi Witk tHe Case Bf appiiRg the presenttéchdiogy fo-the iifteRBF or Exterior
members,¢such as the-window member;theitting the slat ofifhe windgw:blind;,and the screen
of the rolling screen device, application examples of the present technology are not limited to
the illustrated<ores, ane ermbediméntsofthe présent techiol5§yere fuRfherZpplicable to other
interior and.exterior mempers,han (e aboye-desqribed ones.... Examplegst i interior or
exterior members to which the optlcai ody according to the embodiment of the present
technology ccasrbetapplied includean interiof Omextefior member formnehbythe loptical body
itself, and an interior or exteri%r member formed tﬁ‘/ a,transparent basg to which the optical
body (diffidE réffESory i afiiked. By instaliing Stich an imtérior or exterior member indoors or

outdoors near awingow; it is pessible sforexample, to diffusely reflect only an infrared ray to
the outdoor and to take visible light into the indoor. Accordingly, when the interior or exterior

member is instalied’ hedessity Rt GO AATRAG66r LpEEe T FBdHEEE” Furfier” ince the

interior or exterior member hardly.causes scatterseflection towarddthe ipdoor side, a
temperature rise in the surroundings can be suppressed. In addition, the optical body may be

applied towtheraffixingtatget hfernbets{adhérdhds) that theetrahspafenbasé depending on
the desired purpose, of, for example, controlling yisiolify andfarincreasingsyength.  While
the foregoing &mbodiments have been described, by way of example, in connection with the
case of applyingtthe presenictiechinodogytethe window blind and the rolling screen device,

application examples of the Present techn%lagyt are not limited toz}hg iIIustrg\g%d ones, and
r

embodiments of the' Brésént technology aré firther applicablé fo various solar shading devices

installed opthedndeeiereytdoorsidasc+ \Mhikeithe foregoing:embadimeritsshave been
described, by way of example, in connection with the case of applying the present kgechnology

to the sola?'Shdihg 'deliea (8%, te the tnterior or exterlor members, such

as the window member, the fitting, the slat of the window
biind, and the screen of the rolling screen device,
application examples of the present technology are not
limited to the illustrated ones, and embodiments of the
present technology are further applicable to other interior
and exterior members than the above-~described ones.
Examples ©of the interior or exterior members to wnhich
the optical body according to the embodiment of the present
technology can be applied include an interior or exterior

member formed by the optical body itself, and an interior or
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rolling screen device) where a degree at which the solar shading member cuts off the incident
light can be adjusted by taking up or letting out the solar shading member, application
examples of the present technology are not limited to the illustrated one. For example,
embodiments of the present technology are further applicable to a solar shading device where
a degree at which a solar shading member cuts off the incident light can be adjusted by folding
or unfolding the solar shading member. One example of such at solar shading device is a
pleated screen device where a degree at which a solar shading member cuts off the incident

light can be adjusted by folding or unfolding a screen as the solar shading member in the form
of bellowse*t Witife #E¥FSregoing EmbBEdimERte RETEBEer Yaschibet by wayof example, in

connectionwith.the case qf;applying the present technalegyda a herizontal-type,window blind
(Venetian window blind), embodiments of the present technology are further applicable to a

vertical-type wingow blindicr Thepresehediseiosdie oAting subjeCiAfateT refdted to that
disclosed in Japanese.Priority Patent Application JP 2010-137785 filed.in.the Japan Patent
Office on Juné %O,WZOfO', the éﬁﬁrselcéﬁt’entg_of%ﬁﬁ are hereby incorp%rate_d by reference. It
should bewriderstood by:=thaserskilled inithecart cthat varibus>modiicaticnig lcombinations,

sub-combinations and alterations may oceur de,perlmdinqdon de%gn {gguirggeggs and other
factors Insofaras'they ars withiit He scope df the’appendad claims ‘or the equivalents thereof.

exterior member is installed, necessity of lighting for an
indoor space is reduced. Further, since the interior or
exteriocr member hardly causes scatter reflectiocon toward the
indoor side, a temperature rise in the surroundings can be
suppressed. In addition, the optical body may be azppliesd to
other affixing target members (adherends) than the
transparent base depending on the desired purpose of, for
example, controlling visibility and/or increasing strength.

While the foregoing embodiments have been described, by
way of example, in connection with the case of applying the
present technology to the window blind and the rolling
screen device, application examples ¢f the present
technology are not limited to the i1llustrated ones, and
embodiments of the present technolegy are further applicable
fo various socolar shading devices installed on the indoor or
outdoor side.

While the foregoing embodiments have been described, by
way of example, in connectlon with the case of applying the

present technology to the solar shading device (e.g., the
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CLAIMS: 1. An optical body comprising: a first optical layer having a random
concave-convex surface; a reflecting layer formed on the concave-convex surface; and -

a second optical layer formed on the reflecting layer to embed the concave-convex surface;
wherein the reflecting layer is a wavelength-selective reflecting layer for diffusely reflecting, of
incident light, light in a specific wavelength band and transmitting light other than the specific
wavelength band therethrough. 2. An optical body comprising: a first optical layer having a
random concave-convex surface;

rolling screen device) where a degree at which the solar
shading member cuts off the incident Iight can be adjusted
by taking up or letting cut the solar shading member,
application examples of the present technology are not
limited to the illustrated one. For example, embodiments of
the present technology are further applicable to a solar
shading device where a degree at which a solar shading
member cuts off the incident light can be adjusted by
folding or unfolding the soclar shading member. One example
of such a solar shading device is a pleated screen device
where a degree at which a solar shading member cuts off the
incident Llight can be adjusted by folding or unfolding a
screen as the solar shading member in the form of bellows.

While the Fferegoing embodiments have been described, by
way of example, in connection with the case of applyving the
present technology to a horizontal-type window blind
(Venetian window blind), embocdiments of the present
technology are further applicable to a vertical-type window
blind. |

The present disclosure contains subject matter related
to that discleosed in Japanese Priority Patent Application JP
2010-137785 filed in the Japan Patent Office on June 16,
2010, the entire contents of which are hereby incorporated

by reference.

Qr
e
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Tt should be understood by those skilled in the
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a reflecting layer formed on the concave-convex surface; and a second optical layer
formed on the reflecting layer to embed the concave-convex surface;  wherein the reflecting
layer is a semi-transmissive layer for diffusely reflecting part of incident light and transmitting
the remaining light therethrough. 3. The optical body according to Claim 1 or 2, wherein a
value of transmission image clarity for the light at wavelengths transmitting through the optical
body is not smaller than 50 when measured in conformity with JIS K-7105 using an optical
comb with a comb width of 0.5 mm. 4. The optical body according to Claim 1 or 2, wherein
a total value of transmission image clarity for the light at wavelengths transmitting through the
optical body i nBE Ehaferiaht230 WAER mEIEHIEE fri LBRfortHity Wit 3TS K-7105 using
optical combs with combwidths of 0,125 M08 Mo 4. 08¥MANE 20 MBkents 5. The optical
body according to anyone of the preceding claims, wherein a difference in refractive index
between thedirstbpticArrayer and e second Gisticaliay et i nbt MGrestharF0010. 6. The
optical boq%gcggﬁgigge@ anyone of the preceding claims, wherejn the first optical layer and
the second optical layer are made of the same resin haying transparency in a visible range,
and the second optical layer contains one or more additives.
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7. The optical body according to anyone of the - 106 - 7. The optical body according to
anyone of the preceding claims of the first optical layer and the second optical layer absorbs
light in a specific wavelength band within a visible range. 8. The optical body according to
anyone of the preceding claims, wherein an optical layer is formed by the first optical layer and
the second optical layer, and the optical body further comprises a light scatterer in at least
one of positions on a surface of the optical layer, inside the optical layer, and between the
wavelength-selective reflecting layer and the optical layer. 9. The optical body according to
anyone of.the preceding claims, further comprising a water-repellent or hydrophilic layer on an
incident surface of the optical body. 10. The optical body according to anyone of the
preceding claims, wherein the optical body diffusely reflects the light in the specific wavelength
band to prevent the light in the specific wavelength band from entering a predetermined space,
while transmitting thelight thér thifthe" SPEGHiE Widielength band therethrough to be taken

into the predet%”@m?gtsQﬁ%cal layer having a random concave-convex

surface;

a reflecting layer formed on the concave-convex
surface; and

a second optical layer formed on the reflecting lavyer
to embed the concave-convex surface;

wherein the reflecting laver is a wavelength-selective
reflecting layer for diffusely reflecting, of incident light,
light in a specific wavelength band and transmitting light

other than the specific wavelength band therethrough.

2. An optical body comprising:

a first optical layer having a random concave-convex
surface;

a reflecting layer formed on the concave-convex
surface; and

a second optical laver formed on the reflecting layer
to embed the concave-convex surface;

wherein the reflecting laver 1s a semi-transmissive
layer for diffusely reflecting part of incident light and

transmitting the remaining light therethrough.
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11. The optical body according to anyone of the preceding claims, wherein the
wavelength-selective reflecting layer is made of a transparent electrocondubtive film
containing, as a main component, an electroconductive material having transparency in a
visible range, or a functional film containing, as a main component, a chromic material that
reversibly changes reflective performance thereof upon application of an external stimulus.

12. The optical body according to Claim 2, wherein the optical body diffusely reflects the part of
the incident light to prevent the part of the incident light from entering a predetermined space,

while transmitting the, keaining light therethrough g be taken inta the predetermined space.
13. The optical body according to Claim 2, wherein the semi-transmissive layer has
transmittancelofs %ot rmorerants70% orfess iAlewhvelerythtrafge 6B Am or longer to
1000 nm or shorter.  14. A window member including the optical body accarding to anyone
of the prgc%g&in%nagf}ﬁsjt f@_%%ﬁ%j ?r?tlgg?n%ug ﬁg#ﬁﬁggﬁ%h%ﬁgr% FE)r%\c/)i %d‘-sl(%% - with the
optical begy aceerdingr-tosanyane ofithespreceding elaimsmity with JIS XK-7105

using an optical comb with a comb width of 0.5 mm.

4. The optical kody according to Claim 1 or 2, wherein
a total value of transmission image clarity for the light at
wavelengths transmitting through the optical body is not
smaller than 230 when measured in conformity with JIS K-7105
using optical combs with comb widths of 0.125 mm, 0.5 mm,

1.0 mm and 2.0 mm.

5. The optical body according to anyone of the
preceding claims, wherein a difference in refractive index
between the first optical layer and the second optical layer

is not more than 0.010.

. The optical body according to anyone cof the
preceding claims, wherein the first optical layer and the
second cptical laver are made of the same resin having
transparency in a visible range, and the second optical

layer ccontains one or more additives.

7. The optical body according to anycne of the



16. A solar shading device comprising one or plural solar shading members to cut off sunlight,
wherein the solar shading member includes the optical body according to anyone of the
preceding claims. 17. An optical body manufacturing method comprising the steps of:
forming a first optical layer having a random concave-convex surface;  forming a reflecting
layer on the concave-convex surface; and  forming a second optical layer on the reflecting
layer to embed the concave-convex surface;  wherein the reflecting layer is a
wavelength-selective reflecting layer for diffusely reflecting light in a specific wavelength band

and transmitting.I.ighfk%h%%%tp%%cig% g\é&}:vcc{aj!%ngtthob%rﬁ% Ct)rﬁ%reél%rot%gen. 18. An optical
body manufacturing method comprising the steps oft
preceding claims of the first optical laver and the second

optical layer absorbks light in a specific wavelength band

within & visible rangs.

8. The optical body according to anvone of the
preceding claims, wherein an coptical layer is formed by the
first optical layer and the sscond optical lavyer, and

the optical body further comprises a light scatterer in
at least one of positions on a surface of the optical layer,
inside the optical layer, and between the wavelength-

selective reflecting layer and the optical laver.

. The optical body according to anyone of the
preceding claims, further comprising a water-repellent or

hydrophilic layer on an incident surface of the optical body.

10. The optical body according toc anycne of the
preceding claims, wherein the optical body diffusely
reflects the light in the specific wavelength band to
prevent the light in the specific wavelength band from
entering a predetermined space, while transmitting the light

other than the specific wavelength band therethrough to be

taken into the predetermined space.



forming a first optical layer having a random concave-convex surface; forming a reflecting
layer on the concave-convex surface; and forming a second optical layer on the reflecting
layer to embed the concave-convex surface; wherein the reflecting layer is a
semi-transmissive layer for diffusely reflecting part of incident light and transmitting the
remaining light therethrough. 19. The optical body manufacturing method according to
Claim 17,or 18 further comprising the step of forming a random concave-convex surface in a
master surface, wherein, in forming the first optical layer, the random concave-convex

surface in the master.surface is transferred.to-a matetial of the first qptica] layer, thereby

forming the first optical layer having the random concave-convex surface. 20. The optical
body mapufactdring method=aceordirig. to Chainy 4 9¢ whegein; frefermingshe random
concave-convex shape in the master surface, the random concave-convex surface is formed in

the mast&r Suftace’ by a 34nd BIashiAg tnéthod, 5 RREP HtERerénce methcd “8F & méthod
utilizing phatelithography and &tehing,s i r component, an electroconductive

materlial having transparency in a visible range, or &
functicnal film containing, as a main component, a chromic
material that reversibly changes reflective performance

thereof upon applicatlion of an external stimulius.

12. The optical boedy according to Claim 2, wherein the
optical body diffusely reflects the part of the incident
light to prevent the part of the incident light from
entering a predetermined space, while transmitting the
remaining light therethrough to be taken into the
predetermined space.

13. The optical body according to Cilaim 2, wherein the
semi-transmissive layer has transmittance of 5% or more and
70% or less in a wavelength range of 300 nm or longer to

1000 nm or.shorter.

i4. A window member including the optical body

according to anyone of the preceding claims.

15, A fitting including & lighting portion provided



with the optical body according to anyone of the preceding

claims.

16. A solar shading device comprising one or plural
solar shading members to cut off sunlight,
wherein the solar shading member includes the optical

body according to anvyone of the preceding claims.

17. An optical body manufacturing methced comprising
the steps of:

forming a first optical laver having & random concave-
convex surface;

forming a reflecting layer on the concave-convex
surface; and

forming a second optical layer on the reflecting layer
to embed the concave-convex surface;

wherein the reflecting layer is a wavelength-sslective
reflecting layer for diffusely reflecting light in a
specific wavelength band and transmitting light other than

the specific wavelength band therethrough.

18. An optical body manufacturing methed comprising
the steps of:
forming a first optical layer having a random concave-

convex surface;
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forming a reflecting laver on the concave-convex
surface; and

ferming a2 second optical laver on the reflecting layer
to embed the concave-convex surface;

wherein the reflecting layer is a semi-transmissive
layer for diffusely reflecting part of incident ilight and

transmitting the remaining light therethrough.

19. The optical body manufacturing method according to
Claim 17,cr 18 further comprising the step of forming a
random concave-convex surface in a master surface,

wherein, in forming the first optical layer, the random
concave-convex surface in the master surface is transferred
to a material of the first optical laver, thereby forming
CLhe first optical layer having the random concave-convex

surface.

20. The optical body manufacturing method according to
Claim 19, wherein, in forming the random concave-convex
shape in the master surface, Lhe random concave-convex
surface is formed in the master surface by a sand blasting
method, a laser interference method, or a method utilizing

vhotolithography and etching.
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