OPTICAL BODY, WALL MEMBER, FITTING, AND SOLAR SHADING DEVICE BACKGROUND
Embodiments of the present invention relate to an optical body, a wall member, a fitting, and a solar
shading device. More patrticularly, embodiments of the present invention relate to an optical body for
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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 film, a metal-containing film, a
transErergevmoconductive 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 sunlfgteesiitBessecutally HegulangPriflectbBVERSTefSte, KR A§Kt ifconiiny FPéhitRd sky and

specularly reflected by the flat window glass reaches other buildings and the ground in the nearby
outdo&F Tﬁere?he"f%%/}is 15E6tbed afid gfjrﬁtéh%a’to ﬁena% i PRARE (B DA (RIES

, thus raising the am iRt ter%peratUre.

Accorglingly, gé&cﬂ&mggr Ire éiﬁg@&%@ligstheﬁurr%digg%Qggpuikng,gg}pcvlvg;@h all windows are

coated with the above- mentioned type of reflecting layer. This gives rise to the problems that, in

urban@seas. apeadsndqhenomendiriswasseleratedantdags tnes detgrav dhareas irradiated
with the reflected light. SUMMARY
From the viewpoint of reducing an air conditicning load,

there is marketed a window film for solar shading. A £ilm for
reflecting the sunlight is also marketed as one example of the
golar shading technique. To produce such & £ilm, various
techniques are already disclosed which employ, as a reflecting
layer, an optical wmultilayer f£ilm, a metal-containing film, a
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 dincident sunlight is just specularly
(regularly) reflected. Therefore, the light incoming from the
sky and specularly reflected by the flat window glass reaches
other buildings and the ground in the nearby outdoor where the
light is absorbed and converted to heat, thus raising the
ambient temperature. Accordingly, a local temperature rise
occurs in the surroundings of a building in which all windows

are coated with 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 optical layer formed on the reflecting layer to embed the
concave-corvex sufdceype Hdwever avfiemyiewingan eléotric lamyz:at afaedistaridesin the night
through the above-mentioned optical body, a diffraction pattern appears. As a result of intensively

conducting” SIS ith/iftent 10' sUppres s the Secutrehice of SucH & ditf 23R8 patter, the inventors
have found, that the accyrrence of the diffraction pattery cap be-suppressed by:-forming the

concave-convex surface of the first optical layer in a random shape. Embodiments of the present
invention have bedh accemplished based on the above-described finding. According to one aspect
of the present invention, 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 opticgl Jayer 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:transmittingdightiether than the specific, wavelengtizband '
therethrough. According to another aspect of the present invention, there is provided an optical
body includfifigia fitst bpiic AFayBP hadihy 4 rarfid d?ﬁ%&%a@@%ex%uﬁfﬁ? L 3%efl@Bfing layer formed

on the congave-conwex sprfage. and a second optical layer formed.an the teflecting layer to embed the
concave-convex surface, Wherein the ref?ectlng layer |s%gj sem|-transm|sswe]layer for dn??usely
reflecting pastef-ingidend lightanddranismitting the remaining light
With the view of sdlving the above-mentioned problems
in the related art, the inventors have conducted intensive
studies on an optical body capable of directioconally
reflecting the sunlight in directicn other than the
direction in which the incident light ils specularly
reflected, As a result, the inventors have succeeded in
providing an optical body that includes a first optical
iayer having a concave-convex surface in which structures
‘aré arrayved at a regular pitch, a reflecting laver formed on
the concave-convex surface, and a second optical layer
formed on the reflecting layer to embed fthe concave-convex
surface.
However, when viewing an electric lamp at a far
distance in the night through the above-mentioned optical

body, a diffraction pattern appears. As a result of



there through.  According to another aspect of the present invention, there is provided a window
member including the above optical body.  According to another aspect of the present invention,
there is provided a window member including a lighting portion provided with the above optical body.

According to still another aspect of the present inventiqn, there,is provided a ical_hody;
Kod ARG T2 Stape 0 F5ing St Qo ayer havirid fandem*°°

g} nsive }.ES .
manufacturing me orming atirst optical layer having a random

concayeccanvex-sirface, feuning a reflecting tayesnn thetconcaye-convexiswréaceoaad foavking a
second optical layer on the reflecting layer to embed the_concave-convex surface, wherein the

refleciRy A eri8atwarBRNGRSISCHVE FeflScting 1 er¥or GFRSER FBfleRfd fight in“2Epetfic
wavelgngth band and,ransmitting Jightiather thansthe_specificivayelepgtisband therethroughe

According to still another aspect of the present invention, there is provided an optical body
manufadtdrheg mealyed inchuding edsteps s isrming a first optical layer having a random

concave-co surface, forming, a reflecting layer. n Igl (i‘gplcagg{l%on%géﬁug%%% ?pflf Ing a
second optig’%lﬁelél?/cg%%ﬁr%ﬁg réjfﬁcﬁer}]lg Ialf/lé?ts%re%bég téee%:oncave-convex surface, w erélnt e
reflechiag tayesis alsemilicansmissive layed faridifiusely reflecting part of incident light and transmitting

the remaining light therethrough. With the embodiments of the present invention, as described

above, sinc fé%éa\?é?@ngqﬁ-sé’i‘éﬁti\?esl%gﬁfé&irfbfla%’rﬁorﬁ?ﬁgE(‘?ﬁ?—ﬂéﬁﬁ%ﬁ%ﬁ%ﬁé\yeﬁ? formied on the
randogl-eoncave-convey sutace ¢fdhe firsioptigatlayel, thedight 4ptical 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 tc embed the concave-convex gurface,
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.

According to another aspect of the present invention, there
is provided an optical body including a £irst 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 dincident light and

transmitting the remaining 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 foimed 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.
Furtheg_1 sm(%:%the cond optical layer is formed on the reflecting layer to embed the random
concave-convex sittace of the first optical layer, a transmission image through the optical body can be
clearly wewed:cor]ihtmg with mecsrhboﬂlmepts:@f thé présenpiraeaticn, dvceiatsh oftheYeat-island

phengmenon ca e ed. Further the rrencecgf a fg@gtl patter gansbe suppressed.
BRIE&FDI?geﬁﬁa‘?f% DRA ﬁGé lrﬁ isa se%llonal VIEW |IIustrat|ngtg§ne example of
structure of m@pﬂdﬂﬁt_i;mtamcatdn@mra fisgpentbonimehte apd Fige B isravsettional vieWaligstrating

an example in whi eoptlcal f| according to the first embadiment i an, rend (i.e. a
target'td wIﬂEﬁ’Yﬁégsétlcaef filrm} |sntoqbe affi xeé%5 YRy 5Z |sé21ngenlarge aégt)%% wew%%%ﬁ%?am the
functipr f theeaptical film laecatsting:tasireifiratlembdgiment; Fig. 3 is a schematic view illustrating one

example of construction of an a atus f I manufacturi gt the |caI film or the first
embodiment:“CCEFEIA LS 45'{) rafe s?fccesswe 5 e;iéls toI%ex% ain Bhe e%ﬁr%np? tzﬁ??ng]egtéod of

manuﬁﬂéﬂﬂﬂgﬁheﬁﬁﬁﬁﬁHQEWa@COﬂ@ﬂ@d@jhajmﬁyemmndmmmﬁurlng method including
the steps of forming a first optical layer having a random
concave-convex surface, forming a vreflecting Ilayer on the
concave-convex gsurface, and forming a second optical layer on
the reflecting layer to embed the concaﬁe~convex surface,
wherein the reflecting layer is a wavelength-selective
reflecting layer for diffusely reflecting light in a gspecific
wavelength band and transmitting light other than the specific
wavelength band therethrough.

According to still another aspect of the present invention,
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-convex surface, and forming a second optical layer on
the reflectiﬁg layer Ito embed the concave-convex surface,
wherein the reflecting layer is a semi-transmissive layer for
diffusely reflecting part of incident iight and transmitting the
remaining light therethrough.

With the embodiments of the present invention, as described
above, since the wavelength-selective reflecting layer or the
semi-transmissive layer is Zformed on the random concave-Cconvex
surface of the first optical.layer, the light
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Figs. 5A and 52 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
emboflimehne spigsidA o stiNadeaeisucdeasie Sepsictexpaitonglexdiple dhtedsBthod of
manufacturing the optical film according to the first embodiment; Fig. 9A is a sectignal yiew
illustrafiibne SXEAmMPE of b ElTE %)Yan%%ﬁ:gﬁﬁ%g;iccordf%% B'a ses?itol}\%eem%% imént, and Fig. 9B

s an erge sectiopal viewto explain he dypetion of the,gptical fn agqording ta dyesgecond

em_bo iment; Elgs. 10A to 100 are each a sectional view illustrating one example of structure of an

optical filn accending 16,3 thirdspmbodiments rme Figokl isasectiandbriendbusteatngamerexample. of
structure of an optical film according to a fourth embodiment; Fig. 12 is a sectional view illustrating

one exampéecef, struchee obanwptiealfim azkording i fmaction pattern can be

guppressed. 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 invention,
acceleration of the heat-island phenomenon can be suppressed.
Further, the occurrence of a diffractién pattern can be

suppressed.

BRIEF DESCRIPTICN OF THE DRAWINGS

Fig. 1A is a sectional view illustrating 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 f£ilm according to the first embodiment;

Fig. 3 is a schematic view illustrating one example of



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. 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. 15B is a sectional view, taken along line XVB-XVB in F
g. 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. 16B is a sectional
view illustrating one example of structure of an optical body; Figs. 17A and 173 are each a

sectional profileslustrating the eesult-afameasurig surface feughmessioftaseplivalrrbter; Fig. 18Ais a

‘graph illustrating spectral transmittance
£ilm according to the first embodiment;

Figs. 4A to 4C illustrate successive steps to explaln
one example of a method of manufacturing the optical film
according te. the first embodiment;

Figs. 5A and 3B are illustrations to explain one
example of a.method of processing the master surface by sand
blasting; |

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

Figs. 78 to 7C 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 tb explain
one example of the method of manufacturing the optical film
according to the first embodiment;

Fig. 94 is a sectional view i1llustrating cne example of

‘structure of an optical film according to a second
embodiment, and Fig. 9B is an enlarged sectional view to
explain the function of the optical film a;cording to the
second embodiment;

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

third embodiment;



waveforms of optical ilms of EXAMPLES 1, 3 and 4, and Fig. 18B is a graph illustrating spectral
reflectance waveforms of the optical films of EXAMPLES 1, 3 and 4; Fig. 19A is a graph illustrating
spectral transmittance waveforms of optical films of EXAMPLES 8 and 9, and Fig. 195 is a graph
illustrating spectral reflectance waveforms of the optical films of EXAMPLES 8 and 9; Fig. 20Aisa -
- graph illustrating spectral transmittance waveforms of optical films of COMPARATIVE EXAMPLES 1
and 2, and Fig. 208 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 fiilms of EXAMPLES 1 to 9 and
COMPARATIVEEEXAMPLES ktos8ctideigl 22 isanillustetion-toiexplain polaree6érdifate plotting;

Fig. 23 illustrates a polar coordinate plot for the optical film of EXAMPLE 1I_“;1r1 Fig. 24 illustrates a
polar coordinate plot tortheSptidat i of EXAMBLE 2% "IFiy 25 ifid&tratés a polar coordinate plot

for the opt@%ﬁ@g&@(’AMPLE 3;

'Fig.ll2 is a sectional view illustrating one example of
structure of an optical film according to a fifth
empodiment;

Fig. 13 is a perspective view illustrating one example
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. 15B is a sectional view, taken
along line XVB-XVB iﬁ Fig. 152, 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 @@bodiment,
and Fig. 16B is a sectional view illustrating one example of
structure of an cptical body;

Figs. 17R and 17B are each a sectional profile
illustrating the result of measuring surface roughness of a
replica master;

Fig. 18A is a graph illustrating spectral transmittance



Fig. 26A 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 1, and Fig. 265
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. 27isa
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 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 wayelengib-selegtivefilm-havingdiffuse reflestiverpower)s  2.Secong-empediment (in which
an optical film is a semi-transmissive film having diffuse reflettive power) 3. Third embodiment (in
which an opfi€alifiimringhades & ligheseattareg) spectral reflectance waveforms

of the optical films of EXAMPLES 1, 3 and 4;

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

Fig. 20A is a graph i1llustrating spectral transmittance
waveforms of optical films of COMPARATIVE EXAMPLES 1 and 2,
and Fig. Z0B is a graph i1llustrating 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 1s an illustration to explain polar coordinate
plotting;

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

Fig. Z4 illustrates a polar ccoordinate plot for the
optical film of EXAMPLE 2

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

Fig. 26A is a graph i1llustrating the result of plotting



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) 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) 8. Eighth embodiment (in which an optical film is applied to a
fitting) <1. First Embodiment> [Structure of Optical Film] = Fig. IA is a sectional view illustrating one
example of structure of an optical film 1 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. The optical film 1, serving as an optical body, is a wavelength-selective optical film having
diffuse refleetive:power. The wayvetength-selectivieroptical ditm-having diffuseireflective power diffusely
reflects, of incident light, light in a specific wavelength band, while transmitting light other than the
specific waveteritith hahethierétifoddh STHE opficaFfifil preferably s & beltiketsHape. The optical
film 1 havm a beII;CIJke ﬁh% can %%ﬁ%yb tﬁ;lcate%\/\@uh a r%lkg) roII grogcze%s)hFurther, the belt-like

optical fllm ¢an elé:éasny handle by win info a rof.

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
reflecticn intensity in an azimuth including an axis of
incident light and an axis of specularly reflected light in

the optical film of EXAMPLE 3.

DETAILED DESCRIFTION OF EMBODIMENTS
Embediments of the present technology will ke described

below in the folliowing order with reference to 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 1s a semi-
transmiseive 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)



As illustrated in Fig. 1A, the optical film 1 includes an optical layer 2 having an interface formed therein
in a random concave-convex shape, and a wavelength-selective reflecting layer 3 formed at the
interface in the opticallayer 2. The optical layer 2 includes a first optical layer 4 having a first surface in
a random concave-convex shape, and a second optical layer 5 having a second surface in a random
concave-convex shape. The interface in the optical layer 2 is formed by the first and second surfaces
each having the random concave-convex shape, which are arranged to face each other. Stated
another way, the optical film 1 includes the first optical layer 4 having a random, concave-convex
surface, the wavelength-selective reflecting layer 3 formed on the random concave-convex surface of
the firstopticat |ayer4, rand-theisecond opticaldayer 5 formped oathé Wavelengtheselective reflecting
layer 3 so as to embed the random concave-convex surface on which the wavelength- selective
reflecting layer3 15 foried: Fhgloptical film Ihas an incident surface Si on which light, such as the

sunlight, is incident, and an emergent surface VA fr ﬂpi%l%g rt.of the Jight incident.qn;the incident
surface S1 er?]érg%sv,etﬂdéﬁ[‘)aerfnrﬁg\?%ré%la{;ssgdnthrc&g 1the op |ca%l fﬁm 1. The optic%l%%r% 1 is suitably
applied to inner wall members-euterauall members, window members, wall materials, and so on.
Further, the optical film 1 is suitably applied to a slat (one example of a solar shading member) of a

window blind{sh&de)ahd erdcrdéngatother exahipledt the sbidr! shadfgimefiter) 6% rolling screen

device. Moreover, the ,%ptgcal film 1 is suitably employed as an optical body that is disposed in a

lighting poﬁ%naofféﬁﬁiﬁr]gg(i.e., an interior member or an exterior member), such as a shoji (i.e., a

paper-made;and/or glass-ifted sliding door).
| iStructure.of Optical Film]

Fig. 1A is a sectiocnal view illustrating one example of
structure of an optical film 1 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. The optical film 1,
serving as an optical body, 1s & wavelength-selective
optical film having diffuse reflective power. The
wavelength-selective optical f£ilm having diffuse reflective
power diffusely reflects, of incident light, light in a
specific wavelength band, while transmitting light cother
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 fabricated with a
roll-to-roll process. Further, the belt-like optical film 1
can be easily handled by winding it into a roll.

As illustrated in Fig. 124, the optical film 1 includes

an optical layer 2 having an interface formed therein in a
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The optical film 1 may further include a first base 4a, when necessary, on the side providing the
emergent surface S2 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 S1 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 Si and the emergent surface S2 of the optical film 1, which is to be affixed to a window
member 1Q.-Thus, the-optical flim-Leis affixed 1o theiindoos of Deitdeor-side of thewindow member 10,
i.e., the adherend, with the affixing layer 6 interposed therebetween. The affixing layer 6 can be
formed, forexample, a5 abonbing EyEredntdinififa bORE (€3 ca UV-chife®Fesifdt a two-liquid
~mixed resin) as a main component, ar as an_adhesive layer containing dhesiv . aPSA
(Pressure %%Pﬁeséilfivge1 ‘Adf%(gselve %%dgqm%ﬁ}&%?ngoﬁgrﬁﬁﬁesn ?he%ﬁiii’ng% a%z?%fls %(gf %%hesive layer,
a peel-off laygr, ¢ is preferably fugherformedhon the adfixing tayes H: Thisesablasdhe optical film 1 to
be easily affixed, just by peeling off the peel-off layer 7, to the adherend, e.g., the window member 10,
with the affixidg dayerc® interposeththekeletvdera v iIFfon the VieWpdiRt SEiferedsifg adhesion
between the second base Sa and one orhboth of tji]g aff:.%ig I@yecre6 :aLLnd glgl% sgc(?ng é&ptical layer 5, the.
optical film T Hay furfier INEIude ™ pimer t&er (no %hoWh%E*éﬁNeen the seconid base 5a and one or
both of the affixing-layer ¢ angthesecond optical layer 5 Alse.frem:theadewpgirt of increasing
adhesion at the same location(s), it is preferable to carry out ordinary physical pretreatment instead of
or in additibr td fornting therpiimeriayesvEne ordinarys paysicalpretreatmentinehides e.g., plasma
treatment or corona treatment. The optical film 1 may further igclude a barlrie; .Ifi\ er. (not shown) on

one of the frtidéiSsiifice ST 3RH the Bricrgert SUHATE 35 Which onedis atfixed o the adherend, e.g.,

the window: mepgber. 10,.ar betwsen.that one surface and the wavelength-selective-reflecting layer 3.
With the presence of the barrier layer, it is possible to reduce diffusion of moisture toward the
wavelength:selestive ueflecting layer 3=framethetineideht surface St bi the éntergeresudace 52 and to
suppress deterioration of a metal, etc. contained in the wavelength-selective reflecting layer 3.

Accordingly. dEabiliy of fife HpREAITITCL Cal beMhproved 't - 2Ffie OpticAffil F fhay further include a
hard coat layer,8 from the yieypajnt of giving.the stirface; ofthe qpfical i 4,with resistance against
excoriation, .
the wavelength-selective reflecting layer 3 so as to embed
the random concave-convex surface on which the wavelength-
selective reflecting layer 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 52 from which
part of the light incident on the incident surface S5l
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 applied to a

slat {(one example of a solar shading member) of a window

blind (shade} and a.screen (another example of the solar
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scratching, etc. The hard coat layer 8 is preferably formed on one of the incident surface S1 and the -
- emergent surface 52 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 various functional layers such as the hard coat
layer 8. The optical film 1 preferably has flexibility from the viewpoint of enabling the optical film 1
to be easily affixed to the adherend, e.g., the window member 10. Herein, the term "film" is to be
construed @isHneluging arsheeton ethee words;, the-apticatfitm ds<includeseanvepticalisheet as well.
The optical film 1 preferably, has transparency. The transparency preferably falls within a
later-descriséd farge bt FrahsiiisSish TRags GaMyCTRR diffe®hcein teftactiEihdexetween the first

optical layer 4 and the second o t_ilc | layer 5.is reg%ragle 0.010.qr;less, moge preferably 0.008 or less,
and even rﬁ%régl %)?gf%srsgb y‘O??08580r?%lstsJ¥f€tﬁ%o ifference in refractive ?nd(ex exc}zaeds 0.010, a

transmissign imagetendsite blurinappsarance. Whenthe differericesn refragtivelindex is more than
0.008 and not more than 0.010, there are no problems in daily life though depending on outdoor
brightness.| Witen tie Hifferenee it refrabtive ifdeg is fidré thaf b065 antd %ot more than 0.008, the

outdoor sight can be clearly viewed although it is unpleasant that an image of 2 hright object is slightly
blurred upon carg%hellycig%l%i‘ﬁ% aﬁﬁ%%eqrirﬂ%t%r %?ﬁ%[?%ﬁgﬁ{l géj%%E When t%é d%‘ference 'in refractive

index is 0.QQ% or Jgss, &clear ipage kanbeiebservedsegardless okthe brightnessafdhe transmission
image. One of the first optical layer 4 and the second optical layer 5, which one is positioned on the

side affixed to,o€. gt theawindon: mednisar 20, may eontdin @nladhedive a8 mait EBRTponent. With
such a feature, the optical film 1 Can be affixegl to, e.g., the vr\/indovylnjt%mb%rigig by directly attaching
the first optiGaIHa§ér 2 ot T8 SecBRd Optical IAYeF 5 that contairis the adhesive as a main component.

In that case, the: difference.in; tefraglive index-with respeet to-theadhesive is-preferably within the
above-described range. The first optical layer 4 and the second optical layer 5 preferably have the
same opticaheharaoteristics; slch astthe refrattive mdéxe Moresspévificallys tiefirst optical layer. 4

and the second optical Ia%/er 5 are preferably made _ .
the second base ba, optical characteristics described later,

such as transparency and coclor of the transmitted light, are
preferably satisfied in a state where the optical film 1
inciludes 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 inéident surface 51 and the emergent surface 32
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 outdoor side of the window member 10, i.e., the
adherend, with the affixing layer & interposed therebetween.
The affixing layer 6 can be formed, for example, as a
bonding lavyer containing & bond (e.g., a UVwcured resin or a

two-liguid mixed resin) as a main component, ©r as an
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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 conditions in a film forming process. On the other hand, when the first optical layer 4 and the
second optical layer 5 are made of different materials, a transmission image tends to blur for the
reason that light is refracted at the wavelength-selective reflecting layer 3, which provides a boundary,
due to the glifference in sefsactive.indexibeiweenzthe-«optical layess 4 and5rIn(particalargthere is a
tendency that when carefully looking at a transmission image of a bright object, blurring of the :
transmissiérimagets tohspictouslyeehseried NefE R ordel 16 adfet a& valte 6fthe refractive
index, an additive may be mixed.in the first optical layer 4.and/or cgnd optical layer 5. The first
optical Iayei“ral %ﬁd%]hgsse%c%%da g&ﬁ:%ﬁfye?%ﬁ%ge’feﬁab% ﬁgvgd%lfan%egge?n(?y %che visible range. Herein,
the term "t rancy; isdefined ashavngdwormeaningsy i.8g assnet-alisorbingilight and not
scattering light. When the term "transparency" is generally used, it often implies the former meaning
alone. Hoveevar} the Gpicalifitrck Acéérding to-thedfirst @mbotlimeht preferabl§ thasithe transparency in
both the meanings. A currently employed retroreflector is intended ta visually confirm_light reflected
from road 86?1%f‘&%thoé%ffo?l}ﬁgﬁtevevpéfk%%, gt%yfeorp?o’vigé) e?c rgoetic%%%?erﬁ%(?datieoh h’erg]%gge, even when
the retroreflectar hasa.Secatteding property.dight reflacted fropa ancunderlying feftector can be visually
observed if the retroreflector is in close contact with the underlying reflector. Such a phenomenon s
based on thesashe prineiple 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 for the purpose of
imparting an anti§fare proferfy SFcomtrast ‘the Siticat filtd 1a%§osra|ng %et%é%/en &

irst em%odiment

preferably dges not scatter:light for the regsan.that the opficalfilm.1 ig.featyred in transmitting light
other than the .diffusely reflected light of specific wavelengths, and that the optical film 1 is affixed to a
transmissivenmesaberitangmitting primyarily light bbtrapsmissiort Wavelengthis, fthusteowing the
transmitted light to be observed. Depending on usage, however, the second optic,‘al Iag/er 5 may be
intentionally Hrovidedavith tHE §catteifiy proer pown) oetween the second bas :

Sa and one or both of the affixing layer. 6 and the second
optical layer 5. Also, from the viewpoint of increasing
adhesion at the same location(s), it is preferable to carry
out ordinary §hysical pretreatment instead of cor in addition
to forming the primer layer. The ordinéry physical
pretreatment includes, e.g., plasma treatment or corona
treatmgnt.

The optical film 1 may further include a barrier layer
(not shown) on one of the incident surface 51 and the
emergent surface S2, which one is affixed to the adherend,
e.¢g., the wiﬁdow mempber 10, or between that one surface and
the Qavelength—selective reflecting layer 3. With the

presence of the parrier layer, it is possible to reduce



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 buildings,
houses, etc. and window members for vehicles. When the optical film 1 is applied to the architectural
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 west (e.g., within a range
from southeast to southwest). This is because, by applying the optical film 1 to the window member 10
oriented ag; mentiongd alzove, heatrays eanhe mose eifectivelytefleetede Theoptical film 1 can be
applied to not only a single-layer window glass, but also a special glass, such as a multilayer glass.
Further, thesfindoii nserhbif 107s Fottinfitedl to's §rssimadefmermbet, and iYRay be a member

~ made of a high polymeric materi ?avin ransparency. The optical Iayer% p _efega%lg% _
transparen%@%ﬁ %ﬁgex \‘/is?'tlﬂér}r]%ﬁae?g hgr}é%égn ISSuf?I%{eV%I ht eetof)fﬁga{:ﬁ “f/eor 2 éaving transparency in the

visible range,when the, optigalfilm: & ds affixed-tothe-windew-membersiQ,&:gndhe aviedow glass,
visible light is allowed to pass through the optical film 1 and lighting with the sunlight can be ensured.
The opticaPBfilm Aanay deraffixed 4o ¥ide bhiy-sin fnélsurfacelofa gldsspané&Butiiso an outer surface
thereof. Further, the optical film 1 can be used in combination with an additional heat-ray cutoff
film. For exathpl@} adight absorption coating may be disposed at the interface between air and the

optical film 1 (i.e.7Qp theoutgrmest surface. of the optical film 1)« Still further, the eptical film 1 can be
used in combination with a hard coat layer, an ultraviolet cutoff layer, a surface anti-reflection layer,
etc. When bagsor riorferofithiose fuhetippaliayers arevised tina combired manihes, the functional
layer(s) is preferably disposed at the- interface between the optical film 1 and air. However, the

ultraviolet AtbffTayeris t8 be dishosEGSdR the SfuedidstFio e Slin thar the optical film 1. Thus,
particularly.when the gptical film 14s affixedto.an, inner surfage.of the windaw:glass epdhe side facing

the interior _

cn one of the incident surface 31 and the emergent surface
32 of the optical film 1, which one is positioned on the
opposite side to the surface affixed to the adherend, €.¢.,
the window member 10. A water-repellent or hydrophilic
layer may be further formed on the incident surface 51 or
the emergént surface 82 of the optical f£ilm 1 from the
viewpoint of providing an antifouling property, etc. The
lavyer haviﬁg such a function may be formed, for example,
directly on the optical layer 2 or on one of various
functional layers such as the hard coat layer 8.

'The optical film 1 preferably has flexibility from the
viewpoint of enabling the optical film 1 to be easily
affixed to the adherend, e.g., the window member 10. Herein,

the term "film" is to be construed as including a sheet. In

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

- 14 -



of a room, the ultraviolet cutoff layer is desirably disposed between the inner surface 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 and the optical film 1. Depending on the usage of

~ the optical film 1, the optical film 1 may be colored to have a visually attractive design. When the
visually attractive design is given to the optical film 1, at least one of the first optical layer 4 and the
second optical layer 5 is preferably formed so as to absorb primarily light in a particular wavelength
band within the visible range to such an extent as not reducing transparency. Fig. 2 is an enlarged
sectional to explain the function of the optical film according to the first embodiment. The optical film 1
has the ingident surface Sl on which light L is incident. The optical film 1 diffusely reflects light Llin a

- specific wavelength band, which is part of the light L entering the incident surface 51, while '
transmitting light 1i2eothiet thian tHe spedific vwalrsiesgth Beard. Ya188 sthrrsiptical filmAchas transparency
to the light L2 other than the specific wavelength band. The transparency preferably falls within the
Iater-descr?b%adlr?’éhagree&ct}faﬁgrﬁl%s%lr r?ﬁrﬁaégjc%s' A 3 %@r—&g Cpmbe% Q/an%:e

= P .
arity. I]—:uftﬁler, a diffuse reflection characteristic may be

given with grisotropy. For exampla when the opticak-film L has abelt-like shape sthe: diffuse reflection
characteristic may have anisotropy between the longitudinal (lengthwise) direction and the transverse

(widthwise). ditegtiare thereof. t he Therdiffuselyireflected ightlinahe speeificawavelength band and the

transmitted light other than the specific wavelength band are %eet differentlé/ delpe din%fn the usage of
the optical fiftn“1°For &xéiple, whentthe gptieal fitm 1118 aPplied5 thEWindBW henber-10, it is
preferable thay the diffysely-reflected Jight jn the specific yyauelengih-hand isnear infrared light and the

transmitted light other than the specific wavelength band is visible light. In-more detail,
the'diffuselysreflecteddight ir the: specifie vravetengthelxand:isspréferablyt Aearinfrared light primarily
falling in a wavelength band of 780 nm to 2100 nm. By reflecting the near infrared light, a temperature

use inside AIUIRAHG éar be'Stistres 888 vhich the Sptical FRFRAfiRed t§85& wiidow member 10
such as the window glass: Aqqordingly. g-coaling.load cary be teduced apd engroysaving can be

achieved. Hereln, the expression "reflect” implies that the reflectance in a specific wavelength band,
e.g., in themea¢ infranedrange, is-preferably: 30% prordrepmare pieferablyi50%wremore, and even
more preferably 80% or more. The expression "transmit" implies that the transmittance in a specific
Wavdengﬂﬁﬁﬁﬁéﬁing on cutdoor brightness. When the difference in

refractive index is more than 0.005 and not more than §.008,

the ouédoor'sight can be clearly viewed although it is.

unpleasant that an image of a bright object is slightly

blurged upon carefully looking at the perimeter of the

bright object. When the difference in refractive index is

0.00% or less, a clear imags can be observed regardless of

the brightness of the transmission image. One of thé first

opticail layer.4 and the second optical layer 5, which one 1is

positioned on the side affixed to, e.g., the window member

10, may contéin an adhesive as a main component. With such

a feature, the optical film 1 can be affixed to, e.g., the

window member 10 by directly attaching the first optical

layer 4 or the second cptical layer 5 that contains the
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e.g., in the visible range, Is preferably 30% or more, more preferably 50% or more, and even more -
preferably 70% or more. A value of the transmission Image clarity in the wavelength band where
the optical film 1 has transmissivity is preferably 50 or larger, more preferably 60 or larger, and even -
more preferably 75 or larger when an optical comb with a comb width of 0.5 mm is used. If the value of
the transmission image clarity is smaller than 50, a transmission image tends to blur in appeafance. -
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 outdo& sight can be clearly viewed
although it is;Hnpleasant that-an inageef a:bright abjeetis:slightlyhlurned upornrearefidly looking at the
perimeter of the bright object. When the value of the transmission image clarity is not smaller than 75,
a diffraction pattefi éshardly disislaasihg: Forthies cd total dhalaesof e trafsmission image clarity
measured using optical combs with comg Widthc,? of O.lggén%lg).S mm, 1.0 mm and 2.0 mm is

preferably B36'5t14ye, Hiore BreférabR 270 of Targer, and &ver rore preferably 350 or larger. If the

total value of the fransmissionjmage; elatity,is-smallerthan-230; atransiissien imageends to blur in
appearance. When the total value of the transmission image clarity is not smaller than 230 and
smaller thah 276;thesd are noyproblems dmdaity lifectho ughedepdrrding bhcGutddBFBrightness. When
the tOtal value of the transmission image clarity is not smaller than 270_and smallgréhﬁn 350, the

outdoor sight tante eleatyViewed aithtyFonty & véry Bight object, SUch as & light source, causes a

displeasing, difftaction. pattetn. When,the iotal value, of the transmission:inage ¢lafiyiis not smaller
than 350, the diffraction pattern is hardly displeasing. Herein, the value of the transmission Image

clarity is medstifed inzconformigy Wwith, JIS. 7105y using ICME1T made bysSugaTesnmstruments Co.,
Ltd. When the wavelength to be transmitted differs from that of the D65 light source, the measurement

is preferably“peIfsred after Balibiatibnusing afitst havirmy the wabeldhgtF 16'Be transmitted.
Haze occugred in the wavejength hand-where the pptial film 1 has frapsmissivify. i, greferably 6% or

less, more preferefbly 4% or less, and even more preferably 2% or less. If the haze exceeds 6%, the
transmitteddlight ds scatiered and anvdewsisobscured. iMekeir,the hazetis measwredinabeordance with
the measurement method stipulated in JIS K7136 by usingHM-lSO made by Murakami Color
Research Lab6tafory Co.S Bt Whenthewarelngtia b fanrgmittéd aitfers from that of the D65 light
&MHC&theJ¥g§gggﬂﬂggkt can be improved. However, care is to be paid
to such a'poiﬁt that, even when the starting material is the
same, the refractive indexes of finally formed layers may
differ from each other depending on, £.g¢., CUring gonditions
in a film forming process. On the other hand, when the
first optical layer 4 and the second coptical layer 5 are
made of different materials, a transmission ilmage tends to
Wlur for the reason that light is refracted at the
wavelength-selective reflecting layer 3, which provides a
boundary, due to the difference in refractive index between
the optical lavers 4 and 5. In particular, there 1is a

tendency that when carefully looking at a transmission image

of a bright object, blurring of the transmission image 1s
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is preferably performed after calibration using a filter having the wavelength to be transmitted. The
incident surface St, preferably both the incident surface Si and the .emergent surface 32, of the optical
film | have smoothness at such a level as not degrading the transmission image clarity. More
specifically, arithmetic mean roughness Ra of the incident surface Si and the emergent surface 32 is
preferably 0.08 RI or less, more preferably 0.06 lam or less, and even more preferably 0.04. )(tm or
less. Note that the arithmetic mean roughness Ra is obtained as a roughness parameter by measuring
the surface roughness of the incident (emergent) surface and deriving a roughness curve from a
two-dimensional profile curve. Measurement conditions are set in conformity with JIS 60601:2001.
Details of a sn@asuring.apparatus anedthe measurement canditietisrarscas follows;ameasuring
apparatus: full-automated fine shape measuring machine SURECODER ET4000A (made by Kosaka
Laboratory’ Btk ke G8emit fevadiiation ferdert 4 #t 133dfE X5 diiyd&a S8nipfing Thterval: 0.5 pm.

The first optical layer 4, the second o ticaé layer 5, and the wavel ngth-sele tive reflecting layer 3,
which consttﬁﬂﬁte%fhresgpﬁ@aﬁJfffr%%,%ﬁ{) e eé%(/I:lr?beddr int%nn%rg’ detail below. F%st O%tical Layer and

Second Optical lsayery ; s T hefirst opticallayen 4 serves to, er-exampls; istpportara protect the
wavelength-Selective reflecting layer 3. The first optical layer 4 is made of a layer preferably

containingpe g ed eesin’as & avain conTporaiftirm the Vietvpoirt srgiving ke opticaF itk 1 with
flexibility. For example, one of two pringjpal Slgf%c.ese%f th f'gst Q%ticatnge%y(eI{ 4is.a ggnooth surface and
the other i$ 8%ah8bth coREREREEAVEY surjfgce? |rls?surface). The \%avelengﬁ'u-sefécti{/e reflecting layer
3 is formed op the yandam concaverconvexsurfaceiohthe first opticaklayeridnt. when

the term "transparency” is generally used, it often implies
the former meaning alone. However, the Optical film 1
according to.the first embodiment preferably has the
transparency in both the meanings. A currently employed
retror@flectoﬁ is intended to visually coﬁfirm light
reflected from road signs, clothes for night workers, etc.
to provide a noticeable indication. Therefore, even when
the retrérefiector has a scattering property, 1light
reflected from an underlying reflector can be visually
observed if the retroreflector is in close contact with the
underiying reflector. Such z phenomenon 1s based on the
same principle as that an image can be visually confirmed
even when antiglare treatment prdviding a scattering
property is applied to a front surface of an image display
for the purpese of imparting an antiglare property. In
contrast, the optical film 1 according to the first
embodiment preferably does not scatter light for the reason

that the optical film 1 is featured in transmitting light



The second optical layer 5 serves to protect the wavelength-selective reflecting layer 3 by embedding
the first surface (random concave-convex surface) of the first optical sayer 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., a resin as a main component from the viewpoint of giving the optical film
1with flexibility. For example, one of two principal surfaces of the second optical layer 5 is a'smooth
surface and the other is a 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-cgayex surfage ofdhe firstioptical layer d-ard the gancave-epavext isurface of the second
optical layer 5 differ from each other only in that they are reversed to each other in a random
concave-toreslitation thatelldwing déseriptibhis made Bbout thelédncai/é-Eshvex surface of the
first optical layer 4, . The first optical layer 4 preferably contains,-as a main component, a resin of
the type exti irtli?@laS Small r%%rﬂﬁc::'tel%n anﬁéyss%r%%]én(%lfsrtlcsnﬁ%% ué_L a %BO%Eand no significant
difference in-gtorage medulys hetwegn25C ands100C Jhrimare: detadlr thesfirst 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¢01 09 Peeorimore atd 00C, T first o ptitallaier4 s preférably Fidgde of one type of
resin, but it may contain twa or more types of resins. Further, the first optical layer 4 may be mixed
with an adal‘ﬁ%f“‘%h%%tﬁeccae]ss%?f er %Nﬁ%ﬁ tléé? fl“}g’ttg&i;c%ﬁﬁ%qeiﬁﬁ gorn(%f“ngségswal Fain component,
the resin of the type.exhibiting.a-small:reduction in its storage modulus at 100C and no significant
difference in storage modulus between 25C and 100C as described above, the first optical layer 4 can
substantially maintain ¢be intetface shapeias perdesighlevenswbena proeess undér application of
heat or both of heat and pressure is carried out after forming the random concave-convex surface (first

surface) of thafirstoptical tayer s &h the"dhel HARE. f the Tirst optical1ayar 2°Contains, as a main
component, g tesin of the type, exhibiting.a, large seduction ins its, storgge magulus 24100C and a

significant difference in storage modulus between 25C and 100C, the inteface shape is deformed from

the designedshapertassueh a targe @xtentthapthiezeptidal filmahrhafeé tudedn bands
other than the specific wavelengths, with, e.g., an adhesive
interposed therebetween. Examples of thé window member 10
include architectural window members for high-rise buildings,
houses, etc. and window members for vehicles. When the
optical film 1 is applied to the architectural window
members, it is preferably appiied to the window member 10
that is oriented to face, particularly, in some direction
withiﬁ a range from east to scuth and further_tq west {(e.g.,
within a range from southeast to southwest). 'Thislis
because, by applying the optical film 1 to the window member
10 oriented as mentioned above, heat rays can be more
effectively reflected. The optical film 1 can be applied to
not only a single—iayer window glass, but alsc a special

glass, such -as a multilayer glass. Further, the window
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The process under application of heat includes not only a process of directly applying heat to the.
optical film 1 or components thereof, such as annealing, but also 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 raised 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 obtained when a thermoplastic resin, a thermosetting resin, and an energy-ray
irradiation resipare useds noTheistorage medulus etthefirstopticaldayer-4.canbenagnfirmed, for
example, as follows. When the surface of the first optical layer 4 is exposed, the storage modulus of
the first opticaldayerdcanise eonfirmed byrmeasiFng e StérIgEModwIis 6f the exposed surface
with a micrg-hardness tester. \%hen the first base 4a, etc, are J%Eﬂ%ﬁd an_the surface of the first optical
layer 4, the 5{%?35’8%8&&1(15 of the ?l?s“tlopatlca F%/er can be con ir%eﬁaby peeling off the first base
44, etc. to make-thesurface af thefirst optical layer4 exposed and then measwringdherstorage
modulus of the exposed surface with a micro-hardness tester. A reduction in the storage modulus
at high tenfgeratures cah besappressed ifor exanipleaby acietHodtdfcadjastiry, ©.g 319 length and
the kind of a side chain when the thermoplastic resin is used, and hy a method of adjusting, e.g., the
number of %P@%-ﬁmnﬁ%ﬁﬁas&anfdl e r%ojrescueiéﬁrr%t}ﬁﬁc%uir:eo of Aers: |ﬁ‘kvin6e§cégeen]i vc\ji‘#én the
thermosetting resin QL the gRETOY;fayitradiation resin isused ;However it ispreferable that the
characteristics demanded for the resin material itself are not degraded with such a structural change.
Dependingtanr theytypenef thetcross-lihking agent; foriexemple, the storage snodulasat about room
temperature may be increased to such an extent that a_resin film becomes brittle, or that the resin film

. i ; l i pe 1
is curved of Birled diEtH &fge shifikage iERs: thérdtore, Préferabath properly sefdct the type of the
cross-linking,agent depending, onethe.derpanded charagtedstics,. . When the firgtoptical layer 4
contains a crystalline high-polymeric material as a main component, it preferably contains, as a main
component atesir: havigethe .glass transition point higher than a maximum temperature during a
manufacturing process and exhibiting a small reduction o ‘ ‘
Further, the coptical film 1 can be used in combinatlon

with an additional heat-ray cutoff film. For example, a

light abscrption 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). 8Still further, the optical

film 1 can be used in combination with a hard ccat layer, an

ultraviolet cutoff laver, a surface anti-reflection layer,

etc. When one or more of those functional layers are used

in a combined manner, the functional layer(s) 1s preferably

disposed at the interface between the optical film 1 and air.

However, the ultraviolet cutoff laver is to be disposed on

the side closer to the sun than the optical film 1. -Thus,

particularly when the optical film 1 is affixed to an inner

surface of the window glass on the side facing the interior



the storage modulus at the maximum temperature during the manufacturing process. If a resin having
the glass transition point in the range of the room temperature 25C to the maximum temperature
during the manufacturing process and exhibiting a large reduction 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. When the first optical layer
4 contains a noncrystalline (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 maximppum tepaperatye during aimasdfactiydyg precess. ifsa tesin hawving the melting point in the
range of the room temperature 25C to the maximum temperature during the manufacturing process
and exhibitiigpdarge Feduction iRtthe Storgestbluiss stithehhaXimdmitergeiat8uring the
manufacturing process is ysed, a difficulty occurs in maintaining the.ideal in ape as per
design durl‘r%gth%p%ja%ﬁ%c%ﬁ?’iﬁﬁgalp'rocésns.t%a%Hg?eEiﬁ , thaeneilﬁrgggi%ho"%n%xigrﬁ%%c%%%erature during
the manufagtyring precess"impliesamaximym tepeperature-attherandeon: eoncavercenvex surface
(first surface) of the first optical layer 4 during the manufacturing process. Preferably, the second
optical layerfs also sdtisfies thesaovermentioned hiumeridal ange of the storage modulus and the
above-mentioned temperature range of the Ias%transitionﬁ_poigi. filehLﬁS' a;gl%ast one of the first

optical layer 4 andttRe Secthd SptichT 1761 S prefera

eraﬁy ontains the resin ‘having the storage modulus

of 3 x 109 Bg.orless at 25C; Qn, sugh aondition.thexopticalfilm 4 canibe givenawith flexibility at the
room temperature 25C and can be manufactured with the roll-to-roll process.  The first base 4a and
the seconddeaseyba haviestrangparencydn an exemplan casacBach baseds prefekably s the form of a

film from the viewpoint of giving the optical film 1 with flexibility, but t@e foEm of the bg\se IS not
particularlyJititéd o tHeHfint. TRE firtIase™4 aldl the Setdhd bade 54 tanBe’64ch formed by using,

e.g., general high;polymeric materials. Examples-ofithe general high polymesicpatarials include
triacetylcellulose (TAC), polyester (TPEE), polyethylene terephthalate (PET), polyimide (PI), polyamide
(PA), aramig; petyethyleneAPE), polyacrylate; podyethersidfones pelysulfonepolypropylene (PP),
diacetyl cellulose, polyvinyl chloride, acrylic resin (PMMA), polycarbonate (PC), gg(i)é)é resin, urea

resin, urethahe regin: Prantmefinefeditowavar tRE niaterials 2 ot red

transparency.

Fig. 2 1s an enlarged sectional to explailn the.ﬁunction
of the optical film according to the first embodiment. The
optical film 1 has the incident surface Sl on which light L
is incident. The optical film 1 diffusely reflects light In
in a specific waﬁelemgth band, which is part of. the light L
entering the incident surface 81, while transmitting light
1L, other than the specific wavelength band. Also, the
optical film 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 ﬁharacteristic may

be given with anisotropy. For example, when the optical
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of the first base 4a and the second base 5a are not limited to the above-mentioned particular _
examples. The thickness of each of the first base 4a and the second base 5a is preferably 38 to 100 -
Lim from the viewpoint of productivity, 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 optigaldayerna hayedranspargacy i g exemplaryrease: Thefiest optical layer 4 and the
second optical layer 5 are each obtained, for example, by curing a resin Composition. As the resin
compositionhanserergy Thycuralessn eapasiecibeiRg BUFSE upbh irradiatibH Wit fight or an
electron beam, or a thermosetting resin capahle of being cured upon icatjon of heat is preferably
used from the VigWpGintor éie%sri%ggé‘ n parrcl)%i% i6n. As %evgﬁgsquﬁajyggﬁ% %eg?esin, a photosensitive
resin compgsition.capable of heing cured upon irradiation with light is preferable, and an ultraviolet
curable resin composition capable of being cured upon irradiation with an ultraviolet ray is most
preferable. FromThe vievipeint bf incréasingcatinesior betwéére e fifst opfical layer 4 or the second
optical layer 5 and the wavelength-selective reflecting layer.3, the resin composition preferably further

- contains a%ﬁﬁ%ﬂh%t@oﬁ{%ﬂ'ﬁn%rb%o%%ﬁo%%%is ,latggr%p%ﬁ %o%%%fné% gl%fc ﬁ??:eacid, and a
compound contairing butyralactane. Jhescompound containingphgsphasic-acid fay. be, e.g.,
(meth)acrylate containing phosphoric acid, preferably a (meth)acryi monomer or oligomer having
phosphorictaeid iz adenctionilegroupi The dompound cBatainngrstceinivaeid My be, e.g.,
(meth)acrylate containing succinic acid, preferably a (meth)acryi monom L, or oligomer having succinic
acid in a fuRBEdal grolip™ The corfpEnd Sohtaiking B ?gcg(%%@grﬁgy jgej e’g., (meth)acrylate
containing butyrglactone, preferably a (methlacryl.raenomes or pligamer,having butyrolactone in ,a
functional group. The ultraviolet curable resin composition contains, e.g., (meth)acrylate and a
photopolymegrizationdnitiater, dihe-ultiavioleticurablerresit cempositiornmayrfarthiee contain, when
necessary, a photo-stabilizer, a flame

transmitted light other than the specific wavelength band is
visible light. In more detail, the diffusely-reflected
light in the specific wavelength band is preferably near
infrared lith primarily falling in a wavelength band of 780
nm ﬁo 2100 nm. By reflecting the near infrared light, a
temperature rise inside a building can be suppressed when
the optical film 1 is affixed to the window mémber 10 such
as the window glass. RAccordingly, a cocling load can be
reduced and energy saving can be achieved. Herein, the
expression "reflect" implies that the reflectance in a
épecific‘wévelength pand, 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,

- 21 =~



retardant, - leveling agent, and/or an anti-oxidant.  As the acrylate, a monomer and/or an oligomer
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 derivatives, acetophenone
derivatives, anthraguingne dedyatives, 8ig<can beuiseg-alane pr in combinaties). Awaeount of the
photopolymerization initiator mixed is preferably 0.1% by mass or more and 10% by mass or less of
the solid comteft.-Hithiey affdunt of tive photopblymerizatsreinitizt e rixed is/less #af 0% by mass,
photo-curability is reduced to such a level as being not suitabl%_for,ipdustr[iazlulpéoduction from the
practical point ofView € thk Gther handSitRé BiouRit ot thé phiotopolymerizatiorrinitiator mixed
exceeds 10% by mass, an.ador fends toremain in a-formed coating when an:ameuntof light emitted
forrn the irradiation is insufficient. Herein, the term "solid content” implies all components constituting
the first optisaldayee4 o1 he secondloptigal layer Beafterdfaing lelred.OTlver sokid €8iitent includes, for
example, the acrylate, the photopolymerization initiator, etc. . Preferably, the resin has such a
property thatd SHEGtURSE&Nn PETFATSIBISd o thE rédhiidon’ &g, ?ﬁ‘a&gﬁ%ﬁ Wit & energy ray or
application of heat. égg{gy%%%e%iﬂ inciuding avinykbased:resinan epgxy-basegddesin, a
thermoplastic resin, etc., can be used as long as the resin satisfies the ..above-described..
requirementsfaethie:ssion 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 nc problems in daily life
- tholugh depending on ocutdoor brightneés. When the value of
the transmission imége clarity i1s not smailér than 60 and
smaller than 75, the outdoor sight can be clearly viewed
although it is unpleasant‘that an image of a bright cbject
is slightly blurred upon carefully locking at the perimeter

the bright object. When the value of the transmission.

h

o
image clarity is not-small@z 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 O.l25 mm, 0.5 mm, 1.0 mm and 2.0 mm is
preferably 230 or larger, more preferably 270 or larger, and
even 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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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
group; polyols; 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 cyclic cross-linking agent is preferably uned as the cross-linking agent.. By using the
cross-linking agent, the resin can be made heat- resistant without greatly changing the storage
modulus at fhe, loq {empgralie. If 16 steragednodulus it dha reem temperaliyeds pigatly changed,
the optical film I may become brittle and a difficulty may occur in fabricating the optical film 1 with the
roll-to-roll presess 3Examplesnafithercycliercrogs-inkimgragentdnclude dibXameylycol diacrylate,
tricyclodecanedimethanol diacrylate, tricyclodecanedimethanol dimethatrylate, ethylene oxide-modified

isocyanurate dlacrfate, sthgieie GRRENT oRfiet isELyamTate iiatnyiafe aind E45tolactone-modified
tris(acryloxyethyl) isocyanurate, . Preferably, the firgt base 4a. or the second bage sadhas water

vapor permeability lower than that of the first optical layer 4 or the sécond optical layer 5, respectively.
For exampie,anhen the fiest opticaklayen-4 issformehhy usingthe energy-raycturable resin, e.g.,
urethane acrylate, the first base 4a is preferably formed by using a resin having water vapor

permeabilitytlowel thar tscofahE TR SEEp IRl Yayerse4 Ant bR t3nsRfissive 16 thé&nrgy ray, e.g.,

polyethylene terephthalate (PET). As ar sﬁulj;%u,diff%sjig of maisture toward the wavelength-selective
reflecting | yié}r% frsocr)nufhceei’nc?cf’e%stessurPac%eff 6??}1e*e§1ergent*surf§"ce 52 can be reduced and

deterioratiop,af,a ipetal ote containedin theavavelgpgth-selestive.seflectingrayer 3can be
suppressed. Hence, durability of the optical film 1 can be improved. Note that the water vapor
permeabilitycdf PET Wavindg AahickRBss BT 5di 1S aBbteT0 Jmiddy (M0 I0%RH).  Preferably,

at least one of the first optical layer 4 and the second gptical layer 5&on@%%a.fh{g tional group having
high polarify- 8RdH& Jc%cgtentﬁoﬁgs%jc%’aﬁﬁct%%%ﬁegerc?uLp %%f%rs“ etween the arat o;%ical layer 4 and the

second optical Jayer 5. Mere. preferably, bothbexfirst opticah layer 4and the secend.gptical layer 5
contain a phosphoric compound (e.g., phosphoric ester), and the content Of the phosphoric compound

differs betwigaf-tHe first eptivaldayer Zesid thessecomeloptical layer B Thé'differéhice in the content of
the phosphoric compound between the first optical layer 4 and the_second.optical layer 5 is preferably
two or mor& HiRFeE G preféfably fitsBr ni rgé ﬁgr]ﬁgge 5rsld%g58?i‘ rﬁ%ﬁgc pre efga Ty lé(;%r% or more times.

light source, the measurement 1s preferably performed after
calibration using.a filter having the wavelength to be
transmitted.

Haze occurred in the wavelength band where the optical
film 1 has transmiésivity is preferably 6% or less, more
preferably 4% or less, and even more preferabl§ 2% or leés.
Tf 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 Dé5 light source, the measurement



When at least one of the first optital 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 layer 4 or the second optical layer 5 that
contains the phosphoric compound. It is particularly preferable that the wavelength-selective reflecting
layer 3 includes a layer,- which contains zinc oxide (ZnO) or niobium oxide, in its surface contacting
with the first optical layer 4 or the second optical layer 5 that contains the phosphoric compound. Such
a feature is effective in increasing adhesion between the first optical ,layer 4 or the second optical
layer 5 and the wavelength-selective reflecting layer 3. Another reason is that an anticorrosion effect is

increased wh t@fewg}s%'@lrgmg@&gxe Teflecting layer 3.contains & mefals sueh as Ag. Additionally,

the wavelength-selective reflecting layer 3 may contain a dopant, such as Al or Ga. The reason is-that
the dopantimpreyesidmguality anpdrsmeoothwess aviven a meetal oXide layer. issformed by, e.g.,
sputtering. From the viewpoint of giving the optical film 1, the window member 10, etc. with a

visually attFadtha-Gesign, aFfeast 8Re OIS firdt BptitaF IRl % &id fié §econd BititATayer 5
preferably has a ch%rascltl%r%&ofsazt;soggin&léqtggg Aapartieylar wavelength band within the visible

range. A plgmn%ﬁﬁallsperse in the resin may be either an organic pigment or an inorganic pigment. In
particular, an ingrganic pigraenthaving high weatherbilidy in-tselfis preferablea ractical examples of
the inorganic pigment include zircone gray (Co, Ni-doped ZrSiO4), praseodymium yellow (Pr-doped

ZrSiO4), ntArorésitanaidiofP ECr Siadoped FiO2 BRET M- BBpEd O ht6megréén (such as
0r204), peagock blue %CanéO(@ICQZQ )s Vi&tocr;lae gree ébtcgé(?%)a deep-blue (CoO.AI203.5102),
the lnciden \E r EriCiB 'L%n

vanadium-zirconium ue( opga , chrome-tin (Or-doped Ca0.5Sn02.3i02), manganese

pink (Mn-dgpedAl203); anchsalion pink&e-deped Zs5i34) xamples of fhe organie pigment include
an azo-based pigment and a, phthalocyanine pigment. (Reflecting Layer) :
and even more preferably 0.04 pm cor less. HNote that the
arithmetic mean roughness Ra is obtained as a roughness
parameter by measuring the surface roughness of the incident
{emergent) surface and deriving a roughness curve from a
two-dimensional profile cufve. Meazsurement conditicns are
set in conformity with JIS BO601:20C01. Details of a
measuring apparatus and the measurement conditions are as
follows;
measuring apparatus: full-automated fine éhape measuring
machine SURFCOﬁER ET4000A (made by Kosaka Laboratory Ltd.),
Ac = 0.8 mm, evaluation length: 4 mm, cutoff: x5, and
data sampling interval: 0.5 pm.
The first optical layer 4, the second optical layer 3,
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)
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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 tnerethrough. 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 or more of the
multilayer film, the transparent conductive layer, and the functional layer in a combined manner. A
mean film thicKness of the wavelength-selective reflecting layer 3 is preferably 20 fim or less, more
preferably 5 mm or less, and even more preferably 1 Ism or less. If the mean film thickness of the

wavelength-selecive tflecting lyer.3 exgeeds 20Jam, e enath.of an.aptcal path in which the

transmitted light is refracted is increased, and the transmission image tends to distort in appearance.
The wavelengih-selegtive reftecting layer 3:canllke formed; ferexample; Hy=sputtering, vapor
deposition, dip coating, or die coating. The multilayer film, the transparent electroc.cnductive layer,
and the furcional fayer Wifl beldéderiidd Bélbw! 6/E by‘orle® (MifaFér EilmdY ST The multilayer film is,

for example, a film formed by alternately stacking a Igg\ﬁ Refraagtigen@q%x Iq;{ﬁg and a high refractive
‘index Iayer‘E,3 %v%%ﬁ E%itfﬂié/r f?gr%yt§§crhlgﬁ1brelﬁ <?e'f’ra(%tivre index_ As another example, the multliayer film is

a film formed &y alternatelystacking a metaldayerhavipg achighreflectansetn the infrared range and a
high refractive index layer having a high refractive index in the visible range and serving as an
anti-reflectiorerayer JAm vpticAltranspaieht laydhdr aftraispareat ldeiroconat etz I&yer can be used

as the hightlilegrqpii]\:/egngeég@/ef. Iheerr%etgl laﬁyer havinQ% hi%tl g%fleectagce i%gheoth ea\:ed range

contains, as' a m‘“alnf?:omﬁ’onenathufi g, Cu,JA, ﬁli,sélr? 5, Co, Si, Ta, W, Mo or Ge alone, or an

alloy containing twe.Q{4nore selested-fragamangrthose elementsurface) . The
wavelength-selective refiecting layer 3 is formed on the
. random concave-convex surface of the first optical layer 4.
The second optical layer 5 serves to.protect the
wavelength~salective reflecting layeﬁ 3 by embedding the
first surface (random concave-convex surface) of the first
optical layer 4 on which the wavelength-selective reflecting
lavyer B_is formed. The second optical layer 5 is made of a
laver ?referably containing, e.¢., a resin as a main
component from the viewpoint of giving the cptical f£ilm 1
with flexibility. For example, one of two principal
surfaces of the second optical layer 5 is a smooth surface
and the other is a random concave-convex surface (second
surface). The random concave-convex surface of the first
optical laver 4 and the random concave-convex surface of the
second optical layver S_are reversed to eagh other in a
random concave-—-convex relation. . Since the concave-convex

surface of the first optical layer 4 anc the concave-convex

A



for example. Of those examples, Ag-, Cu-, Al-, Si- or Gebased materials are preferable in
consideration of practicability. When an alloy is used as the material of the metal layer, the metal layer
preferably contains, as a main component, AlCu, Alti, AICr, AlCo, AINdCu, AIMgSi, AgPdCu, AgPdTi,
AgCuTi, AgPdCai AgPdMg, AgPdFe, Ag, or SiB, for example. To retard corrosion of the metal layer,
~an additional material, such as Ti or Nd, is preferably mixed in the metal layer. In particular, when Ag is
- used as the material of the metal Layer, it is preferable to mix the additional material: The optical
transparent layer is a layer having a high refractive-index in the visible range and serving as an
anti-reflection layer. The optical transparent layer contains, as a main component, a high-dielectric

materi e.g., nighinm gxide, lanfalyr exide. ,qr fitaniti pxide, Thedransparentelecyogenductive layer
contains, aésug%r%é%i%] §omponent, ZnO-)t;J%seé gxideléﬁéindiumfdoped tin oxide. The ZnO-based oxide

can be, forexample, atdeastiene selected-froseanong:a growginciudingzine:oside (Zn0), gallium

(Ga)- and aluminum (Al)-doped zinc oxide GAZOj{, aluminum (Al)-doped zinc oxidg (AZO), and
gallium (GERHEPEE ZRE BRI 20107 THE réPactiieideR of the RigitfefractVaindex layer

included in the pultiayer fim.is preferably e iangs:ofchZ of.mae 19,260k Iess, more preferably
1.8 or more 10 2.6 or less, and even more preferably 1.9 or more to 2.6 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 reffativié iiftexciaye £ ista lajist contRifiG 4 & tohpoiert®aetal oxide, for

example. In some cases, the metal oxide used,here is preferably {0 be other. than zinc oxide from the
viewpoint &%@Paxci:ﬁén BEeEhes iff the %Vér%%dgsfpprﬁsing .the occurr%nce of cracks. In particular, at

least one sglegted fram amonrg a-grorpJacluging: niabiumcexide e g, niobium penatoxide), tantalum
oxide (e.g., tantalum pentoxide), and titanium oxide is preferably used. A mean film thickness of the
high refractiverindeicrayer s flaferably 10rmp oF msrelidiiing between 25°C and

100°C. In more detail, the first optical léyer 4 preferably
contains a resin having the storage modulus of 3 X 10° Pa or
less at 25°C ‘and the storage modulus of 3 x 107 Pa or more at
100°C. The first optical layer 4 is preferably made of one
type of resin, but it may contain two or more types of
resins. . Further, the first optical layer 4 may be mixed
with an additive, wnen necessary. |
When the first optical layer 4 contains, as a main
component, the resin Qf the type exhibiting a smail
reduction in its storage modulus at 100°C and no significant
difference in storage modulus between 25°C and 100°C as
described above, the first optical layer 4 can substantially
' mainfain,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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mm or less, more preferably 10 mm or more and 100 mm or less, and even more preferably 10 mm or
more and 80 mm 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. On the other hand, if the mean film thickness exceeds 120 mm,
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 film made 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

transparen&!layt rg %qq]ghre 1'%1991'agen1;_@y{arr1 éor RUTPOSE of iprfé@gyng ogjjq@gg){hge’g@gation of a

metal in the underlying Tayer when fhe optical transparent layer is‘formed. Herein, the term "buffer
layer" impligsna layer thatis-self;oxidizeslite suppress oxigationtofie.gi @ometaldayer as an underlying
layer when an overlying layer is formed. (Transparent Electroconductive Layer)  The transparent
electrocondgstivettayer isa idyersdohitammg el a tiaif lconporhe st &n el &dFdcdridiftive material

having transpetency in the visile ranae, More specilially,the vansparep siectraganducive layer

contains, as'a main compg‘hesntt nsparen glectroconductive material, e.g., tin oxide, zinc oxide, a
material coptaining:carbon-nana-tubes; indium-deped tin-oxide iipdiumopesd zinc oxide, and
antimony-doped tin oxide. A layer alternatively usable here may contain nano-particles of the
above-mertichedanateriads torthario-patticles, ivaro-fods'of nBAg-Wifes g af @lectroconductive
material, e.g., a metal, which are dispersed in a.resin at a:nigh density., (Functignal Layey)
a process of directly applying heat to the optical film 1 or
components thereof, such as annealing, but also a process.in
which ﬁemperéture 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 raised upon irradiation with
energy rays and heat is indirectly applied to the optical
f£ilm. 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 obtained when a thermoplastic resin, a
thermosetting resin, and an energy-ray irradiation resin are
used.
The storage modulus of the first optical layer 4 can be
confirmed, for example, as follows. When the surface of the
first optical laver 4 is exposed, the storage moduius of tﬁe

first optical layer 4 can be confirmed by measuring the
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The functional layer contains, as a main 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 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 photochrom ¢ material can reversibly change various physical properties,
such as reflectance and color, upon irradiation with light, e.g., an ultraviolet ray. Transition metal

oxides, sugh as.Tj02, NO3, Mo03, and Nh205, which arg dopgd with, Gr,; Ee ar iy farexample, can be

used as the photochromic material. Further, wavelength selectivity can be improved by stacking a -
layer of the phetachromtie matetalfand a layerhawing < diffezert réfractive imdexom that of the
former layer. The thermochromic material is a material reversibly changing its structure by the

action of heBE FaetHefmoehrémic mateiialCan reviétdibfy ciaifye vArGES phySicai Broperties, such as
reflectancecﬁgd golar, ugggiaapﬂicg\%il%gfge%rf yexample, V02 ean pe used as,the thermochromic
Ot ,

material. er elements, such as W, Mo and F, may also be added for the purpose of controlling the
transition temperature ang-theszansition curvenHurthers asultitayer sfructuremay be formed by

sandwiching a thin film containing, as a main component, the thermochromic material, V02, between .
anti-reflectiot-layers éaekr 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,
e.g., the length and the kind of a side chain when the
thermoplastic resin is used, and by a_method.of adjusting,
e.g., the number of cross-linking points and the molecular
structure of a croés—linking agent when the thermosetting
resin or the energy-ray irradiation resin is used. However,
it is preferable that the characteristics demanded for the
resin material itself are not degraded with such a
structural change. Depending on the type of the cross-
linkihg agent, for example, the storage modulus at about
room temperature may be increased to such an extent that a
resin £ilm becomes brittle, or that the'resin film is curved
or curled due to large shrinkage. It is, therefore,
preferable to szperly.select the type of the cross»linking
agent depending on the demanded characteristics.

When the first optical layer 4 contains a crystalline

high~polymeric material as a main component, it preferably
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containing, as a main component, a high refractive index material, e.g., T'02 or ITO. A photonic
lattice, such as a cholesteric liquid 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 electrachromic material cap be pravided;far example,-as:a material reversibly
changing its structure upon application of voltage, for example. More specifically, a reflective light
control material changingits refléctisrecharaeteristivasitmdopingreeuadoping Bt alpdten, for example,
can be used as the electrochromic material. The term "reflective light contro] materjal" implies a
material cAFEBIE BF SBIctiveR CERFSIIRG fts BRticAI property to" desiréd dhe of A'transparent state, a
mirror state, and ap.intermediate state therebetiween.ypen application ohian exteraak stimulus.
Examples of the reflective light control material usable here include an alloy material containing, as a
main compenent za magnesigmenickel. allaytmateréal .or enaragnesium-tarism alloy material, W03, and
materials in which needle crystals having selective reflective power are enclosed in microcapsules.

In practice S ferhetioRaPayBF cakt be Coristitded” for SxanpieT by TREEESVER stacking, on the
second opfieal igyer, 5. I gbavsdlescrivad aloy. ysr 3, ealalystigyar contgina. &g, Pd. a thin
e of, e.q., C

buffer layer ma Al, an electrolyte layer made of, e.g., Ta205, an ion storage layer made of,
e.g., WO3 gantainingrpretans, andsthedl transparentrelestrocenductivedayenditernatively, the

functional layer can be constituted, for example, by successively stacking, on the second optical layer
5, the transpareRe&lEeHBChRBUEHAS IR HhEEI8cFSIgte Ry ef 24T BlectdchFomicayer made of, e.g.,

W03, and the transparent electroconductive layer. In such a multilayet strueture, when a.voltage is
applied bef“V\/Seeedraf‘th% tcrgéﬁsTplé:rlé"h dlectroconductive ari/er alﬁagglrjl opposed electrode, protons contained

in the electrplyte-layer gre dgpeddntoser-undoped - frapnthesalioytayer pAs agesult, the transmittance of
the alloy layer is changed. Further, in'order to increase the N
When the first optical layer 4 contalns a non-

crystalline (amorphous) high-polymeric matérial as a main
component, it preferably contains, as a main componeht, a
resin having the melting point higher than the maximum
temperéture during the manufacturing process and exhibiting
a small reducticn in éhe storage modulus at the max imam
remperature during a manufacturing process. If a resin
having the melting point iﬁ the range of the room
temperature 25°C to the maximum temperature during the
manufacturing process and exhibiting a large reduction in
the storage'modulué 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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wavelength selectivithe electrochrom ¢ material is desirably stacked with a high refractive index
material, such as Ti02 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 Film] Fig. 3 is a schematic view illustrating one

example of construction of an.apparatus for, manufacturing: the eptical film aceording:fa the first

embodiment. As |I%ustrated In Fig. 3, the manufacturing apparatus includes laminatingrolls 41 and 42, a
guide roll 43;ra:€aating -deviceAxand anrigadiation devicend. tenPhe famirmating rofls 41 and 42 are
arranged to be able to nip a reflecting-layer affixed optical layer 9 and the second base 5a

therebetweem e FSTlecting-Iayer affixedroptical dyef ¥is Fa5erdbtained by fotmity the
‘Nane”9¢S§€¥¥§Wef§§8%“Qg5@§¥§%°@ﬁ%“%%@%38%%uring process.
Praferably, the second cptical layer 5 also satisfies the
ab0ve—mentionéd nunerical range of the stcrage 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 10% Pa or less at 25°C. On such a
condition, the optical film 1 can be given with flexibility
at the room temperature 25°C and can be manufactured with
the roll-to-roll process.

The first base 4a and the second base ba have
transparency in an exemplary case. Each base 1is preferably
in the form of a film from the viewpoint of giving the

optical film 1 with flexibility, but the 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 using, €.9.,
general high polymeric materials. Examples of the general
nigh polymeric materials include triacetylcelluiose (TAC),
polyester (TPEE), polyethylene teréphthalate (PET),
polyimide (PI), polyamide (PA), aramid, polyethylene (?E),

polyacrylate, polyethérsulfone, polysulfone, polypropylene
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surface of the first optical layer 4. The reflecting-layer affixed optical layer 9 may further include the
first base 4a disposed on the other principal surface of the first optical layer 4 on the opposite side to
_the one principal surface thereof on which the wavelength-selective reflecting layer 3 is formed. In the
illustrated example, the wavelength-selective reflecting layer 3 is formed on the one principal surface
- of the first optical layer 4, and the first base 4a is disposed on the other principal surface of the first
optical layer 4. The guide roll 43 is arranged ina conveying path within the manufacturing apparatus to
be able to convey the optical film | having a belt-like shape. Materials of the laminating rolls 41 and 42
and the guide roll 43 are not limited to particular ones. A metal such as stainless steel, rubber, silicone,

etc. can be(BBS'On%J!Q/aU%%d lascgggwlpggég, g%&%qlggloncgpgo%%@d_gglrgnair@ct@é@gs. The
coating device 45 can be grepare as a device including a coating unit, such as a coater. As the .
coater, ordinanyrcoatersiinehucing a:gravam coatesxa wiresbar, andea die:ean be optionally used, as
appropriate, in consideration of physical properties of the resin composition to be coated, etc. The
iradiation device 6 is s HEVice T iIFadATingThE T84 corMpystien wi anTéhizing sy, e.g., an

electron ray, an ultraviglet ray, a vjsible irjaxj or a gammajray. Indhe illystrated examplg, a UV lamp
r

emitting an Gltraviolet rrasy is used as the [rradiation device 46. [Method of Manufacturing Master] A

master 21 having-a sapdem-fine-cencave-eenvex shape candiesfabricated, for exampte, by using one
of the following methods (1) to (9). Various types of masters 21 having different random fine

concave-corveseshapds ate obtainéd byamsifg thefolleWing $rEMOdSIET to f9)- 1) Method of

ROUgh”KJggggé%gg?§338 to 100 pm from the viewpoint of productivity,

but it is not_limited to such a particular range. The first
hase 4a o;.the second base 5S5a is preferably transmissive o
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 ﬁhe energy-ray curable resin with the energy ray
from the side inclﬁding the first base 4a or the second base
S5a.

The first optical layer 4 and the second optical layer
5 have transparency in an exémplary case. The first optical
layer 4 ahd the second optical layer 5 are each obtained,
for example, by curing a resin composition. As the resin
compositicn, an energy—ﬁay cuﬁable resin\capable of being
cured upon irradiation with light or an glectron beam, or &
thermosetting resin capable of being cured upon application

of heat is preferably used from the viewpoint of easiness in
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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/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
intoconsideration an angle atwhich sands,or an etchantjs .sprayed fo the blank surface. ~~ The

.sand blasﬁ)ng enables the optical film I to be fabricated with different diffusion angles in two directions
orthogonaldeeach-ather iva planeoravitip anisotropydawiffusion thasdcteristic Frtwa directions
orthogonal to each other in a plane. For example, a method disclosed in Japanese Unexamined
Patent Applicafieh Pubsiitatioh NG, Z00E 350456 E5A be'Geed BE tHE niethbd bt fabricating the optical
fim 1 by the sand blasfing, (2) Mefliod 9t Fngtaving Blank Surfgcec, . Jhisis.a method of engraving
wax on the sturiace of & b ank, w IC|§| Is used to fabricate the master, by using, e.g., a sharp-pointed

needle (such asa diarpand needle). Futthet,ia netal-mayibe depasited:6n the engraved surface of the

master blank by vapor deposition, for example, thereby reinforcing the blank surface.
From the viewpoint of increasing adhesion between the first

optical layer 4 or the second optical layer 5 and the
wavelength-selective reflecting layer 3, the resin
composition preferably further contains a compound
containing phosphoric acid, a compound containing succinic
acid, and a compound containing butyrolactone. The compound
containing phosphoric acid may be, €.¢., (méth)acrylate
containing phosphoric acid, preferably a (meth)acryl Mmonomer
or oligomer having phoséhoric acid in a functicnal group.
The compound containing succinic acid may be, e.g.,
(meth)acrylate containing succinic acid, preferably a
(meth)acryl monomer or oligomer having succinic acid in a
functional group. The compound containing butyrolactone may
be, e.g., (meth)acrylate containing butyrolactone,:
preferably a (meth)acryl monomer or oligomer having
butyrolactone in a functional group.

The ultraviclet curable resin composition contains,
e.g., (methjacrylate and a photopolymerization initiatoer.
The ultravicolet curable resin Composition may further

contain, when necessary, a photo-stabilizer, a flame
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.(3) Method of Aggregating Fine Solids onto Blank 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 additives, which are usually added to a plating solution. Alternatively, fine solids may be
aggregated on the surface of the master blank by spraying a solid solution or a dispersion liquid in the

form of very.fine.gist 1o the.siyface of thedpasterblank ofiby.guiding the,master blank to pass
In

through the very fine mist, thus causing the mist to adhere to the surface of the master blank, followed
by evaporating azsolvest erca dispersion mediure. (4):Méethod of PlacingandrSorface Fine particles

are, e.g., powders, beads,

' two or more (methlacryloyl groups 1s preferably used.
Examples of such a monomer and/or oligomer include urethane
(meth)acrylate, epoxy (meth)acrylate, polyester
{meth)acrylate, polyol (meth)acfylate, 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
a2 mclecule having molecular weight of 300 or more to 60000
or less.

The photopolymerization initiator used here can Dbe
selected, as appropriate, from among general materials., As
examples of the general materials, benzophencne derivatives;
acetophencne derivatives, anthraguinone defivatives, etc.
can be used alone or in coﬁbinatibn. An amount of the
photopolymerization initiator mixed is preferably 0.1% by
mass or more and 10% by mass or less of the solid content.
If the amcunt of the ‘photopolymerization initiator mixed is
less than 0.1% by mass, Dhoto—curability is reduced to such
a level as being noit sultabkle for lﬂdustvla; production from
the practical point of view. On the other hand, 1f the
amount of the photopolymerization initiator mixed exceeds
10% by mass, an odor tends to remain in a formed coating

when an amount of light emitted for the irradiation 1s
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Blank sands, fine crystals, or microorganisms (such as funguses, viruses and planktons). The fine
particles can be coated over 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 var ously changing, e.g., the size of the fine particles, a
ratio of the fine particle to the binder, Oand/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 type of fungus, for example. (5) Method of Utilizing Reticulations (Wrinkles) Generated in

Coating Layger,, ¢ < This is-a methpd;of obtaining fine reticulations, £ -fine ggneaves.and convexes, on
the surface of a blank, which is used to fabricate the master, through the steps of coating a paint, ‘
which is preparedifor exampie ity tissolvitg athighipolyrherie toating iméterial ii&n organic solvent,
over the surface of the master blank, and then removing the solvent while Qntrollin%a drying condition

to be held SRE8FS patlicGiar ohdY RS ahdthef ExRmpie retiéiiations iay Be ¥ormiad by &z

y causing a

coated film o expand under heating or tq absqrb.-moisture under.a properly,septrolled spndition. As

still another example, the fine concaves and convexes may be provided as reticulations that are
generated inza tudilayeefikm, by using materials developing different mechanisms of chemical
reactions in respective layers, and by controlling the coefficients of expansion and contraction of the

respective layerst ¥6)Fethod of Héing YarbuS Ekistiig Matériggsrty that &

structure can be transferred to the resin upon, €.9.,
irradiation with the energy ray or application 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~deséribed,requirements for the
refractive index.

The resin may be mixed with an oligomer to reduce
curing shrinkage. The resin may further contain, e.g.,
pelylsocyanate as a curing agent. In consideration of
adhesion between the first optical layer 4 or the second
opticai layer 5 and the adjacent layer, the resin may be
further mixed ﬁith suitable one or more of monomers having a
hydroxyl group, a carboxyl group and a phosphbric group;
polyols; 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 cyclic cross-linking
agent is préferably used as the cross-linking agent. By

using the cross~linking agent, the resin can be made heat-
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This is a method of utilizing paper, skins, cloth, ceramics, glass panes, wood plates, rock surfaces,
and organisms, i.ncluding not only insects, but also outer coats, scales, external skeletons and shells
of fish, shellfish, etc., as they are. (7) Met: od of Exposing and Developing Photopolymer 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 employgg s heJaser bigrferencs.methad 48 Melnod Utlging,oiolihograpy and Eiching

This is a method of forming a random concave-convex shape on the surface of a blank, which is used
to fabricate:the master; byrphotolithegraphy ane etching o) Combination ¢ffeoregoing Methods
This is a method of forming or selecting the surface having an irregular fine concave-convex shape

that has beeirRRFREBY ahy ¢TTRE Gboveldedtibed MEtHYHs 13 to (8):and theh carrying out any of
the above-described methods (1).to,(8) Again o the relevant surface {Method.af Manyfacturing
Optical Fllmf
optical film 1 with the roll-to-roll process. Examples of
the cyclic cross-linking agent include dioxaneglycol
diacrylate, tricyclodecanedimethanol diacrylate,
tricyclodecanedimethanol dimethacrylate, ethylene oxide-
modified isocyanurate diacrylate, ethylene.oxide—modified
isocyanurate triacrylate, and caprolactone-modified
tris(acryloxyethyl) isocyanurate.

Preferably,'the.first hasa 4a or the second base 5a has
water vapor permeability lower than that of the first
optical layer 4 or the second coptical layer 35, respectively.
For example, when the first optical laver 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 81 or the
emergent surface S2 can be reduced and detérioratidn of a
metal, etc. contained in the wavelength-selective reflecting

layer 3 can be suppressed. Henéé, durability of the optical



One example of a method of manufacturing the optical film according to the first embodiment.will be
described below with reference to Figs. 4A to 80Note that, in consideration of productivity, part or the
‘whole of a manufacturing process described below is preferably performed in aroll-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 peth d utjlizin otolithography and etching is preferably used. Two
or more of thosé %eﬁwaébcsgﬁla%/r%)e* uded in ;{\5 éjécr%gb;gr?é%itmgaqﬁer?e‘ﬁg%é: sand blasting method and the

method utiljizing, phgtolithqaraphyand.gtehing are gdeseriked below as preferreg,examptes. (Sand
Blasting Method) Figs. 5A and 5B are illustrations to explain one example of a method of
processingdhiemdster stface By s&Hd blasting. In the sand blasting, concaves and convexes are

formed on the surface of a master blank 21a by ejecting abrasives o
Preferably, at least orie of the first optical layer 4

and the sescond optical laver 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 laver 5. More preferably, both the first
opticai layer 4 and the second optical laver 5 contain a
phosphoric compound {e.g3., phospheoric ester), and the
content of the vhosphoric 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 1is
preferably two or more times, more preferably five or moré
times, and even more preferably ten or more times.

When at least one of the first optical layer 4 and the
second optical layer % contains the phosphoric compound, the
wavelength-selective reflecting layer 2 preferably ccntains
an oxide, a nitride, or an oxynitride 1in its surface
contacting with the first optical layer 4 or the second
optical layer 5 that contains the phosphoric compouﬁd. It
is particularly preferable that the wavelength-selective
reflecting laver 3 includes a layer, which contains zinc

oxide (Zn0) or nicbium oxide, in its surface contacting with



62 from a blasting gun 61 of a sand blasting apparatus (not shown) such that the abrasives 62 are
sprayed to be impinged against the surface of the master blank 21a. 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 thergrains inclyde glassheads,zirconia geains,csteekgrids, alugina graihswand silica
grains. The mean size of the abrasives 62 is preferably 1 to 1000 lam, more preferably 5 to 600 1.1m,
and even more piaferably 5050 psniFurhepthedveightiehonre §FaiRtoithé Abrasives 62 is

preferably 0.0f02 to 8 m%. . The master bl nks%%% i%rggdge%‘ %H‘gt‘%ﬁi@&mtgb{% anrlcarrying out the
sand blasting” That Hiate sl 18 préferably & fesin or & metal, such as aluminum, copper or steel. In

particular, alumipum is preferable. Fhe sizeiefthermaster blank21ads settohave a-width adaptable
for that of the optical film 1 having, e.g., a belt-like shape. A spraying condition for the abrasives 62
is preferabbesetcsuichethat, fihekigi B4, anenglé (angiewfideclingtiey)y 1s that an

anticorrosion effect is increased when the wavelength-

selective reflecting layer 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 guality and smoothness when a metal

oxide layer is formed by, e.g., sputtering.

From the viewpoint of giving the optical f£ilm 1, the
window member 10, etc. with a visually attractive design, at
least one of the first optical laver 4 and the second
optical layer 5 preferably has a characteristic of absorbing
light in a particular wavelength band within the visible
range. A pigment dispersed in the resin may be either an
organic pigment or an inorganic pigment. In particular, an
inorganic pigment having high weatherbility in itself is
preferable. Practical examples of the inorganic pigment
include zircone gray {(Co, Ni-doped ZrS8i04), prasecdymium
vellow {Pr-doped ZrsioO;), Ehrome-titania yéllow (Cr, Sb-
doped Ti0; or Cr, W-doped TiOp}, chrome green (such as Crz03),
peacock blue {(CoZn)O(AiCr)ZO3), Victoria green ((RL, Cr):0:),

deep blue (Co0-Alz0;*S5i0;), vanadium-zirconium blue (V-doped
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at which the abrasives 62 are sprayed to a principal surface of the master blank 21a is smaller than 90
at all paints. In more detail, an angle 0 formed between a principal axis of the master blank 21a and

- the blasting gun 61 is preferably 0 to 600, 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 0 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 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 defoymthe surface of the master blank 21a,whileJaosing dheireneray, and-then.scatter upward

of the master blank 21a at a certain angle. By setting the above-described spraying condition, because
the abrasiyes, 62 impings agaimsidhe, masterdlank 2 1piatia specifioandle; tiie Blank surface is
deformed by the impingement of the abrasives 62 in different ways between the transverse direction
(X-axis dirBegamaid tHe [OrpitBRp1 HirceligRTY taxis tiretfioR)y: UHdsriAe TontitBirilistrated in
Figs. A anng, fog%]%mgle a%ggformfd %rll%pe (recess) has a longer size in the X-axis direction than
in the Y-axis direction. In otﬁgr worgs,pSL?r?ace roughness in the X-axis direction has a larger pitch than

that in the Yzaxisdikectign: Ahepitch and other parameters of the surface roughness can be adjusted
“depending on various parameters of the master blank 21a, the abrasives 62, and the sand blasting
conditions (such satheasonitichs mespraying theraradiv/ies 62) L FBF Examiié, When Hfie abrasives

e e S Al i) A Do B et LA s e

having deepershapescan.be realized: i dent surface, light in a specific
wavelength band, but it btransmits lighﬁ other than the
specific wavelength band therethrough. The wavelength-
selective reflecting layer 3 is, for example, a multilayer
(stacked) film, & transparent electroccnductive layer, or a
functional layer. Alternatively, the wavelength-selective
reflecting ldyer 3 may ke formed by using two or more of the
multilayer film, the transparent conductive layer, and the
functional layer in a combined manner. A mean film
thickﬁess.of the wavelength-selective reflecting layer 3 is
preferably 20 pm or less, more preferably o5 pm or less, and
even more preferably 1 pm.or less. If the mean film
thickness of the wavelength-selective reflecting layer 3
exceeds 20 pm, the length of an opticel Qath i which the
transmitted light is refracted is increased, and the
transmission image tends td distort in appearance. The
wavelength-selective reflecting layer 3 can be formed, for

example, by sputteriﬁg, vapor deposition, dip coating, or
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- The shape of the master blank 21a after the sand 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 61 and the master blank 21a, the shape,
density and hardness of the abrasives 62, the material quality of the master blank 21a, etc. The shape
of the master blank 21a after the sandS blasting in a direction perpendicular to 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 lecusialgng which the abrasives 62 are scattered from the master blank 21a by the
action of repulsive forces are notsymmetrical, the master blank 21a can be sand-blasted to have a
surface shape tHakds asyrhinetieal With fespéct totRE TIMERTAl aXisS6ftheTnastsr biditk 21a. By
employing the master that has.been fabricated under th ve- [ Ing ditions, the
optical film T ¢8h'be A r%é?e(f %ﬁgﬁ%ﬁé}aﬁhgg %?ﬁer‘gjhjf%i?%%iC)%nedgercféieggbget%v%eﬁeéﬁhgg%ngitudinal
direction and thgdransverse direction thereof, or that it has anisotropy in diffusion characteristic.
between the longitudinal direction and the transverse direction thereof. Under the spraying condition
for the abra¥ives 62ras itlustrited in Figs. 5A and 5B, for example, a diffusion angle of light reflected by
or passing through the master blank 21a is relatively narrow, in the .X-direction and is relatively wide in
the 11-direction, ahd g}g]ﬁﬁﬁ?na %rpealilfﬁ d‘lﬁ‘Ubﬁ%ﬁy cﬁ:)é?én(%ﬁéticaisgs'(ﬁ?ﬁe (t)é“\;vﬁg(r% t % X1 side in the
X'direCtionalte%%t@glﬁf%lngWiaﬂgir‘ha@@woﬂé@ﬂﬁéﬁﬁn@flﬁi@ﬁﬁnglﬁf@fﬂigahideﬂeﬁtﬁ@hby or passing
through the master blank 21a is relatively narrow in the X-direct on and is relatively wide in the
Y-direction; énzargle dependrnty vf the brightnetsidiight diffusetcby atdiffitisioh surface after having
being emitted to enter that diffusion surface at an incident anng?‘ of 00 i,E measured an axis of

ec

maximum Bfightiess 1§ indhngd toward THE X1°Sid8 Atk résp 5

to e rofmaldirection to the principal

surface of the QQ*MHU%QM%F@%@@@M@@?S distribution is asywametrigal with respect to the
axis of maximum brightness. urther, as the blasting gun 61 is arranged in a posture lying more
horizontally: selative 0 the'mastérlblank:2%a, namely, as the angler@ issettoda snfdligr value, it is

possible to increase a later-described lengthwise to widthwise ratio of the diffusion angflle of the light
if

diffusion sHESTaRA 18 Drovide’a hiyfiet effekt ifatds ObEaIn&d With aniSotrdiy of e difitision

characteristic. ..., The abrasiyes 62.are:egcted fram.thesblasting gun 81 at:ga angle.0 between its
center axis and the master blank 21a with an angle width a about the center axis. In other words, the

abrasives 6z enteriand-impingesagainstithe master blamks2ia withire hacnglerange of pkto P2. The
angle width a is usually about 10. _
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, P4, Co, 5i, Ta, W, Mo or Ge alone, or an alloy
contéining twe 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
practicapility. When an alloy 1s used as the material of
the metél layer, the metal laver preferably contains, as a

main component, AlCu, Alti, Allr, -AlCo, AINdCu, AlMgSi,

AgPdCu, AgPdTi, AgCuTi, AgkdCa, AgPdMg, AgPdFe, Ag, or S$iB,
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When sand-blasting the master blank 21a in a smaller-area, the angle width a is set to a smaller value,
or the distance L between the blasting gun 61 and the master blank 21a is set to a smaller value.
When sand-blasting the 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 eject the abrasives 62 from the blasting gun 61, the blasting gun 61 is scanned over the
master blank 21a such that the principal 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 Laver, Epyming, Step). . Fitst.a resistlayer 1 is formed on the

surface of the master blank 21a, I.e., a workpiece, (see Fig. 6A). The master blank 21a, i.e., a
workpiece zmay e iethedorarof; B,0.s aglates asheet, adilmia bloek; @reirdutaméalernn, a circular
cylinder, or a circular ring. The resist layer 71 can be made, for example, of an inorganic resist-or an
organic resist. VWisef#ié mastErBlank 21 £/ htha 8rm ofesirdilar-Solifififof Bylinder, the resist

layer 71 is preferably formed on the quter gircumferential surfage of the girgular column or cylinder.
(Exposure er‘?)r _
additional material.

The optical transparent laver is a layer having a high
refractive index in the visible range and serving as an
anti-reflection layer. The optical transparent layer
contains, as a main component, a high-dielectric material,
e.g., niobium oxide, tantalum oxide, or titanium oxide. The
transparent electroconductlive layer contains, as a main
component, ZnO-based oxide or indium-dcped tin oxide. The
7nO-based oxide can be, for example, at least one selected
from among a group including zinc oxide (Zn0), gallium (Ga)w
and aluminum (Al)-doped zinc oxide (GAZQ), aluminum (AL)-
doped zinc oxide (AZ0), and gallium (Ga)-doped zinc oxide
{GZO) .

The refractive index of.the high refractive index layer
included in the multilayer film is preferably in the range
of 1.7 or more to 2.6 or leés, more preferably 1.8 or more
to 2.6 or less, and even more preferably 1.9 or more to 2.6
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.
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_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. 60). The
openings 71b preferably have circular shapes differing in radius. Although Fig. 60 illustrates an
example in which the openings 71b are forthed in the exposed portions 71a by using a positive type
resist as the resist layer 71, the resist usable here is not limited to the positive type. In other words the

exposed perions; mayherleftby usinghasegative type resiskas the:tesistilayer 71 x(Etehing Step)
Next, the surface of the master blank 21a is etched by using, as amask, the resist layer 71 including
the openings i1 b-formeeethierein. PEtE tesuit F6cedses PXMERITY diffeferft GptRs &Rd/or different radii
are formed in thefl surface, of the master blank 21a (see Fig. 6D). Each of the cesses 72 preferably
has a partigﬁff S'Bﬁgﬁ alosxh*éipee. eegte‘??enr' pa%ﬁaﬁ)yrégﬁéﬁc?gl%r%zﬁe ?m%ﬁés&? a set};lape that is obtained

by cutting part of a.spherical shape ofa-substantially sphetical shape. Ihe-etching-ean be practiced,
for example, as dry etching or wet etching. From the viewpoint of simplicity in equipment, the wet

etching is mare preferalbliesFuethet thetdtehingsat be gracticet; #6KExample, as isotropic etching or

- anisotropic etching. The isotropic or anisotropic etching. is preferably selected, as appropriate,
; it g e S !L ctre gfroE')n amonoya Group
depending®i thedesifed Fan dortaVeSconvex Ehape: 7

including niobium oxide (e.g., niobium pentoxide), tantalum
oxide (e.g., tantalum pentoxide), and titanium oxidelis
preferably used. A mean £ilm thickness of the high
refractive index layer is preferably 10 nm or more and 120
nm or less, more preferably 10 nm of more and 100 nm or less,
and even more preferably 10 nm or more and 80 nm 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. ©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 f£ilm is not.ldmited to a thin film made
of an inorganic material, and it may be formed by stacking a
thin film made 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 oI

~ 41 -



(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 plating, when necessary, to form a plated layer such as
a nickel-plated layer..  The master 21 having the random concave-convex shape is 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 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 o cHre it OF apracess of,applyingheater pressure:te:a curakladesin, 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{ealled adaminatingtremstérrmettod) 2 As tar restilt i first dptigallayer 4 having the

random concave-convex surface on one mckpaéfurf ce the(eof is farmed ai |IIustrated in Fig. 40.
formed. Herein, the te u ayer mplies

+that is self-oxidized to suppress oxidation of e.g., a metal.
layer as an ﬁnderlying layer when an overlying layer 1s
formed.

(Transparent alectroconductlve Layer)

The transparent elec*roconduct1ve layer is a layer
containing, as a main component, an electroconductive
material having transparency in the visible range. More
specifically, the transparent electroconductive layer
centains, 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 tin oxide.
A layer alternatively usable here may contain nano-particles

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

o

=

rods or.nan0wwires of an electroconductive material, e.g.,
metal, which are dispersed in a resin at a high density.
(Functional Laver)

The functional layer contains, as & main component, a
chromic material of which reflection performance, for
example, is reversibly changed upon application of an
external stimulus._ The term "chromic material” ilmplies a

material reversibly changing its structure upon application



Further, as illustrated in Fig. 40, the first optical layer 4 may be formed on the first base 4a. This case
‘canbe 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 is 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. 7A, the wavelength-selective reflecting layer
3 is formed on the one principal surface of the first optical layer 4. The wavelength-selective reflecting

layer 3 can be formed  for example, by Sputtering, evapgration; GVD (Chemical anar Deposition), dip

coating, die coating, wet coating, and spray coating. Next, as illustrated in Fig. 78, the
wavelength-seleciiveseflegiinglayer i subjecteddaanneating aslindrcatéd biy=3ls when necessary.
The temperature of the annealing is in the range of, e.g., 10000 or higher to 250C or lower.

(EmbeddingSiepiRext RCMashaRH R Mgt 7014 tesih 23 AN YEECURA 'Rateis cdated over the

wavelenglty selectiverefiecing. layer 3, The tesin Ze uax g4 40 eneray fay curable resin or a
thermosettﬂwg re5|n.mﬁhe'energy-?ay’ curable resin used here is preferably an ultraviolet-ray curable

resin. Next, as illgstratedindtigr84A: a lamirateds farmed hy placing the secoend base 5a over the resin
22. Next, as illustrated in Fig. 88, the resin 22 is cured by applying, e.g., an energy ray or heat as
indicated by'82:wiite presstirs IS apphedto Hielammihatd as indicaled by 3532Examples of the energy

ray usable hiere inlude an electron ray, an ultaviolet fay, a.isible ra..anda gammaJay.
properties, such as reflectance and color, upon irradiation
with light, e.g., an ultraviolet ray. .Transition metal
oxides, such as TiO,, WO;, MoOs;, and NbyOs, 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 refractive index from that of
the former layer.

The thermochromic_material is & material reversibly
changing its structure by the action of heat. The
thermochromic material can reversibly change various
physical properties, such as reflectance and color, upon
application of heat. For example, VO; can be used as the
thermochromic matérial. Other elements, such as W, Mo and F,
may also be added for the purpcse of controlling the
transition femperature and the transition curve. Further, a
multilayer structure may be formed by sandwiching a thin

film containing, as a main component, the thermochromic
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The ultraviolet ray is more preferable from the viewpoint of production equipment. Preferably, an .
integrated irradiation amount is selected, as appropriate, in consideration of the curing characteristic of
the resin, suppression of yellowing of the resin and the second base 5a, etc. The pressure applied to
the laminate is preferably in the range of 0.01 MPa or higher to 1 MPa or lower. If the applied
pressure is lower than 0.01 MPa, a problem may occur in traveling of the film. On the other hand, if the
applied pressure exceeds 1 MPa, a metal roll is to be used as the nip roll, and the applied pressure is
more apt to fluctuate. Through the above-described steps, as illustrated in Fig. 80, the second optical
layer 5 is formed on the wavelength-selective reflecting layer 3 and the optical film 1 is obtained. A
method of farming-the aptical film ], by dising thesmantfaciugng epparatusrilustrated in Fig. 3, will be
described in more detail below. First, the second base 5a is let out from a base supply roll (not shown),
and thefl lstwoutasecond base 5a s giidesiopasstunder the coatintrdévicde 45 Nékt, an ionizing-ray
curable resin 44 is cloated by th%,cqatiqg ?%gice 45 on the second base 5a passing under the coating
device 45.%5)?1%% secord _bas.el B2 Rbated With the ionizing-ray curable resin 44 is conveyed toward
the laminating roﬂsﬁgcaﬁraglﬁg. on-the-otheghand; thesreflestingayer-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 secpatadasecsa antisthelreflactingdaycr affixech opical ey 'edctr having been conveyed
in such a way, are sandwiched between the Iamipating roIIsL 4lteiqrd 312 vgjtiﬁuégllowjin Qubbles to
enter betwesn the Secohd base 54 Hivd tHe' Feffecting layér affixed opfical layer 9, whereby the
reflecting-lgyeraffixed optical Jayen 9.is faminates, @nrihe sgcand base 5a. Nextgthersecand base 5a
including the laminated reflecting-layer affixed optical layer 9 is conveyed along an outer
circumfereatial surfacenoktheslaminating solt41 while thedisadiatioregevide 46 ifradiates the
ionizing-ray curable resin 44 with the ionizing ray from the_side inclugigg the seqrcl)nd base 5a, thereby

curing the TOATARGFEY CairablE 185 44 SAs HYestitYthe decdid Base 5a4nd’the reflécting-layer affixed
optical layer 9 are. affixed to, each,other with the.ionizing-say. curable fesin 44-interposed:therebetween,

and the objective optical film 1 having a long size is fabricated. Next, the fabricated belt-shaped optical
film 1 is taken upvyra takerupeh frot shewnh&vientually, arstobk soltimthecrolled foem of the
belt-shaped optical film 1 is obtained. Given that the process temperature in the above-described

process of f6rmifg the seedd ditita fayet BeRa80 the first Bpficaiager 4 Y7 the Cared state
e B s ayer
is conveyednfosexampledinssuch-a state that the first optical layer 4 is formed on the first base
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, for example, as a
material reversibly changing its structure upon application
of voltage, for example. More specifically, a reflective
light control material changing its reilection
characteristic with doping or undoping of & proton, Ifor
example, can be used as the electrochromic material. The

term "reflective light control material" implies a material

capakle of selectively controlling its optical property to
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4a and is conveyed along the laminating roll 41 with the first. base 4a interposed therebetween. It is,
therefore, empirically confirmed that the actual temperature of the first optical layer 4 is about (t - 20)C.
Accordingly, by setting the storage modulus of the first optical layer 4 to be 3 x 107. 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 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-rollmanufacturing process. In consideration of the heat

resistance of the resin,used-as the gptical layer arthechase, the precesstemperaturent is preferably
200C or lower. However, when .a resin having higher heat resistance is used, the process temperature

t can be setto200€iorhigherate Abeoring te:the firstensdradirent sincectheagptical film includes the
diffusely reflecting surface having the random concave-convex, sha[{)]e, tpie qtnerat_i%rrl g{ the diffraction

pattern caR BeSiplesSed ALS : sinceAE idster 21 avifd tie random cOhcavs convex surface is
fabricated by, e.g, the, sand blasting methad; the, lasey inferference methad.-qrithegethod utilizing

photolithography and etching, the number of days necessary for processing to fabricate the master
can be greatly seduded.comgdncantrast, when asrolizshapederasidrchaviag anwidth of 180 cm or larger
and a diameter of 20 cm or larger, for example, is fabricated in a regular concave-convex shape as per

design for BREPEHBEESFdGHtroMhg: the dirbeticiT of fig ht¥efle i by EreSpticHi fit, a lot of time and
cost are taken. gnother problem, Lsat{‘@tﬂ&@@x#m%% sueh as an-earthquake ggeurs,during the

processing time, the master bécomes unusable. Further, according to the first embodiment, since
the wavelepgthrselestive reflectingaleyer 3=as a partially reflecting layer is formed on the diffusely
reflecting surface to which the random concave-convex shape of the master has been transferred, part
of the sunlight cahtbe Feffected upWerd T8Hé SRy 2Motédder, SieeheTanaonT Edficave-convex shape

of the first gptical layer 4 is gmbedded with (he second. optical Jayera avings opeical -
layer 5, the above-described alloy layer, a catalyst layer
containing, e.g., Pd, a thin buffer layver made of, e.g., Al,
an electrolyte layver made of, e.g., Tax0s, an ion storage
layer made of, e.g., W03 containing protoné, and the_
transparent electroconductive layer. Alternatively, the
functional layer can be constituted, for example, by
succaessively stacking, on the second optical layer 5, the
transparent electroconductive layer, the electrolyte layer,
an electrochromic layer made of, ©.g., WCs, and the
transparent electroconductive layer. In such a multilayer
structure, when a voltage I1s applied between the transparent
electroconductive laver and an opposed electrode, protons
contained in the électrolyte layer are doped into or undoped
from the alloy layer. As a result, the transmittance of the

alioy layer is changed. Further, in order to ilncrease the
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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 isalso 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-transmissive layer 52 as a partially reflecting

layer. The ﬁg@@@(@%g@@&p&mm having,diffuse reflective- ppwet diffusely reflects part of

incident light, but it transmits the remaining part of the incident light therethrough. Fig. 9B is an
enlarged saetianalniewde£xplainthe fuactionyof thefoptical fitm iacterding tethe second embodiment.
The optical film 1 has an incident surface 51 on which light L is incident. The optical film 1 diffusely

reflects ligtok, wRichi§patt of e light . éritelifg the ffdidéntitrface®s t \whild tah8iiftting the
remaining gt  thereltrougb. The difusely. seflacted light i preferably fght primarily falling within the
wavelength ana ot 400" hm or longer to 2100 nm or shorter. The semi-transmissive layer 52 serving
as the partiallyn rgflecting layeris a seransmissivedefleetingilayerdispersed 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 cbtained 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 Film]

Fig. 3 is a schematic view illustrating one example of

construction of aﬁ apparatus for manufacturing the optical

film according to the first embodiment. As illustrated 1n

Fig. 3, the manufacturing apparatus includes laminating

rolls 41 and 42, a guide roll 43, & coating device 45, and

an irradiation device 46. B

The laminating rolls 41 and 42 are arrangad to be able

to nip a reflecting-layer affixed cptical layer 9 and the

second base 5Sa therebetween. The reflecting-layer affixed

optical layer 9 is a laygr obtained by forming the

wavelength-selective reflecting layer 3 on one principal
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that cuts off, for example, not only infrared light, but also visible lig.ht at the same time. Thus, the
semi-transmissive reflecting layer has semi-transmissivity in, e.g., the visible range and the near
infrared range. The semi-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, color tone adjustment, chemical 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 NiCr, i, Rd, €0, Si, Tac W Mo 0 e alone, mran-alloyeeontaining twe or more
selected from among those elements, for example. Of those examples, Ag-, Cu-, Al-, Si- or Gebased
materials aréfireferable: ircednsideration ofepratticabifity. Tocretard ¢otfosion f the ffetal layer, an
additional material, such as Tior Nd, is preferabl mixid in tt%e metglflaé/eé. ﬂ?tq:g%etal nitride layer can
be made of Ze.§% SARE TN Tor WRI. THE mdan it iickiess of the Semi-transmissive layer 52 can be
set, for example, In the rangq of 2 nMOrdPgre: ta. 40 JyRor less: toweyvers the fil shickness of the
semi-transmissive layer 52 is not limited to such a range so long as the semi-transmissive layer 52 has
semi-transmissivity: in the-visible rampe andithe neardhframdrarges Hergin, 186 16t 1@
-transmissivity" implies that the transmittance at wavelengths of 500 nm or, longer and 1000 nm or
shorter is prélistably 56 6PATETE and Fo% 6 fess ot prafefABIVT% of ore and 60% or less, and

even more preferably. 15%.or. more and.25%or;gss: Also. the term:sepairansmissive,layer” implies
that the transmittance at wavelengths of 500 nm or longer and 1000 nm or shorter is preferably 5% or
more and 70%roriless, mere preferablyr0% orshorgand 60% oy dess| andrever:more preferably 15%
or more and 55% or less. <3. Third Embodiment> In a third embodiment, the same or

correspondifg Ebriptiferts asSortbIRBEEd N e fifdt dthbsdintentAré fehoted by thie Same symbols,

and descri%%%n of those components are qQmitted, An. opfical film, 1 agcording fo, the third;embodiment
differs from 5 T first i f

he optlcaﬁ film according'to the first embodiment in that the former diffusely reflects light in
a specific wavelengath:bang,hut itiseattersdight atherthanthe spesificawavelength band. The optical
film 1 according to the third embodiment includes a light scatterer for scattering the incident light. The
light scatteedriis to convey the optical film T having a belt-like shape.

Materials of the laﬁinating rolls 41 and 42 and the guide

roll 43 are not limited to particular cones. A metal such as

stainless steel, rubber, silicone, etc. can be thionaily

used, as appropriate} depending on the desired roll

characteristics.

| The coating device 45 can be prepared as a device

including a ceoating unit, such as a ccater. As the cocater,

ordinary coaters including a gravure coater, a wire bar, and

a die can be optionally used, as apprecpriate, 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
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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, it 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-selective reflecting layer 3 and the support such as

the window member, The reasan isfjal b light scakieret s prosent betusenghe,
wavelength-selective reflecting layer 3 and the incident surface, the diffuse reflection characteristic is
lost. Also, whensthe eptical filmy kis affixed ta theindoor side,thedight scatterer is preferably disposed
between the emergent surface on the side opposite to the affixed surface of the optical film 1 and the
wavelengthisetéctiiel rafletiig Fayer3. Fig. 10A is a sectional view illustrating a first example of

structure og[\t,lhecgggcglfﬁlma%uagggéqli_ggIg% tpﬁ St@gg}emboc_iimentA_s illustrated in Fig. 1OA th_e first
optical lay r 4 includes a resin and fine particles 11. The fine particles 11 have a refractive index

differing from that of 4ke sesip; whight isca maiacompdhent material of thefirst optiealdayer 4. For
example, at least one kind of organic fine particles and inorganic fine particles can be used as the fine

particles 1£2ThEFineaariersetl i@ & FlBwTind Battithds! EBB&fnples dithe fine particles 11
include ino]g%:ranig Jgnylecp?rigicﬁeos dmagf%oftg.g(,ﬁ,ilica\%l %rﬂglatﬁg\gsorgg%f&%pgrtﬁes made of, e.g.,
Louina T .

t . JHAS )
styrene, acryl, of a copolymer of the formers. Among those examples, silica fine particles are

particularly-preferable.r £ ig: 10Bris srsectionak view iflustrating a secaonesexaraple of structure of the
optical film 1 according to the third embodiment. As illustrated in Fig. 10B, the optical film 1 further
includes a fighediffesicrylayet 12 oithef surface betHERirsedptidallayér 4 %The light diffusion layer 12

includes, for_ example, a resin and fine icles. The fine particles can be made of the same materials
as those used ir]ﬁwﬁw[ge 86?0955%%%%@8 ir%tqéjlxrgkmgl%?“ace

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/or the number cof revolutions of the
blank. The etching can alsc 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 in the
case of the sand blésting cr the etching, by taking into

consideration an angle at which sands or an etchant is
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Fig. 100 is a sectional view illustrating a third 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 optical film 1 by making the optical film 1 clouded. <4. Fourth Embodiment>

sprayed to the blank surface.

‘The sand blasting enables the optical film 1 to be
fabricated with different diffusion angles in two directioﬁs
orthogonal to each other in a plane or with anisotropy in
diffusion characﬁeristic in twe diregtions orthogonal to
-each other in a plane. For example, & method disclosed in
Japanese Unexamined Patent Application Publication No. 2005-
250458 can be used as the method of fabricating the optical
film 1 by the sand blasting.

(2) Method of Engraving Blank Surface

This is a method of engraving wax on the surface of a
blank, wﬁich 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 blank by vapor deposition, for example, thereby
reinforcing the blank surface.

(3) Method of Aggregating Fine Solids onto Blank 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 increasedk'sucb as setting the temperature.of the

Hlank to a lower level. Similarly, fine solids can he



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 Si 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, TiO2 can be used as the photocatalyst,. = As described above, the
optical film_1, ig featured. in fransreitting part.of she Jncidentlight;theretaraugh, yVhen the optical film 1 is
used outdoors or in a dirty room, for example, light is scattered due to dirt and dust adhering to the
surface of thexeptical:filmnl pivhereby transmissivitytard seftectivity are lostaFhérefere, the surface of

the optical film 1 is preferably optically transparent at all times. In other words, it is preferable that the
surface of Bslopte filRcLiddussrorihitha \idRr-Féhéitent G Hydropiilié p?&ﬁ&ﬁpgnd it can

automatically develop the, self:cleanipg efect...,. Aceprdingie g douith.etghodiment, since the
optical film 1 inc udes the self-c eaning effect layer 51, the water-repelléent or hydrophilic property, etc.
can be given¢o the-ingidentrsurfacandience, itispossible to suppress dirtlaint dustfromradhering to
the incident surface and to suppress degradation of the diffuse reflection characteristic. <5. Fifth
Embod ment>& AERPEEBikos steforal viewiiGstiating Srfe Bxample of sttudturé of Bfoptical film

according to a fifth emgog'ment. In the fifth embodiment, the same ot carresponding, components as or
to those in the %l?sﬁeerﬁbo :kﬁ?erzﬁaasr%eéer%cﬁgﬁ%y the same symbols. The fifth embodiment differs

o pass through the very fine mist, thus causing the mist to
adhere to the surface of the master blank, followed by
evaporating a solvent or a dispersion medium.
(4) Method of Placing and Fixing Fine Particles over Blank
Surface |

Fine particles are, e.g., powders, beads, sands, fine
crystals, or microorganisms (such as funguses, viruses and
planktons). The fine particles can be coated over the
surface of & blank, which is used to fabricate the masteﬁ,
by applying the fine particles‘togetber with a high-
polymeric binder. Alsc, the pitch, the height, etc. of
surface concaves_and convexes can be adjusted by variousiy
changing, e.g., the size éf the fine particles, a ratio of
the fine particle to the binder, and/or the amount of fine
particles applied. Further, when the microocrganisms are
used, fine concaves and convexes are formed by colonies that
are generated when the microorganisms proliferate, and the

colonies having variocus shapes are formed depending on the

- 50 =



from the first embodiment in that, as illustrated in Fig. 12, the random 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 component. It is preferable that the beads 53 are
projected from.the secong eptical layer -t 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 charigediattamdord. €6.iSikeH Embedinfants tLonghild tHe first emBsSdiftent #as been
described above, by way of example, in connection with case of applying the present technology to the
window membeér; e?y‘r%‘o“diﬁ%n%%%he present technology are not limited to the above-described

application and can:he furtheranplied tosvarious: interiorand-exterior mermberss ete..ather than the
window member.

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, Dby
dissdlving a high-polymeric coating material in an organic
solvent, over the surface of the master blank, and then
removing the soclvent 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 uﬁder heating or to absorb moisture under a properly
controlled condition. As still another example, the fine
concaves and convexes may be provided as feticulations that
are generated, in a multilayer film, by using materials
developing different mechanisms of chemical reactions in
respective layers, and by controlling the coefficients of
expansion and contraction of the respective layers.

(6} Method of Using Various Existing Materials

This is & method of utilizing_paper, skins, <loth,

ceramics, glass panes, wood plates, rock surfaces, and
organisms, including not only insects, but also outer coats,
scales, external skeletons and shells of fish, shellfish,

etc., as they are.



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 or many solar shading members cuts off the incident light, by changing an angle of the
solar shading, member aroupe ..o oEidh 4 i perspagtive yiew jlustiating.one example of structure of
a window blind (shade) 201 accordingto the sixth embodiment. As illustrated in Sig. 13, the window
blind 201 as one®xample of the sotar sirading devicesinelustes aheadibox 263, a slat group (solar
shading member group) 202 made up of plural slats (blades) 202a, and a bottom rail 204. The head .
box 203 is isgiserabsve g dfaf grodp 2B 2RAdB Th 6TTRE pitifal St 2020 Latider chords 206

and rise-anq[fall}{ch%QEC%O?i %reu%tﬁnggdf%%v%@\gg;:defrgg&tr}gag(ﬁ%q bogrgcp?b?and the bottom rail 204 is
t L r

suspendedbata]%w’er ends of those chords. The slats 202a serving as the solar shading members are

each formed:ifva siendetdectangutarishape, fJorexample; antharel supporied by dhe ladder chords 206,
which are extended downward from the head box 203, at predetermined intervals in a suspended

state. Furthére #ighead Box203 i provided rith it 6peatingEmeRmeTS Mot Bhdw), such as a rod, for
adjusting agnar{%:e of ttl%glat ggouggggimade up ':;tche gl#gl;al slatg 202a. ; Jhe head box 203 serves

as a driving URitTor Poafétlné:?he glat grouﬁjfb made up o tﬁ%r&uréirslats 202a in accordance with

operation of the opesating manabern sychastheckad, therebyradjusting.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 uritforraising aadlowerng the Siatgrop20Z dstdappropriate; 3A @€cordance with operation

of an operating member, e.q., a rise-and-fall operating chord 207. F .1§A iS a sectional view
e of the Siat 3035 5 1AA

illustrating a St exAmple of Strictare of the Slat 2095 - A6 ilfustiated n 4K he'slat 202a includes

a base 211;ang apQptical file 1The optical fitmdais preferably-disposed on-one ot two principal

surfaces of the base 211, the one principal surface being positioned on the side including an incident

surface on whiely extraneeusidightis-incident .when the slat group 202 is in a closed state (e.g., on the

side facing the window member). ,Theé)rgtical film 1 and H[‘1e babg. 211 are affixed to each other with an
[

affixing layer .S B B6hding tayerst an adResivaqdyar htefpdsdd bemisen them.

This 1s 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 cf Foregoing Methods

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

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

film according to the first embodiment will be described
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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. 148, the optical film 1 is used itself as the slat 202a.-
In this case.the,optical filn d-peefetably, has suchza level of rigidity that the:optieal film 1 can be
supported by the ladder chords 206 and can maintain its shape in a supported state. <7. Seventh
Embodiment» s i dérseventhambodidvertiwillthe deseribedbélow Whednettion with a rolling screen
device, i.e., ano;her example of the solar shading device capable offagj sfi]ing a degree at which a
solar shadiF eI cdts JHheSRtidert ight By winding of uRiinding thé solar shading member.
Fig. 15A is a pegspective,view,ilustrating-ane example of strugture of a;rallingsereen device 301
according to the seventh embodiment. As illustrated in Fig. 15A, the rolling screen device 301 as
another exasple ©of the gotarsshesing device includes a screen 302, a head box 303, and a core
member 304. The head box 303 can raise and fall the screen 302 with operation of an operating
member, stERHS & EhafiP365 > FRE hedd 56X 303 includes therein a winding shaft for taking ,up and
letting out the screen. 302, and ong and af.the;screep 302.is coypled to the winding shaft. Further, the
core member 304 is coupled to the other end of the screen 302. Preferably, the screen 302 has
flexibility. Thenshape of.the-sereen<3@2 isvaat limied ta patticutaconeand i$preferablyselected
depending on the shape of, e.g., a window member to which the rolling screen device 301 is applied.
For ex-ample, Bfe/s&reehr307' Rad A cbing faf shafie L -2 TFigL 155 is 4 SEctionafview, taken along

I e e g e e e A
flexibility. The-epticaldilmel isormed 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 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 illustratibns to explain one
example of a method of processing the master surface by sand
blasting.

in the sand blasting, concaves and convexes are formed

on the surface of a master blank 2la by ejecting abrasives
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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 extrarieous 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 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 film 1 may be used itself as
_the screen 302. The base 311 can be formed in the shape of, e.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 materig| of the base 31LL.-The glass, e resin, thepaper, grthe.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

combinatiosrefitwo ennioreitypes ot theooptcaldiimsZl aceording:tozthetabdve-desdrilgedifirst to fifth
embodiments. <8. Eighth Embodiment> An eighth embodiment will be described in connection with

the case ofdppiyiHg tHeEpraseht el GGy td 8 Titfitg {e.g" farfihterior or exterior ember) that includes
a lighting portionrevided with a0.qpiical hodyhaving Jdiffuse geflective bawer.

ejecting the abrasives 62 with pressurized gas, e.g., alr or
nitregen, from the blasting gun 61 and sp:aying the
abrasives 62 to the ﬁaster bhlank 2la as a workpiece, theareby
processing the surface of the master blank Zla. In the
i1llustrated example, the sand hlasting is carried out under
a predetermined condition, described below, while the master
blank 2la 1s 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 pfeferable.' Examples of the graiﬁs
include glass beads, zirconia grains, steel grids, alumina
grains, and silica grains. The mean size of the abrasives
62 is preferably 1 to 1000 um, more preferably 5 to 600 um,
and even more preferably 5 to 50 um. Further, the weight of
one grain of the abrasives 62 is preferably 0.002 to 8 mg.

The master blank 2la is made of a material suitable 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

blank 2la is set to have a width adaptable for that of the
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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 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 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 and embodiments of the present technology can be applied to various types offittings -

tha_t includ gyggg %rmn%. E'@&Q&,isé’% gqgti%q{yieéu jj[icl}ggag_iﬁgw.e 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 ftmr-kis disposed onione H6twe ipringipal stirfase$ Of ilve basé 414L tie one principal

surface being positioned on the side including an incident surface on Wﬁ!%%;[ extraneoljjs light is incident
|

(e.g., on tHEsideFaging ther wirlol FhembBer 6RoGtward). T optical f and the base 411 are
aifxed to chipler wiihan,affeing.leves 9. 200090 Bveropan adveshvedayen daterposed
ote

between them. that the structure of the shoji (specifically the optical body 402) is not limited to

the illustrated example and the oplicalifilm  may becusedhitselPas the optitabbody402.  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]resivsaptit ot lothn tbAsRieYafor Bf the’8ae B takikg vishiBdightitd a predetermined

e iobe el o LR ke A ]
ordinary rolling-screens. The.optica) filis deuged heremay be oneaype aira ceninatiors of two or more
types of the optical films 1 according to the above-described first to fifth embodiments.
preferably of 0 te 10°.
In the illﬁstrated 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
direction can be made asymmetrical with respect to the
principal axisg (i.e., a normal line to the prinqipal
surface) of a 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-abovef
described spraying condition, because the abrasives 62
impinge against the méster blank 2la at a specific angle,
the blank surface is deformed by the impingement of the

abrasives 62 in different ways between the transverse
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[EXAMPLES.]  While the present technology will be described in more detail below in connection
with EXAMPLES, the present technology is.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 optical film was cut by using an FIB (Focused lon’
Beam) to form across-section. Then, the film thickness 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. (EXAMPBLE, 1) x - akifst, aitransmissivesanrisetrepicdiffusion sheet {trade name: LSD40x20,
acryl sheet type) (FWHM angles of transmitted light resulting from incident light entering
perpendiculdrpto-a filkhraret4oiand 20]respedtively; Wt Fespect to- aFirstaas in& ffm3slane and an

o Dol e it s o Y £OC (Eusicl ot Compra) o brated sy

underlying shaped fiMze in the X-axis direction than in the Y-axis
direction. In other words, surface roughness in the X-axis
direction has & larger pitch than that in the Y-axis

. directien. The pitch and other parzameters of the surface

roughness can be adjusted depending on varilous parameters of
the master blank 2la, the'abrasives 62, and the sand
blasting conditicns (such as the conditions in spraying the
abrasives ©62). For example, when the abrasives having a
larger size af@ used, the pitch c¢f the surfaCe'roughness is
increased in both the X-axis direétion and the Y-axis
direction. Also, when the abrasives having a larger density
aré used, grooves having deeper shapes can be realilzed.

The shape of the master blénk 2la after the sand
blasting in the ejecting direction of the abrasives 62 can
be contrelled 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 klasting gun 61, the distaﬁce between the
blasting guﬁ 61 and the master blank 2la, the shape, density
and hardness of the abrasives %2, the material gusality of
the master blank 2la, etc. The shape of the masteﬁ blank

2la after the sand blasting in a direction perpendicular to
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an AgBi film was formed, as a reflecting layer, in a mean film thickness of 12 nm by spUttering using
‘an alloy target with a composition ratio of Ag/Bi = 99.0 at%/1.0 at%. . Next,-a UV curable resin
(composition) formulated to be matched in refractive index with the transmissive anisotropic diffusion
sheet (trade name: LSD40x20) was coated on the underlying film (specifically, on the reflecting layerY
formed as described above, and a PET film (A4300 made by Toyobo Co., Ltd.) having a thickness of
75 tITL was placed thereon. After purging out bubbles, the coated resin was cured by irradiating it with
UV light. As a result, a resin layer (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

objective gpical fim was otfpined, (EXAMPLE),.,. Anqplical fim as abiaiped i asimilar manner
to that in EXAMPL ex%ept or using, as the underlying shaped film (shaped resin layer), a

transmissive gdiffusion; sheet feade aame: DD S40)i(acryl type) madeoby POEs(EBXAMPLE 3) A
master for replit_:ating an an isotropic light diffusion sheet was fabricated by obli%ue blasting under the
fdkwwngc@ﬁéﬁ@ﬁ%g because the Iocus along which the abrasives o/
deform the master blank 2la while loosing energy and the
locus along which the abrasives 62 are scattered from the
master blank 2la by the action cof repulsive forces are not
symmetrical, the master blank 2la can be sand-blasted to
have a surface shape that 1g asymmetrical with respect to
the principal axis of the master blank 2Zla.
By employing the master that has been fabricated under
the above-described spraying conditions, the optical film 1
can be fabricated such that it has different diffusion
angles between the lohgitudinal direction and the transverse
direction thereof, or that it has anisctropy in diffusion
characteristic between the longitudinal direction and the
.ransverse direction thereof. Under the spraying condition
" for the abrasives 62 as illustrated in Figs. 5A and 5B, for
example, a diffusioﬁ 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, in addition to that a diffusion
angle of light reflected by or passing th;ough the master

blank 21a is relatively narrow in the X-directlon and is
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(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: SOF-4(A)) abrasives:
alumina (count: 4180, mean grain size: 76 1.tm) distance between blasting gun and master blank: 50
mm angle formed between blasting gun and master blank: 8 compressed air pressure: 0.5 MPa state
in spraying abrasives to surface of master blank: state illustrated in Figs. 5A and 53 scanning condition
of blasting gun: the gun was scanned at pitch of 5 mm in X-direction in Figs. 5A and 53 while the roll
was rotated

relatively wide in the Y-direction, when angle dependency of
.the brightness of light.diffused by a diffusion surface
after having being emitted to enter that diffusicn surface
at an incident angle of 0% is measured, an axis of maximum
brightness is inclined toward the X1 side with respect to
the normal direction to the principal surface of the light
diffusion sheet, and a brightness distribution is
asymmetrical with respedt to the axis of maximum brightness.

Further, as the blasting gun 61 is arranged in a
posture lying more horizontally relative to the master blank
21la, namely, as the angle 6 is set to a smaller value, 1t is
possible to increase a later-described lengthwise to
widthwise ratio of the diffusion angle of the light
diffusicn sheet, and to provide a higher effect that is
obtained with anisotropy of the diffusicn characteristic.

The abrasives 62 are edected 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 21a within an angle rangs of 1 to B2. The angle
width o is usually about 10°.

When sand-blasting the master blank Zla in a smaller
area, the angle width o 1s set to a.smaller value, or the
distance L between the blasting gun 61 and the master blank

2ia is set to a smaller value. When sand-blasting the



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 Rm. 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 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") wasformed on the PET film.
On the surface of the shaped resin layer, an AgBi film was formed as a reflecting layer in a mean film
thickness af::2 am by sputtetingiin asimilayanapmerto thatimEXAMPEED:R SNext, a resin
composition formulated as given below was coated on the reflecting layer, and a PET film (A4300
made by ToyBboaEG S 1} RAbing a thitkABSS of 78 RIMWwaS Prace ﬁi!éeregﬁnﬁfter passing a laminate
through nig yalls and purging,qut buhbles, 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 filmand:the reflectingdayer. dhasp an objective aptical filmwedsyobtaimed.xd~ormulation of
Resin Composition> Urethane acrylate99 parts by weight (ARONIX made by TOAGOSEI CO., LTD.,

refractive iRB6x BP1253Y Sftef Beint Buredy 2adsioyioxyEthyl Hcid Eﬁﬁsﬁﬁﬁ‘éﬁl&%t By veight

61 is scanned over the master blank 2la such that the :
-prinbipél surface of the master blank 2la is entirely sand-
blasted.

(Method of Processing Master Surface by Photolithography and
Etching)

Figs. 6A teo 6E illustrate successive steps to eXplain
one examplie of a method of processihg the mastery surface by
@hotolithography and etching.

{Resist Layer Forming Step)

First, a resist layer 71 is formed on the surface of
the master blank 2la, i.e., & workplece, (see Fig. 6A). 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 circulear column,
a circular cylinder, or & circular ring. The resist layer
71 can be-made,'for example, of an inorganic resist.or an
crganic resist.. When the master blank 21a is in the form of
a circular column or cylinder, the reéist layer 71 is
preferably formed on the outer circumferential surface of
the circular column or cylinder.

(Exposure S5tep)
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(LIGHT-ACRYLATE P-IA 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 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 0.003. <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

(LICHT-ACRYLALE, P-18pade by Y OFJSHA CHEMICAL (102 LIP3, (EXAMRE 61,

such as a laéer beam, to form exposed porticns 7la in the
resist layer 71 at random (see.Fig. 6BY. The éxposed
portions 7la 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
porticns Tla formed therein is developed. BAs a result,
openings 71b corresponding to the exposed portions 7la are
formed in the resist layer 71 (see. Fig. 6C). The openings
71b preferably have circular shapes differing in radius.
although Fig. 6C illustrates an example in which the
openings 7ib are formed in the exposed porticns 7la by using
a positive type resist as the resist layer 71, the resist
usable here is not limited te 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 2la is etched by
using, as a mask, the resist layer 71 including the openings
71b formed therein. As a result, recesses 72 having
dgifferent depths and/or different radii are formed in the
surface of the master bhlank 21la (see Fig. €D). Each of the
recesses 72 preferably has a partially spherical shape. The

term "partially spherical shape" implies a shape that is



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> 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 R-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 irefractiverindex between the eptbedding sesindayemana thershaped resin layer was set to
0.009. <Formulat on of Resin Composition>
substantially spherical shape. The etching can be practiced,
for example, as dry etching or wet etching. From the
viewpoint of simplicity in egquipment, the wet etching 1is
more preferable. Further, the etching'can be practiced, for
example, as isotropié etching or anisotropic etching. The
isotrbpic 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 2la is peeled coff, when necessary, by ashing,
for example.

(Plating Step)

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

| The master Z1 having the random concave-convex shape 1s
obtained with the above-described steps.
{Transfer Step)

Next, as illustrated in Figs. 4B and 6E, the random
concave—éonvex 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 traﬁsfer

method can be practiced, for example, by a process of



Urethane acrylate99 parts by weight (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 bysuccessively stacking films of GAZO (mean film thickness 0f27 nm), AgNdCu (mean
film thickness bE%en®), CAZKY(MERR i tHicknessor88-AmY, AgRACU {figan film thickness of 9 nm),

and GAZQ (mean fim thickness of.27 NUfram tae ower side. (COMPARATIVE.EXAMPLE L) An
optical film was obtained by forming an AlITi film in a mean film thickness of 10 nm on a PET film
(A4300 made bysEoyoba 6ol littlg thiekness of 7bspamehaving acsmebthesurface:, or

a process of supplying a resin film from a stock roll and

transferring the shape of a die to the resin film while

applving 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. 4C.

Further, as iliustrated in Fig. 4C, the first optical
layer & may be formed on the first basé 4a. This case can
be practiced, foﬁ 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 is that the crogs-iinking makes
+he resin heat-resistant without changing the storage
modulus at the room temperature to a large extent..

(Film Forming Step)

Next, as illustrated in Fig. 7A, the wavelength-
selective reflecting layer 3 is formed on the one principal
surface of the first optical layer 4. The wavelength-

selective reflecting layer 3 can be formed, for example, Dy
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(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 AlTi 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 embeddlng resin layer and the shaped resin layer was set to 0.012. <Formu|at|on of
Resin Compos't'on>

sputtering, evaporation, CVD (Chemical Vapor Deposition),
dip coating, dié coating, wet coating, and spray coating.
Next, as illustrated in Fig. 7B, the wavelength-selective
reflecting layer 3 ls subjected to annealing as indicated by
31, when necessary. The temperature of the annealing 1s in
the range of,'e.g.,'loOOC or higher to 250°C or lower.
(Embedding Step)

Next,'as illustrated in Fig. 7C, a resin 2Z in a not-
yvet-cured state is coated over the wavelength-selective
reflecting layer 3. The resin 2Z may be, e.9., an enefgy—
ray curable resin or a thermosetting resin. The energy-ray
curable resin used here is preferably an ultraviolet-ray
curable regin. Next, as illustrated in Eig. 8, a laminate
is formed by placing the second base 5a over the resin 22.
Next, as illustrated in Fig. 8B, the resin 22 is cured by
applving, e.g., an energy ray or heat as indicated by 3Z,
while pressure 1is applied.io the laminate as indicated by 33.
Examples of the energy ray usable here include an electron
ray, an ultraviolet ray, a 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 vellowing
of the resin and the second base Sa, etc. The pressure

applied to the laminate is preferably in the range of 0.01



Urethane acrylate99 parts by weight (ARONIX made by TOAGOSEI CO., LTD., refractive index of
1.545 after being cured) 2-acryloyloxyethyl acid phosphatel part by weight (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 DOV3700 made by Shimadzu
Corporation. An incident angle of light entering each sample was set to O (i.e., vertical incidence), and
the measurement was performed on the linearly transmitted light. The measured spectral
transmittamg%W@yefQ_rmﬁeare;@Ioitaﬂlpiél Figs.118Ar19AaNd-2@A a pr Spettrat reflectandes of the optical
film was measured by using the same apparatus (DUV3700) by setting an incident an Ie of light
entering eashvsampéXo 8-alid By recsivitiPthesieflédte PGt it an iRtEg G Sphéres The

measured §Eectral reflecltjance Wea}/e;?ar%; arlefplglt,;[ed in IfiQ% dl%&,, él@@h%d 208, -as 1

MPa, a metal roll is to be used as the nip roll, 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 £ilm 1 is cbtained.

2 method of forming the optical film 1 by using the
manufacturing apparatus, illustrated in Fig. 3, will be
described in more detail below. First, the second base 54
is let out from a pase supply roll {(not shown},. and the let-
out second base 5a is guided to pass under the coating
device 45. Next, an lonizing-ray curable resin 44 Is coated
by the coating device 45 on the second base 5a passing undern
the coating device 45, Next,‘the sacond hase Za coated with
the iénizingwray curable resin 44 is conveyed toward the
laminating rolls 41 and 42. On the other hand, the
reflecting-layer affixed optical layer 8 is let out from an
optical layer supply rdll (not shown) and is conveyed toward
the laminating rolls 41 and 42.

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

without allowing bubbles to enter between the second base ba



(Evaluation of Diffuse Reflection)  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 (W about an axis perpendicular to the
incident light {see\ Figss 2leand r22)) Therresalis mensiured fan EXAMPLES Wite S<re illustrated; as an
example of evaluation results, in Figs.' 23 to 25. Note that, for EXAMPLES 1 and 3 having anisotropy
in diffuse reflecticr, the Medsirerientiad peffofmed By arranGing®a ditecdt iitwhict the diffusely
reflected light spreads to.a wider angle to be Pc', 900..Further,.the.r latting the reflection
intensity inggﬁm%?ﬁ%%%tgﬁ%eg %aé'axig%ﬁﬁe%%desnﬁﬁ%%?aﬁégtﬁe a%qsl §1§ gggic%gr%%%ﬁected light are
graphed iniigs26A:26Eranrd-27far EXAMPLES; k& 3o fi-eaeh of Figs-26A;268 and 27, - 00
represents an axis perpendicular to the sample surface, and "minus” represents downward reflection.
Upward reftecticty rasbresents aeomporert teffettéd Upivard refitivedsa Rorizétal plane when the
sample 503 is arranged in a vertical plane. Although the upward reflectance can be calculated from the
polar coor 'ﬁgfenﬁl%tg%? ngOiZ\{Z,lafch%aag iog\nn%e %%a%lcao%bjﬁlca%{gaﬁggrt Eat reason, theupward
reflectance wag galculated herg-in;a simplified manger based on the graphswfdigs. 26A, 268 and 27
each representing a distribution of reflection intensity in the incident plane. For the plots of Figs. 26A,
268 and 27,1hé diffusely yeffectmdtight exdeptifor Hvel speciialy yefleateddight wel compensated for a
component corresponding to a decrease of the intensitxézggsed _the&ahc mjrror 502 and a

it Y

b
component-85FESForHiRgE an Thetéase Btthé fntefsity catised %}l/rétray'ligh {sée the plot of

calculated data (Li2) inyqach.graph) Qadhat oceasion.hecauseseflegtion in a dikectiondower than the
specular reflection was not measured due to the specific layout of the measuring optical system, the .

plotting wasgnade bnlaryassdmistionsthat theddistribetion oftthereftectiortintensiniwasertically
symmetrical with respect to an axis at which the reflection intensity was maximized. Further, the

calculation T8Eulfs'6f Bpfard teflectance Bré HSETin TFadig 1S Yiver befdow, by defining the upward
reflection ag the reflection.toward the,side gorrespondingto.a smaller angle.than.thag of the axis (Om -

45) perpendicular to the sample surface, and by defining the upward reflectance as (upward reflection
/ all reflectiga:componensiexcept far specuarireflection)t Frem thelcalGulaton #ésultsiit is understood
that the upward reflectance depends on the shape of the reflecting layer regardless of the type of the

reflecting |&peraAgaitraty JBedausethesdiréttion infWhiththe diffue féfidctionittersity is maximized
s shited n EXAUPLE 3 dependo.an the, asympetica e, of hegplalfm, there iference

of about 10 in Om between the direction of the maximized diffuse reflection intensity and the specular
reflection digeetigm.akdowever, the calculation results of upward reflectance differ from each other just
several percentages regardless of which one . )
Given that the process temperature in the above-

described process of forming the second optical layer 5 is

+£°C, the first optical layer 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

neating temperature of the laminating roll 41. The first

optical layer 4 is conveyed, for example, iIn such a state

that the first optical layer 4 .is formed on the first base

- 55 -



of those two directions is selected for the calculation. (Evaluation of Transmission Image Clarity)

For each of the optical films according to EXAMPLES 1-9 and COMPARATIVE EXAMPLES 1-3,
transmission image clarity was evaluated as follows. Values of the transmission 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 wasan 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 1A light source used here was the 065

light source, (Rvaluation-efHiaze) a1 &e each af she opticatfilms acedrding:to EXAMPLES 1-9 and.
COMPARATIVE EXAMPLES 1-3, haze was evaluated as follows. Haze was measured under

measuringféoritionsh donforhrty0itedIS R718EDYESiRg a Raze fneteP RSB (made by Murakami
e was (RE8S 1gTh SourGE (EUaTuatar o Vi) - Far Sach of i aptcal flme aceording to
EXAMPLES; 1-9 and COMPARAIIVE EXAMRLES 1:3-visibjlity wasevalvatesbay, by

setting the storage modulus of the first optical.layer 4 to

be.3 x 107 Pa or more at (t - 20)°C, the random concave-

COnvex shape.of the interface insidé the thical layer can

be prevented from deforming due to application of heat or

both of heat and pressure.

Further, the first optical layer 4 preferably hgs 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 roll-to-roil
manufacturing process.

In consideration of the heat resistance of the resin
used as the optical layver or the base,.tbe procass
temperature t is preferably 200°C_or lower. However, when a
resin having higher heat resistance 1ls used, the process
temperature t can be set Lo 200°C or higher.

According to the first embediment, since the optical
film ihcludes the diffuseiy reflecting surface having ﬁhe
random concave-convex shape, fhe generation of the
diffraction pattern can be suppressed. Alseo, since the

master 21 having the random concave-convex surface is

- H6 -



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 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, but if
there is a reflector having a mirror-like surface, the perimeter of the reflector is slightly blurred-x : what
is present on the opposite (outer) side is undistinguishable due to clouding xx: there is no sight on the

opposite (oxer) side (Bvalyatian of Diffraction-Ratternd « : nFoneashof the optigakfilms according to
EXAMPLES 1-9 and COMPARATIVE EXAMPLES 1-3, a diffraction pattern was evaluated as follows.
interference method, or the method utilizing
photoiithography and etching, the number of days necessary
for processing to fabricate the master can be greatly
reduced,

In contrast, when a roll-shaped master having a width
of 100 em or larger and a diameter of 20 —— larger, for
example, 1is fabricated in a regular concave-convex shape as
per design for tﬁe vurpose of controlling the direction of
light refiected by an optical film, a ict of time and cost
are taken. Ancther problem l1s that, 1f any trouble such as
an sarthguake occurs during the processing time, the master
becomes unusable.

Further, according to the first smbodiment, since the
wavelength-selective reflegcting layer 3 as a partially
reflecting laver is formed on 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 te 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 layer 4 and the second optical layer 5 has the
smooth surface, it is also possible to clearly view a

transmigsion image.



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 way to that when the film is not affixed A : a faintly spreading zone appears
around the lamp, but substantially no annoyances are felt x : a spot-like strong pattern appears
aroundthe 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 fabficatédwithcobliguredsiasting was evaluated as follows. The evaluation results are plotted in
Figs. 17A and 175.  Arithmetic mean, rouaglhn§ss Ra i"ﬂﬁ‘ss%%tg{rked bg rrgg_}easurin the surface

o :

roughness of the’ 3ftical film with A1Tobe-type Sufface shape measaring machine ET-4000 (made by

Kosaka La@gﬁ@%gg.b@%dgg\g@gg@ roughness:curve from atwardisaeasignal profile curve.
Measurement conditions were set in conformity with JIS 30601:2001. Details of the measurement

conditions ame @s:folows; ké = 0.:Bemar evafuatidroiéhgtintd miscweffex5rand data sampling interval:
0.5 km.

corresponding components as or to those in the first
embodiment are denoted by the same symbeols, and description
of those components are omitted. The optical film 1
accerding 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-transmissive layer 52 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 tc the second
embodiment. The optical film 1 has an incident surface 51
on which light L is incident. The optical film 1 diffuéely
reflects light La, which is part of the light L entering the
incident surface S1, while transmitting the remaining light
s therethrough. The diffusely reflected light is
preferably light primarily falling within the waveléngth
band of 4OO nm or longer to 2100 nm or shorter.

The semi-transmissive layer 52 serving as the partially



From the evaluation results, the following pointes were found. A surface roughness pitch Px in the
X-axis direction was longer than a surface roughness pitch Py in the Y-axis direction. Also, a mean
concave-convex interval Sm was 0.14 in the X-axis direction and 0.08 in the Y-axis direction.
(Evaluation of Number of Days Taken for Processing to Fabricate Master) 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. o : within 2 days (a risk that a trouble may
occur due te-the-eecuisence, of-an caithgurket ete dhringithe processingrisg lowyEven if a trouble
occurs during the processing, the master can be easily fabricated soon by performing the processing
again, and the predetior 6f tHesprea e is Mot affécted: Herte; espedial risk iranagement is not
necessary) A 310 10 days (there is.a isk thata tioyble may qgelrr e to the occurrence of an

earthquake, €tc. during
transmissive reflecting layer has semi-transmissivity in,
e.g., the visible range and the near infrared range. The

semi-transmissive reflecting layer may be, for example, &

ayer containing a

-

thin metal laver or metal nitride
semiconductive material. From the viewpoint of improving
anti-reflection property, color tone adjustment, .chemical
wetting, reliability against environmental degradation, etc.,
the semi-transmissive reflecting layver is preferably formed
in a multilayer structure stacked with, e.g., an oxide layer,
a nitride laver, or an coxynitride 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, Mo or Ge alcne, 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 consideraticn of
practicability. To retard corrosion of the metal layer, an
additional material, such as Ti or Nd, is_preférably mixed
in the metal layer. The metal nitride layer can be made.of,
e,q., TiN, CzN, or WN.

" The mean film thickness of the semi-transmissive layer



the processing. If a trouble occurs during the processing, the master can be fabricated by performing

~ the processing again, but the production of the optical films is possibly affected. It is hence preferable
‘that risk management is taken into consideration.) x : 11 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 opticals is severely affected. Hence, risk management is necessary.) 6E

52 can be set, for example, in the range of 2 nm or more to
40 nm or less. However, the £ilm thickness of the semi-
transmissive layer D2 1s not liﬁited to such a range so long
as the semi-transmissive layer 52 has semi-transmissivity in
the visible range and the near infrared range. Herein, the
term "semi-transmissivity" implies that the transmittance at
wavelengths of 500 nm or longer and 1000 nm or shorter is
preferably 5% or more and 70% or less, more preﬁerébly 10%
or more and 60% or less, and even more preferably 15% or
more and 55% or less. Also, the term "semi-transmissive
layer" implies that the transmittance at wavelengths of 500
nim 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 mcre preferably 15% or more and 55% or less.
<3. Third Embodiment>

In a third embodiment, the same or corresponding
componénts as or to theose in the first embodiment are
Genoted by the same symbols, and description of those
components 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 diffuseiy 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. The light scatterer is
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disposed, for example, in at least one of positions on the
surface of the optical layer Z, inside the optical layer 2,
and betweén the wavelength-selective reflecting layer 3 and
the optical laver 2. Preferably, the light scatterer is
disposed in at least one of positicons between the
wavelength—sélective reflecting layer 3 and the first
optical la?er 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, it
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 scattefing the light
other than the specific wavelength band is preferably
disposed only between the wavelength-selective reflecting
laver 3 and the support such as the window member. The
reason is that 1if the light scatterer is present between the
wavelength-selective reflecting layer 3 and the incident.
surface, the diffuse reflection characteristic is lost.
Also, when the optical film 1 i1s 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 layer 3.

Flg., 102 is a sectional View_illustrating a first

example of structure of the optical film 1 according to the
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thi;d embodiment. As illustrated in Fig. 10&, the first
optical layer 4 includes a resin and fine particles 11. The
fine partiéles 11 have a refractive index differing from
that of thé resin, which is a main 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 1l may be
hollow 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 cf the formers. Among those examples,
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
rhird embodiment. As illustrate@ in Fig. 10B, the optical
film 1 further includes a light diffusion layer 12 on the
surface of therfirst optical layer 4. The licght diffusion
layer 12 includes, for example, a resin aﬁd fine particles.
The fine particles can be made of the séme materials as
those used in the above—described first example.

Fig. 10C is a sectional view illustrating a third
example of structure of the optical film 1 according to the
third embodiment. As iilustrated in Fig. 10C, the optical

£ilm 1 further includes a light diffusion layer 12 between

the wavelength-selective reflecting layer 3 and the first
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optical layer 4. The light~diffusion layer 12 includes, for
example, a resin and fine particles. The.fine pa;ticles 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, &
visually attractive design can be gilven to the optical film
1 by making the optical film 1 clouded.
<4, Pourth Embodiment>

Fig. 11 is a sectional view illustrating one example of
structure of an optical film according te a fourth
embodiment. In the fourth embodiment, the same or
corresponding components as or to those in the first
embédiment are denoted by the same symbols, and description
of those components are dmitted here. The fourth embodiment
differs from the first embodiment in that the fofmer further
includes a self-cleaning effect layer 51, which develops a
cleéning effect in itself, on-an ex?osed surface of the
optical film 1 on the side oppositely away from one of the
incidernt surface S1 and the emergent surface S2 thereof,
which is affixed to the adherend. The self-cleaning effect
layer 51 includes, for example, a phectocatalyst. For

example, TiO; can be used as the photocatalyst.
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As described above, the optical film 1 is featured in
transmitting part of the incident iight therethrough. When
the optical film 1 is used cutdecors or in a dirty room, for
example, 1ight is scattered due to dirt and dust adhering to
the surface of the optical film 1, whereby tCransmissivity
and reflectivity are lost. Therefore, the surface of the
optical film 1 is preféﬁably optically transparent at all
times. In other WOrds, it is preferable fhat the surface of
the eptical film 1 is superior in the water-repellent or
hydrophilic property and it can automatically develop the
gself-cleaning effect. |

According to the fourth embodiment, since the optical
fiim 1 includes the self-cleaning effect layer 51, the
water—-repellent or hydrephilic property, etc. can be glven
to the incident-surface. Hence, 1t 1s possible to suppress
dirt and dust from adhering to the incident surface and to
suppress degradation of the diffuse reflection
characteristic.
<5. Fifth Embodiment>

Fig. 12 is a sectional view i1llustrating one example of
structure of an optical film according to a fifth embodiment.

" In the fifth embodiment, the same or corresponding
Componants as.or to theose 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,
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the random concave—-convex shape of the first optical layer 4
is formed by using beads 53. |

Many ‘beads 53 are buriéd 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 exampls. 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 component.

It is preferable that the beads 53 are projected from
the second optical layer 5 in different amounts, and/cr 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.
<&. Sixth Embodiment>

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

and exterior members, etc. other than the window member.
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Stated another way, the optical film according to the
embodiment of the present techneclogy is applicable to not
only fixedly installed interior and exterior members, such
as walls aﬁd roofs, but alse to a device capabkle 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 suniight inteo an indoor
space, etc. In a sixth embodiment, one example of such a

device is described in connection with a sclar shading

device {in the form of a window blind or a shade) capable of .

adjusting a degree at which e group of many solar shading
menbers 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
sixth embodiment. As illustrated in .Fig. 13, the window
blind 201 as one example of the solaf'shading device
includes a heéd box 203, a slat group (sclar shading member
group) 202 made up of plural slats (blades) 202a, 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 2032, and the bottom rail 204 is

- 76 -
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suspended at lower ends of those chords. The slats ZOZa.
serving as the solar shading members are each formed in a
slender rectangular shape, for example, and are supported by
the ladder chords 206&, which afe extended downward from the
head box 2032, at predefermined intervals in a suspended
state. Further, the head box 203 is provided with an
operating member (not shown), such as a rod, for adijusting
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 202a in
accordance with operation of the operating member, such as
the rod, thereby adiusting the amount of light taken into an
indoor space, for example. Further, the head box 203 has
the function of é driving unit (ralsing and lowering unit}
for raising and lowering the slat group 202, as appropriate,
in accordance with operation of an operating member, e.g.,.a
rise-and-fall cperating chord 207.

Fig. 14A is a sectional view illlustrating a first
example of structure of the slat 202a. As illustrated in
Fig. 144, the slat 202a includes a base 211 and an optical
film 1. The optical film 1 is preferably disposed on one of
twoe principal surfaces of the base 211, the one principal
surface beling positiconed on the sidé 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.,.a
ponding layer or an adhesive layer, interposed between them.

The base 211 can be formed in the shape cf, e.g., a
sheet, a film, or a plate. The base 211 can be made of,
e.g., glass, resin, paper, or cloth. 1In 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 Lype Or 2 combination of
two or more types of the coptical films 1 according to the
above-descriped first to fifth embodiments.

Fig. 14B is a sectional view illustrating a second
example of structure of the slat 202a. In the second
example, as illustrated in Fig. 14B, the optical film 1 is
used itself as.the slat 20Z2a. In this case, the optical
film 1 preferably has such a level of rigidity that thé‘
optical film 1 can be supported by the‘ladder chords 206 and
can maintain its shape in a supported state.
<7. Seventh Embodiment>

7 seventh embodiment will be described below in

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

Fig. 15A is a perspective view illustrating one example
of structure of a relling screen device 301 according to the
seventh embodiment. As illustrated in Fig. 15A,. 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 raise 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 30Z, and one end of the
screen 302 is coupled to the winding shaft. Further, the
core member 304 is coupled to the other end of the screen
302. Preferably, the screen 302 has flexibility. The shape
of the screen 302 is not limited to particular one aﬁd is
oreferably selected depending on the shape of, €.g., a
window member to which the rolling screen device 301 is
applied. For exampie, the screen 302 has a rectangular
Shapé.

Fig. 135B 1is a sectional view} taken along line XVB-XVB
in Fig. 15A, illustrating oﬁe example of structure of the
screen 302. As illustrated in Fig. 15B, the screen 302
includes a base 311 and an optical film 1. The screen 302

preferably has flexibility. The optical film 1 is
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preferably disposed on one of two principal surfaces of the
base 311, the ohe principal surface being positioned on the
side including an incident surface on which extranecus light
is incident {e.g., on the side facing the window member) .
The coptical f£ilm 1 and_the base 311 are affixed to each
other with an affixing layer, a bending 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 film 1 may.be used itself as the screen 30Z.

The base 311 can be formed in the shape of, e.¢g., &
sheet, a film, or a plate. The base 3i1 can be made of,

" e.g., glass, resin, paper, or cloth. 1In consideration of
the case of taking visible light intoc & 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 rolling screens. The
optical film 1 used here may be cne type or a combination‘of
two or more types of the optical films 1 according to the
above-described first te fifth embodiments.
<8, Eighth Embocdiment>

An eighth embodiment will be described in connection
with the case of applying the present technology 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 reflactive 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 lighting portion 404 provided with an optical
vody 402. More specifically, the fitting 401 includes the
optical body 402 and a frame member 403 that 1s disposed in
a peripheral portion of the optical body-40Z. The optical
body 402 1is 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 & shoji (i.e., & pépex—made and/or glass-—
fitted sliding door), applications of the present technology
are not limited to such an example and embodiments of the
present technology can be applied to various types of
fittings that inclﬁde'lighting portions.

Fig. 16B is a sectional view illustrating one example
cf Stﬁucture 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 twoe
pfincipal surfaces of the base 411, the one principal
surface being positioned on the side including an incident
surface on which extraneous light is incident (e.g., on the
side facing the windowlmember or outward). The optical film

1 and the base 411 are affixed to each other with an
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affixing layer, e.g., a bonding layer or an adhesive layer,
interposed between them. Note that the structure of the
shoiji (specificaily the optical body 402) is not limited to
the illustrated example and the optical film 1 may be used
itself as the optical body 40Z.

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.¢., glass, resin, paper, or cloth. In consideration of
the case of taking visible light into a predetermined Indoor
space, for example, & resin having transparency 1is
preferably used as the material of the bage 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]

Wnhile the present technology will be described in more
detall below in connection with EXAMPLES, the present
technology is not limited to the following EXAMPLES.

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

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

Ion Beam) to form a cross-section. Then; the film thickness
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of the réflecting layer was measured in a direction
perpendicular to the incident surface or the emergent
surface by using a TEM {(Transmission Electron Microsccpe). -
The measurement was repeated at arbitrary 10 points on the
optical film, and measured values were simply averagec
(arithmetically averaged), CThereby obtaining the mean £ilm
thickness.

(BEXAMPLE 1)

First, a transmissive anisotropic diffusion sheet
{trade narme : L3D40x20°, acryl sheet type) (FWEM angles of
transmitted light resulting from incideht light entering
perpendicularly to a film are 40° and 20° 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

'interfe;ence method, was prepdred as an underlying shaped
film {(shaped resin layer}. On the underlying shaped film,
an AgBi film was formed, as a reflecting layer, in a mean
film thickness of 12 nm by sputtering using an alloy target
with a composition ratio of Ag/Bi = 99.0 at%/1.0 at%.

Next, a UV ¢urable resin {composition) formulated to be
matched in refractive index with the transmissive
anisotropic diffusion sheet (trade name: LSD40x20°) was
coated on the underlying film (specifically, ot ths

reflecting layer) formed as described above, and a PET film
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(A43C0 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 a
result, a resin layer (hereinafter referred to as an
"embedding resin layer") was formed by the curing of the
resin composition between the smooth PET film and the
réflecting layer. Thus, an objective optical film was
obtained.

(EXAMPLE 2)

An optical film was obtained in a simllar manner to
that in EXAMPLE 1 except for using, aé the underlying shaped
film (shaped resin layver), a transmissive diffusion sheet
{(trade name: DDS40°) (acryl ty?e) made by POC.

(EXAMPLE 3)

A master for replicating an anisotropic 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 Fuji Manufacturing Co.,

Ltd., Model Name: SGF-4(A))

abrasives: alumina (count: #1880, mean grain size: 76 um}

distance between blasting gun and master blank: 50 mm

angle formed between blasting gun and master blank: 8°

- B4~
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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 wm. 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
acrylaﬁe 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 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 film. On the surface of the shaped resin
layer, an AgBi film was formed as a reflecting layer in a
mean film thi;kness of 12 nm by sputtering in a similar
manner to that in EXAMPLE 1.

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

by Toyobo 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 laver was formed by the curing of the resin
composition between the smooth PET film and the reflecting
layer. Thus, an cbjective optical fllm was cbtained.
<Formulation of Resin Composition>

Urethane acrylate 899 parts by weight

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

1.533 after being cured)

2-acryloyloxyethyl acid phosphate 1 part by weilght

(LIGHT~ACRYLATE P-1A made by KYOEISHA CHEMICAL Cc., LTD.)
(EXAMPLE 4)

An optical film was obtained in a similar manner to
that in EXAMPLE 3 except for forming, as a partially
réflecting layer, an A1Ti film in a thickness of 10 nm.
(EXAMPLE 5)

An optical film was obtainéd 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 0.003.
<Formulation of Resin Composition>

Urethane acrylate 99 parts by weight
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(ARONIX made by TOARGOSEI CO., LTD., refractive index of

1.53¢ after being cured) |

2-acryloyloxyethyl acid phosphate 1 part by weight

(LIGBT-ACRYLATE PHlA made by KYOEISHA CHEMICAL Co., LTD.)}
{(EXAMPLE ©)

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 laysr and the shaﬁed'resin layer was set
to 0.006.
<Formulation of Resin Composition>

Urethane acrylate 99 parts by weight

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

1.539 after being cured)

2—acryloy10xyethyl acid phosphate i bart by weight

(LIGHT-ACRYLATE P-1A made by KYOEISHA CHEMICAL Co., LTD.)
(EXAMPLE 7)

An optical film was obtaiﬁed 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 G.009.

<Formulaticn of Resin Cemposition>
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EXAMPLE 5 EXAMPLE 6 EXAMPLE 7 EXAMPLES EXAMPLE 9 COMPARATIVE EXAMPLE 1
COMPARATIVE EXAMPLE 2

Urethane acrylate ' 99 parts by weight

.(ARONIX made by TOAGOSEi Co., LTD., refractive index of

1.542 after being cured)

2-acryloyloxyethyl acid phosphate 1 part by weight

(LIGHT-ACRYLATE P-1A made by KYOEISHA CHEMICAL Co., LTD.)
(EXAMPLE 2)

An optical film was obtained in & similar manner.to
that in EXAMPLE 3 except that the partially reflecting layer
(wavelength-selective reflecting layer) was formed by
successively stacking films of GAZG (27 nm), AgNdCu (9 nm),
and GAZO (88 nm) from the lower side.,

(EXAMPLE 2)

An optical film was obtalned in a similar manner to
that in EXAMPLE 3 except that the partially reflecting laver
{wavelengthwselective reflécting layer) was formed by
successively stacking films of GAZO {(mean film thickness of
27 nm}, AgNdCﬁ (mean film thickness of 9 nm), GAZO (mean
film thickness of 88 nm), AgNdCu (mean film thicknesé of 9
nm), and GAZO (mean film thickness of 27 nm) from the lower
side.

(COMPARATIVE EXAMPLE 1)

An optical film was obtained by forming an A1Ti film in
a ‘mean film thickness of 10 nm on a PET film (A4300 made by
Teyobo Co.,.Ltd.,.thickness of 75 pm) having a Smogth

surface.
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COMPARATIVE EXAMPLE 3 Table 2 Master processmg method EXAMPLES, etc. Number of days
taken for processing to fabricate master

(COMPARATIVE EXAMPLE 2)

An.opﬁical film was cbtained in a similar manner tb
that in EXAMPLE 3 except that the partially reflecting layer
(wavelength-selective reflecting lavyer) 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 compoesition formulated
as glven 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 shéped resin layer was set
to 0.012.
<Formulation of Resin Composition>

Urethane acrylate _ 99 parts by weighf

(ARONIX made by_TOAGOSEI CC., LTD., refractive index of

1.545 after being cured)

Z2-acryloyvloxyethyl acid phosphate 1 part by weight

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

For each of the opticael films according to EXAMPLES 1-9
and COMPARATIVE EXAMPLES 1-3, spectxal transmittance was
evaluated as follows.

The spectral trénsmittance 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 measureﬁent was performed on the linearly transmitted
light. The measured spectral transmittance waveforms are
plotted in Figs. 18A, 19A and Z0A.

Spectral reflectance of the optical film was_measuzed
by using the same apparatus (DUV3T00) by setting an incident
angle of light entering each sample to 8° and by receiving
the reflected light with an.integrating sphere. The
measured spectral reflectance waveforms ére plotted in Figs.
18B, 19B and Z0B.

(Evaluation of Diffuse Reflectiocon)

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 halocgen light
source 501 (Fig. 21) collimated with parallelism of 0.5° or
less, & 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 valge of
reflection intensity at wavelengths of 900 to 135350 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° (¢ém) about an

axis perpendicular to the incident -light (see Figs. 21 and



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 shap'e, 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 1, because the partially reflecting layer is formed on the flat surface of the optical film, the

upward reflectancesis 0% su B GOMRARATIVE EXAMRILE 2; becadse the partially reflecting layer is
formeda large thickness of 100 nm, the optical film does not transmit light therethrough. In
COMPARATIVE EXAMPLE S, becausethediffersiée Whtpon results, in Figs.

23 +o 25, Note that, for EXAMPLES 1 and 2 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 = 290°. Further, the
results of’?lotting the reflection intensity in azimuth
containing the axis of the incident light and the axis of
speculatly reflected light are graphed in Figs. 26A, 26B and
27 for EXAMPLES 1 to 3. In each of Figs. 264, 26B and 27, 8
= 0° 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 plané. Although the upward reflectance can be
calculated from the polar céordinate plot of Fig. 22, a
calculation meﬁhod is complicated. For that reascn, the
upward reflectance was calculated here in a simplified
manner based on the graphs of Figs. 26A, 26B and 27 each
representing a distribution of reflection intensity in the
incident plane. For the plots of Figs. 26A, 26B and 27, the
diffusely reflected light except for the specuiarly
reflected ligﬁt was compensated for a component
corresponding to a deéfease of the intensity caused by the

half mirror 502 and a component corresponding to an increase
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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 values, etc. can also be used when
necessarycf - tAlsojthestriictures s tite abovédescribet embedinteris kaneé Selectively combined

with each other without departing from the scope of the present technology. . While the foregoing
embodimeﬁf&ﬁ&ﬁ@*b%%nd&éﬂf&rii?é%ﬂ by'way 6 e%r&?%f‘z, ey Oc%ét%Leon

‘in connéction wi cdse where the window

blind and the rolling screen device are manually.operatest, the window blindang.therrolling screen

device may be electrically operated. The foregoing embodiments have been described, by way of
example, inednaection witistheccase where theloptical fillreissaffixed iotheaddhérend, such as the
window member. However, the adherend, such as the window member, may boe constituted as the first

optical layér'6r fhiersetoritPoptical 1ayeritsdifar the! ptieat it “Phatthoditication enables the
adherend, such as.the window member, {0 have,the diffuse, reflectionfunetion inadvance.  While,

the foregoing embodiments have been described, by way of example, in connection with the case
where the ppticaldady-isithe opticatfilmi,cthe shape okthesapticad bady ds:het Amitedtora film, and the
optical body may have a plate- or block-like shape. = o

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 smallez

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 upwéfﬁ reéiectance cepends oﬁvtﬁe shape

of the reflecting layer_regardless of the type of the |

reflecting layer. Additionally, because the direction in

which the diffuse reflection intensity i1s 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 reflection

intensity and the specular reflection direction. However,

the calculation results of upward reflectance differ from

each other just several percentages regardless of which one
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While the foregoing embodiments have been described, by way of example, in connection with the
case of applying the present technology to the interior or exterior members, such as the window
member, the fitting, the slat of the window blind, 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 which 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 exterior member formed by a
transparent basedeavhieh the:opticabbedy {diffusereflattdr) is affixeda Bydnstalling-such an interior or
exterior member indoors or outdoors near a window, it is possible, for example, to diffusely reflectonly
an infrared A the G RdB6r ARETEHARS YRiibI&TFE iftdthe idoor. Accordingly, when the interior or

exterior member is installed, necessity of lighting fqr.an indaor space:is regegd.drurthey, since the
interior or exterior member hardly causes scatter reflection toward the indoor side, a temperature rise
in the surrewRdings candie sappressedein addifiony thesoptical bodirmay belapplied teeether affixing
target members (adherends) than the transparent base depending on the desired purpose of, for
example, c@hﬂbﬂﬁ@@isﬂﬁli@@n}eﬂﬁﬁincré{%ﬁﬁﬁ strehgtie  EAWRIBRRE toregdftfi’émbodiments have

been descibe, by way,of example, n gonniection i i case of anpling the present technology t
a de cati

the window Bfind and'’t ”geroﬂlng screen device, application examples of the present technology are not

limited to the Hlustrated gpes..and erabediments of #ie present technolegy afe furtheraapplicable to
various solar shading devices installed on the indoor or outdoor side. While the foregoing
embodimeftsiRavebeenilaseribeti by WaPer éxarfipls 75 coffietich Gith-tHa 5@ dFapplying the

present technology to the sqlar shading device (e.g., th li creen device) whete a,degree at
which the $olar 8R&ding Mémbertuts off the i%éggﬁtelig?fﬁ%r?%efaﬁ?us?eg\%y tai\%ling up or letting out

the solar shading,membercapplication exaraples:ofdheresentteshnelogyrare not limited to the
illustrated one. For example, embodiments of the present technology are further applicable to a solar

shading devicenwhere adegreeatt whish atsolas shading raghiberatits 6 the tigidertight can be
adjusted by folding or unfolding the solar_sh dtinrrlrg n}%er%l;)er. One exa er%%such a. solar shading
atw

device is a pidhtett’stré8n Yevice whste a degree iSh aP55lar sha ing member cuts off the

incident light can, be adjustegi by folding.Qrunfalding a screen asthe solarrshading member in the form
of bellows. While the foregoing embodiments have been described, by way of example, in

connectionmitin thes case of applying thepresenittechnblogyctota horzestal-type window blind
(Venetian Wi_[ldOYV blind), embodiments of the present technology are further applicable to a
vertical-typéSiRdof oIty oF #aze!

For each of the optical £ilms according to 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 & haze meter HM=-150 (made
by Murakami Color Research Laboratory Co., Ltd.). The
measured results are listed in Table 1. A light source used
here was the D65 light socurce.
{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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The present disclosure contains subject matter related to that disclosed 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. It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and alterations may occur depending on
design requirements and other factors insofar as they are within the scope of the appended claims or
the equivalents thereof. 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

follows,

The fabricated film was affixed to a glass with a
thiékness of 3 mm by using an optically transparent adhesive.
The glass was held at a distance away from the eyes about 50
crm, 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 1 neither multiple images nor clouding due to

‘diffraction appear, and the cuter sight can be viewed

in a similar way to that when viewed through an
ordinary window

A : no problems occur in ordinary use, but 1f there is a
‘reflector having a mirror-like surface, the perimeter
of the reflector 1s slightly blurred

x : what is present on the opposité (outer) side is
undistinguishable due to clouding

xx: there is nc sight on the oppesite (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 mn by using an optically transparent adhesive.

The glass was held at a distance away from the eyes about 50



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;  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 there,ihrough. 3. The optical body according to Claim 1 or 2, wherein a value of

o L L s et e ol
width of 0.59Mowing 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
way to that when the film is not affixed
A : a faintly spreading zone appears around the lamp, but
| substantially nc annovances are felt
X 1 & spotwiike strong pattern appears-arcund the lamp
(Evaluaticn 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 obllique blasting
WAS evaiuated as fdllows. The evaluation results are
plotted in Figs. 17A and 17B.

Arithmetic mean roughness Ra was obtained by measuring
the surfacé roughness of the optical film with a probe-type
surféce shape measuring machine ET~4000 (made by Kosaka
Laborateory Ltd.), and deriving a roughness curve from a two-
dimensional profile curve. Measurement conditions were set
in conformity with JIS B0601:200L. 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



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 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. 6. The optical body according to anyone of the preceding claims, wherein the first
optical layer and thesecond optical layer are made of the same resin having transparency in a visible
range, and the second optical layer contains one or more additives. 7. The o tica body according
to anyone ofthel. 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. Thé opHEARSSUY A8CoM TG td°ahFond of tie pracedig cairs Twherdii an optical layer is
formed by the first optical ayer and the_seco Qu%@uﬁilceaééa%?{tﬁﬂd py the optical bady.further
iti

comprises%aﬁgh SChfterer i at least one of positions on a surface of the optical layer, inside the
optical layer; apdhetweenthesvavelgpgth-selective reflecting layerand theroptical layer 9. The

optical body according to anyone of the . _
in the X-axis direction and 0.08 in the Y-axis directlion.
(Evaluation of Number of Days Taken for Processing to
Fabricéte Master)

vor each of the replica masters used to fabricate the

optical films according to EXAMPLES 1-8, 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
alsc evaluated based on the same criteria.

o : within 2 days (a risk that a trouble may occur due to
the occurrence of an earthguake, etc. during the
processing is low. Even if a trouble occurs during
the processing,'the master can be esasily fabricated
soon by performing the processing again, and the
production of the optical films is not affected.
Hence, especlal risk management ig not necessary.)

A :.3 to 10 days'(there is a risk that a trouble may occur
due to the occurrence of an earthqguake, eitc. during
the processing. If a trouble occurs during the

processing, the master can be fabricated by performing



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 the light other than the -
specific wavelength band therethrough to be taken into the predetermined space. 11. The optical
body according to anyone of the preceding claims, wherein the wavelength-selective reflecting layer is
made of a transparent electroconductive 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 thairevessibly.changesreflective performange theraof sipoprapplication of an external
stimulus. 12. The optical body according to Claim 2, wherein the optical body diffusely reflects the
part of the incidentlightde Jprévenisthespart of the incidditdight front entefintfa predetermined space,
while transmitting the remaining light therethrough to be taken into the predetermined space. 13.
The optical body aF&E@F(ﬁﬁG%%I%%ﬁE, WhistelfPth S8t trandmissive layer has transmittance of 5% or
more and 70% or less in a.wavelength range of 500 nm or longer to 1000 nm or shorter. 14. A
window member including the optical body according to anyone of the preceding claims. 15. A fitting
including a lightingiportiopsprovided=cil8:- (2 risk that a trouble may occur

due to the occurrence of an earthguake, 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.)

- A



17. An optical

forming a first optical layer having a random

16. A solar shading device
forming a reflecting layer on the concave-convex surface; and

wherein the solar shading

member includes the optical body according to anyone of the preceding claims.
body manufacturing method comprising the steps of:

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

wherein the reflecting.laye
band
g Bt
a2

specific wavelength

comprising one or plural solar shading members to cut off sunlight,
18. An optical bod

with the optical body according to anyone of the preceding claims.
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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 Iayef 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 material of the first
optical layer, thereby forming the first optical layer having the random concave-convex surface.

20. The opltlcgibogy manufacturlng method according to Claim 19, wherein, in formlng the random

CONcCave-coRvex c the-master-surd T OTTCHEV frn G AT TVEXR, SR ned in the
master surfacrgl%ﬁer qﬁf@f %‘fé?stmg metr%g a I[éser interferenc&@gmg,t@m@@ﬁﬁgahzmg
photolithggraphy 8@ BHgTNT- EXAMPLES 3-¢ |
Laser interference EXAMPLE 1 and 2 ' 0
Cutting info corner cube - %
shape

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

Tn FEXAMPLES 1 to ¢, since the semi-transmissive layer
or the wavelength-selective reflecting layer, which are each
the partially reflecting laver, is formed on the shapéd
resin layer having the random concave-convex shape, the
occurrence of the diffraction pattern can be suppressed.
Alsc, 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.

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

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

In COMPARATIVE EXAMPLE 3, because the difference An in



OPTICAL BODY, WALL MEMBER, FITTING, AND SOLAR SHADING DEVICE ABSTRACT OF THE
DISCLOSURE  An optical body includes 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. Figure

IA
refractive index between the shaped resin layer and the
émbedding'resin layer_exceeds 0.010, the wvalue of the
transmission image clarity is smaller than 50. Accordingiy, .
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 technclogy.

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

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

While the foregoing embodiments have been described, by
way of example, in connection with the case where the window
bilind and the rolling écreen device are manually operated,
the window blind and the rolling screen device may be
electrically operated.

The foregoing embodiments have been described, by way
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of example, in connectién 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 f£ilm. That modification enables
the adherend, such as the window member, to have the diffuse
refle;tion function in advance.

While the foregoing embodiments have been described, by
way of example, in connection with the case where the
optical kody is the pricai film, the shape of the optical
body is not limited to a f£ilm, and the optical body may have
a plate- or block-like shape.

While the foregoing embodiments have been described, by
way of example, in connection with the case of applying the
present technology to the interior or exteriocr members, such
as the window member, the fitting, the slat of the window
blind, 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 technclogy are further applicable to other interior
and extericr members than the above=described ones.

Examples ‘of the interior or exterior members to which
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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exterior member formed by a transparent base to which the
dptical body (diffuse r@fléctor} ishéffiked. By installing
such an interior or exterior member indoors or outdoors near
a window, it is possible, for example, 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 installed, necessity of lighting for an
indoor space is reduced. Further, since the interior or
exterior member hardly causes scatter reflecticn toward the
indoor side, a temperature rise in the surroundings can be
suppressed., In addition, the cptical body may be applied 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 ths
present. technology to the window blind and the rolling
screen device, application exaﬁples of the present
technolbgy are not limited to the illustrated ones, and
embodiments of the present technology are further applicable
.to various solar shading devices installed on the indoor or
outdoor side. |

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

preserit technology to the solar shading device (e.g., the



rolling screen device) where a degree at which the sclar
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 sclar shading
member cuts off the incident light can be adjusted by
folding or unfolding the solar shading member. One example
of such a. solar shading device 1s a pleated screen device
where a degree at.which a solar shading member cuts off the
incident iight can be.adjusted by folding cor unfolding a
screen as the solar shading member in the form of bellows.

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

The present disclosure contains subject matter related
to that disclosed 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,

Tt should be understood by those skilled in the art
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that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirenents
and other factors inscfar as they are within the scope of

the appended claims or the equivalents thereof.

- 104 -



CLAIMS:

1. An optical body comprising:

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

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

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

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

other than the specific wavelength band therethrough.

2. An coptical body comprising:

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

a reflecting lavyer formed con the concave-convex
surface; and

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

wherein the reflecting laver is a semi-transmissive
layver for diffusely reflecting part of incident light and

transmitting the remaining light therethrough.
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3. The opticél body according to Claim 1 or 2, wherein
a value of transmission image clarity for the light at
wavelengths transmitting th;ough 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 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
oreceding claims, wherein a difference in refractive index
between the first optical layer and the second optical layer
is not more than 0.010.

6. The cptical pody according to anycne of the
preceding claims, wherein the first optical layer and the
second optical layer are made of the same resin having
transparency in a visible range, and the second optical

layer contains one or more additives.,
7. The optical body according te anyone of the
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7. The optical body acccerding to anyone of the
preceding claims of the first optical layer and the second
optical layer absorbs light in a specific wavelength bkand

within a visible range.

8. The optical body according to anyone of the
preceding claims, wherein an optical layer 1s 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 lavyer on an incident surface of the optical body.

10. The optical body according to anyons c¢f the
preceding ciaims, 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 therethrcugh to be

taken into the predetermined space.
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11. The optical body according to anvyone of the
preceding claims, wherein the wavelength-selective
reflecting layer is made of a transparent electroconductive
film containing, as a main component, an electroconductive
material having transparency in a visible range, or a
functional film containing, as a2 main component, a chromic
material that reversibly changes reflective performance

therecf upon application of an external stimulus.

12. The optical body accexrding to Claim Z, 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 cptical body according to Claim 2, wherein the
semi-transmissive layer has transmittance cf 5% or more and
70% or less in a wavelength range of 500 nm or longer to

1000 nm or shorter.

14, A window member including the optical body

according tc anyone of the preceding claims.

15. A fitting including a lighting portion provided
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with the coptical body according to anycne of the preceding

claims.

16. A golar shading device comprising one or plural
solar shading members toc 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 cf:

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

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

forming a second cptical 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 specilfic wavelength band therethrough.

18. 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 sescond optical laver on the reflecting laver
to embed the concave-convex surface;

wherein the reflecting layer 1s 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,c0r 18 further comprising the step of forming a
random concave-convex surface 1In 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 layer, thereby forming
the first optical laver having the random concave-convex

surface.

20. The optical kody manufacturing methed according To
Claim 19, wherein, in forming the random concave-convex
shape 1n the master surface, the random concave-convex
surface is formed in the master surface by a sand blasting
method, a laser interference method, or a& methed utilizing

phetolithography and etching.
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