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OPTI CAL BODY, W NDOW MEMBER, FI TTI NG AND SCLAR SHADI NG DEVI CE BACKGROUND
The present technology relates to an optical body, a w ndow nenber, a
fitting, and a sol ar shadi ng devi ce, which can suppress change in col or

t one. Recently, there have been increased the cases of coating | ayers
for partly absorbing or reflecting the .sunlight on architectural glasses
for high-rise buildings and housi ngs, vehicul ar w ndow gl asses, etc. Such
a trend represents one of energy-saving neasures with the view of
preventing global warmng, and it is intended to reduce a |oad of cooling
equi pnent, which is increased with solar -energy, i.e.,-the sunlight,

ent eri ng gberéagdopspt hr eughow RAEWSRANCGINAINCHY ANDe SONAGOSHRSINET at ur e.
Optical energy incomng fromthe sun is primarily given by light in a

vi si bl e range at wavel engt hs of 38YDC#80 nmand light in a near infrared
range at wavel engths of 780 to 2100 nm Because transmttance of the |ight
inthe |atter near infrared range through windows is unrelated to
visibility of human eyes, the transmttance of the near infrared light is
an i npBetasROUADt or affecting the performance that is to be provided by a
wi ndow havi ng hi gh transparency and-a high thermal shielding ability.

As an exanpTkeopreeehbdsetbnoéanyi ngletest ke PRgRPHERALhECAFar & nfrar ed
range whil e maintaining transparen to the Ilght in the visible range,

t here Wéngometissdest, Br SVHLdIlAG - @W% n%riiedﬁtciecal"”ﬁo”ﬂy havi ng
a high reflectance in the near |nfrared range Wth regards to such a

met hodcag ﬁé@ﬁﬁeéﬁeQQﬁﬁﬂi %%;QQ%QﬁIQ%W%ng layer, an optical nultilayer
filmis ,disclosed (see, panese Unexa d Pat ent ?pplication
PubllcatlonRREenééE? EQ???Bgavﬁo ErlnFﬁéaFSg?§ i TG &y & used in the

di scl osed techni que is forne flat. fI|JQ(Mé flat mn OM/gIass and
t he |n6P&§ﬁPgS ﬂyﬁﬁﬁ ﬁ%?] é%ﬁi VY Hy i ed. Therefore,

t he I i ilgim %gggggl etusrk A aélrlgasssoeesc% t}Kegrhef]}lescé %l t%t flat film

or win ngs an round 1n ear by

S B i O, 5 e oy o o st o

terrp at ure. terrperature rise occurs in

the surrr%@)gﬁg%%tq aawrg];%mg | £l d, M ndlows, anes cpatiedh i th the

above- ment ype of ayer. This gives rise to the problens
that, i t n?' QASLA. Redtni Rl anthPhenonenon disaacced eradiesk and grass
grOVVI ar :

does n eas irradiated with the reflected l'ight.

load of cooling equipment, which is increased with solar
. enerdy, i}e.;ithe sunlight, entering the~indbor through

windows and iaising the indoor température. OCptical energy
incoming from the sun is primarily given by light in a
visible range at wavelengths ofl380 to 780 nm and ligﬁt ip a
near'infrared_raﬁge at waveléngthsrcf 780 to 2100 nm.
Becausé transmittance of the light in the latter near
infrargd range through windows is unrelated to visibility of
human eyes, the transmittance of the near infrared light is.
an important factor affecting the perfgrmance that is to be
provided. by a window having high traﬁsparency and -a high

thermal shielding ability.



SUMVARY It is desirable to provide an optical body, a ,w ndow nenber, a
fitting, and a sol ar shadi ng device, which can selectively directionally
reflect light in a specific wavel ength band while transmtting |ight other
than the specific wavel ength band therethrough. As a result of
conducting intensive studies with the view of solving the above-nentioned
problens in the related art, the inventors have found an optical body in
whi ch a wavel engt h-sel ective reflecting layer is formed on an opti cal

| ayer having a three-dinensional shape. In such an optical body, however,
the wavel ength- selective reflecting |ayer is fornmed on a sloped surface.

Therefore, b gﬁagx%%p§e0£f0ﬂgk§sasb99¥ Scfahni gakednby1apptying the

ordi nary designtéec eat-ray cutoff filmis

desi gngg gb%ea%rqg&Qa%eQU|%hg%y%ﬁlﬁ l%h%%t%ifh b’QE%E%gaE@%c%pQQ;rU”1Of

reflecte i ght devi ates t he e5|gned one,” whereby a col or tone of
t he reft'h%ctg '%t t'h% %@&%q@ ansch thaay ithat rdiedeeldrect ed 1ight

becones re | 'ui sh
providing, on a w1ndow glass, an optical body having a high
reflectance in the near infrared range. With regards to
suﬁh.a method, a technique using, as a reflecting layer, an
optical ﬁultilayer £ilm is'disclosed (see, e.g., Japanese
Unexamined Patent Application Publication No. 2007—152773).
However, the reflecting layer used in the disclosed
fechnique-is formed on a flat film or a fiat window glass,
and the incident sunlight is just specularly (regularly)
reflected. Therefore, the light incoming frem the sky and
specularly‘reflected by the flat film or window glass
reaches other buildihgs and the ground in the nearby éutside
where thé”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
whlch all w;ndows are’ coated with the above-mentioned type
of reflectlng layer. This gives rise to the problems that,
in urban areas, a heat island phenomenon is accelerated and

grass does not grow in areas irradiated with the reflected

light.

SUMMARY

It is desirable to provide an optical body, a window



As a result of conducting intensive studies wth the view of avoiding the
reflected |ight becom ng reddi sh or bluish, the inventors have found that
t he change in color tone can be suppressed by setting filmthicknesses of

| ayers in a nultilayer film which constitute a wavel ength-sel ective
reflecting layer, so as to satisfy one or nore predetermnined rel ational
expr essi ons. According to one enbodi nent of the present technol ogy,
there is provided an optical body including a first optical |ayer having a
concave-convex surface, a wavel ength-selective reflecting |ayer fornmed on
t he concave-convex surface, and a _second optical |ayer formed on the

wavel eftfitRedel dcthilie gl é8G Ag SCdydr e Lt P HE ot Givex surf ace,
peassiiadalop eyttt
o ven' HRIELSRECATIY A o bretaay ki hdhd 4t S o Tt A ve f mdex
e pec TS S g R S R e 0 he ot el VT ayer is 7, x,

y and z sat %%‘;%é%g@%'zw"“c%gg{l%ﬁf}{hai%%%}ié?%ézg)cg;&%g LWitdlenGl) z < 12.1

exp{7 2 (2 ording to anot her enbodi nent

of the present 4echngl egy, JRLe s PrdAded an ont iicale Rodyindiding a

first optical layer having a concave-convex surface, a

vavel ength- selLotne teld eGlieNg Jiaverarl JdEdtAn e, GenGavecenvex
surface, and a second optical l|ayer fornmed on the wavel engt h-sel ective

ref | ectjzRe l-ayh 10 1ehed ot he FaRGaVRr COINEX iSUrfaeRsd the an
wavel engt h-sel’ective reflecting l'ayer having a nultilayer structure forned
by sucegssiogl Mayer having a three-dimensional shape.

In such an optical body, however, the wavelengthf
selective reflecting layer is formed on a sloped surface.
Therefore, if that type of,opticai body is fabricated by

" applying the ordinary design technique, as it is, with which
a heat-ray cutoff film is designed by forming a multilayer
film on a flat plate, the'spectrumrof reflected light
deviates from the designed one, whereby a color tone of. the
reflected light i1s changed in such a way that the reflected
light becomes reddish orrbluish.

As a result of cdnducting intensive studies with the
viewrof avéiding the reflectéd light becoming réddish or
bluish, the inventors have found thaf the change in color
tone can be suppressed by setting film thicknesses of layers
in a multilayer film, which constitute a wavelength-
selective refleéting'layer, so as to satisfy .one or more

predetermined relational expressions.



stacking at least a first high-refractive index |ayer, a netal |ayer, and
a second high refractive index |ayer, wherein, given that optical film
t hi cknesses of the first high refractive index |ayer and the second high
refractive index |layer are x and y, respectively, and a geonetrical film
t hi ckness of the netal layer is z, x, y and z satisfy the follow ng
formula (2): z<12.2eXp{- \ (2(0.70120)2} ..(2) 41x-Y) 62.71299.41
According to still another enbodi ment of the present technol ogy, there is
provi ded an optical body including a first optical |ayer having a

concave- COYEX SHEACe, 8 wakekBROL D sebeckikepteblast kool ayehyf or med on

t he concave- CONVEX second optic ayer forne 8t he

vave! eaglieseleliold dell LAY Ay elodp ekl Lancake-damex surface,

t he wavel engt h- elective 1ef ecting layer havinga multilayéer structure

for med 1Ry, SUGERSSIgV @l LotlatkiRGraled @antrad, lStydiakdgf-acti ve index
| ayer, a"netal |ayer, and a second high refractive index | ayer, wherein,

gi ven that epbiCdle fhidmitli akRessesrafed he) fiHes tedlicivg-efdraatd ve i ndex
| ayer and the second high refractive index |ayer are x and vy,

r especisinvelye,ar6da ageerdind ealt ifddimitdicakiessmeef drhehwetal |ayer is z, x,
y and z satisfy the follow ng formulae (1) and (2):

wavelength-selective reflecting layer to embed the concave-

convex surface, the wévelength—selective reflecting layer

having a'multilayer structure formed by successively

stacking at least a first high refractive index layer, a

metal layer, and a second high refractive index layer,

wherein, given that optical film thicknesses of the first

high refractive index layer‘and the second high refractive

index layer are x and y, respectively, and a geoﬁetrical

film thickness of the metal layer is z, %, y and z satisfy

thé'following formula (1): ‘
1 (z—120\2 1 fu—120\2 ...
z< 121 exp{-2 (225 (Y%55) @
- 2 \145.17 2 \123.14
Achrding to”aﬁdtherrembodimentjof the present
techinology, there is provided an optical body including a
first optical layer having a cencave-convex surface, a
wavelength-selective reflecting layer formed on the concave-
convex surface, and a sécond optical layer formed on the
wavelength-selective reflecting layer to embed the concave-

convex surface, the wavelength-selective reflecting layer

having a multilayer structure formed by successively



- 120) 2(y-120)2} (11 _5_ 12.1 exp{ 21 (x14-5.171 2 123.14/-."' Z < 12.2exp{
1 ( ac-9)2 1 (0.70(x+y)-120)2 ...(2) 4 62.71299.41 Wth the

enbodi ment's of the present technol ogy, a redness index value is held.in a
predeterm ned range by selecting x, y and z so as to satisfy the foregoing
formula (1). A blueness index value is held in a predeterm ned range by
selecting x, y and z so as to satisfy the foregoing fornula (2). Further,

t he redness index value and the bl ueness index value are both held in the
predeterm ned ranges by selecting x, y and z so as to satisfy the

fOrego%@%c&ﬁ%@“%ﬁel%%%tagdf&%%t high refractive index layer, a
metal layer, and a second high refractive index layer,
wﬁerein, given that optical film thicknesses of the first
high refractive index layer and the second high refractive
index layer ére xrand v, fespectively, and a geometrical
film thickness of the metal layer is z, ¥, y and z satisfy

the following formula (2):

o 2
1 [ z—y\2 1 {0.70(z+y)-120
z < 12.2exp{-4 (562.71) "2 ( __:959.31' ) pro@

‘According to still another embodiment of the present
technology, there is provided an optical body including a
first optical layer having a concave-convex surface, a
wavelength-selective reflecting layer formed on the céncave—
convex surface, and a second optical layer formed on the
wavelength—selective'reflecting'layer to embed the concave-
convex-surface, the wavelength-selective reflecting layer
having a multilayer structure formed by successively
stacking at least a first high reffactive“ihdex 1éyer, a
metal layer, aﬁd a second high refractive index layer,
wherein, given that optical film thicknesses .of the first

~ high refractive index layer and the second high refractive
index laver are x and y, respectively, and a geometrical
- film thickness of the metal layer is z, %, y and z satisfy

the following formulae (1) and (2):

| 1 (z—120\2 1 [y—120\2
“ 12.1exp{-5 ($337) -5 (4 11) H



Thus, the change in color tone is suppressed by properly selecting x, y
and z, nanely by properly setting the filmthicknesses of |ayers in the
mul tilayer structure of the wavel ength-seledtive reflecting |ayer.

"Wth the enbodi nents of the present technol ogy, the change in color tone
dependi ng on an incident angle can be suppressed. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. lAis a sectional viewillustrating one exanple of
construction of an optical filmaccording to a first enbodiment of the
present technology, and Fig. 1B is a sectional viewillustrating an

exanple in which the optical filmaccording to th%%first enbodi nent of the
pr esent c Qola oaxtengnd 16e i ny arget);
Fig. 2is %fggféggé¥p§é4v{ggmnlIugtqatlngguﬁe rel atlongﬁﬁp bet ween

incident light that is incident on t'the optical filmand reflected Iight

that is reflected by the optical film
With the emboediments of the present technology, a

redness index value is held in a predetermined range by
selecting %, y and z so as to satisfy the forégoing formula
(1). A blueness index wvalue is held in a predetermined
range by selecting X, v and z so as to satisfy the foregoing

“formula (2). Further, the redness index wvalue and the
blueness*index value are both held in the predetermined
ranges by selecting X, y and z so as to satisfy the
foregoing formulae (1) and (2}.

Thus, the change in color tone is suppressed by
properly selecting x, y and z, namely by properly setting
the film thicknesses éf layers in thé‘multilayer sfructure
of the wavelengtli-selective reflecting laver.

With the embodiments of the present technolecgy, the
change in color tone.depending on anrincident angle can be

suppressed.

BRiEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a séctional view illustrating one example of
construction of an optical film according to a first
embodiment of the presen? technclogy, and Fig. 1B is a
sectional view illustrating an example in which the optical

film according to the first embodiment of the present



Figs. BA to 30 are each a perspective view illustrating an exanple of the
shape of a structure fornmed in a first optical |ayer; Figs. 4Ais a
perspective view illustrating another exanple of the shape of the
structure fornmed in the first optical layer, and 4B is a sectional view .
illustrating an exanple of construction of an optical filmincluding the

first optical layer in which the structure illustrated in Fig. 4Ais
f or med; Fig. 5 illustrates one exanple of |ayer structure of a
wavel engt h-sel ective reflecting | ayer; Fig. 6Aillustrates an

exanpl e of the wavel engt h-sel ective reflecting layer in which a high

r ef r actior@niod@ey gy et tdsed i 0 1Igerangt 49 Lh IR g Nb205 as a
mai n conponent, and a netal |ayer ‘as . a se;gnd Ia%er is,a layer containing
AGBi as & MRLF:cOmpENEnPCIRPECTE P RY: rALES AR CARAMFE of ¢ he

wavel engt h- sel ect.i .reflect.in ayer..in i.ch a hi.gh .refracti i nde
I a;er & NS J1Ip\§>é>rtwﬁ§§ &Irﬁ‘r_ﬂ'ldﬁ aﬁ;ghﬁ%qurlg ![1%5:[1 qtafé]:' @c?—‘lnt ai f\i ng

e 5t SOEA TG LBG T IO AES Ay oS o PRe A e gt 1Bl oot i ve
refleckj%;cgﬁy%ﬁiin which the high refractive index |layer as the third
| ayer has a nulti

Ir%{yer structure that a | ayer containing GAZO as a nain
conmponent, a.layer,cont aini 5.a R4 G nt: , L ayer
contai miny SRS ag e e Pt e R SRRt “ar s Shecsaa vary ot sakad  SFigY oD
i |1 ust raf es, an 1exaphe Ofs e wavel engtinselectdvad afl ectdingd ayer in
which each of "'the high refractive index |layers as the first layer and the
third lpyer-zhas adpl tilayer structure that a layer containing GAZO as a
mai n conponent and a | ayer contai ning Nb205 as a mai n conponent

Figs. 4A is a perspective view illustrating another
example of the shape of the structure formed in the first
optical layer, and 4B is a sectiocnal view illustrating an
example of cbnstruction of an optical film including the
first optical layer in which the structure illustrated in
Fig. 4A is formed} |

Fig. 5 illustrates one example of layer structure of a
wavelethh~selective reflecting layer;

Fig. 6A illustrates an example of the wavelength-
selective reflecting-layer in which a high refradtive indgx
layer as a first layer is a layer éontaining Nby0Os as a main
component, and a metal layer as a second layer is a layer
containing AgBi as a main coeomponent, Fig. 6B 1llustrates an
example of theiwavelength—selective reflecting layer in
which a high refractive index layer as a third layer has &
multilayer structure that a layer containing GAZO as a main

component and a layer containing Nb;Os as a main component



are stacked, and Fig. 6E illustrates an exanple of the
wavel engt h-sel ective reflecting layer in which the high refractive index
| ayer as the first layer has a nultilayer structure that a | ayer
contai ni ng Nb205 as a mai n conponent and a | ayer containing GAZO as a nain
conponent are stacked, and in which the high refractive index |ayer as the
third layer has a nmultilayer structure that a | ayer containing GAZO as a
mai n conponent, a |ayer containing M205 as a nain conponent, and a | ayer
cont ai ni ng GAZO as a nmai n conponent, are successively stacked; Fi gs.
7A and 7B are each a sectional view to explain one exanple of function of
t he optdrealsthidked, Fig.Fiegs il8Asanadt8B awre cgaoiple sdctibenal view to
expl ai n one exanple of function of the optical film Figs. 9Ais a
sect i omalvelicowttho seXpicailneone fdeaming dhvieundh ohish tthe dptdcal film and
Fig. 98 is a plan view to explain one exanple of function of the optical
film refrapitgveldndsxaleyvemasi Ehg eRind Jspedt NG enévebtdnive of
construction of an apparatus for manufacturing the optical film according
to the SRS UERbGAIRFERt 1Y SFhEOPTEIEAS AP0 PSP Main CERFNEfyA to 110
illustrate successive_steRF to expl ai n, one exaqgle of % mef hod of

2 1 r "o

manuf ad ARG CRETEATHED MePm 3R Ariti 1y TY R ‘Yeht of the

resent ; . .
P cd%%%g%g%%g%ﬁzo as a main component are successively stacked,

Fig. &D illustrateé an example of the wavelength-selective
reflecting lavyer in which each of the high refractive index
layers as therfirst layer and the third layer has a |
multilayer structure that a layer containing GAZO as a main
component and a layer containing Nby;Os as a main component
are stacked, and Fig. 6E illustrates an example of the
wavelength-selective reflecting layer in which the high
refractive index layer as the first layer has a multilayer
structure that a layer containing Nb,Os as a main component
and'a léyer containing GAZO as a main component are stacked,
and in which the high refractive index layer as the third
layer has a multilayer structure that a layer containing
GAZO as a ﬁain cemponent, a layer containing Nb;0Os as a main
component, and a layer containing GAZO as a main component
are successively stackéd;

Figs. 7A and 7B are each a sectional view to explain
che example of function of the optical film;

Figs. 8A and 8B arereach a sectional view to explain

one example of function of the optical film;



Figs. 12A to 120 illustrate successive steps to explain one exanple of the
met hod of manufacturing the optical filmaccording to the first enbodi nent
of the present technol ogy; Figs. 13A to 130 illustrate successive
steps to explain one exanple of the nethod of manufacturing the optical
filmaccording to the first enbodinent of the present technol ogy;

Fig. 14 is an illustration to explain a filmthickness of the reflecting

| ayer; Fig. 15 is a flowhart illustrating one exanple of flow of
processing to determne filmthicknesses that satisfy respective desired
val ues of a redness index and a bl ueness i ndex; Fig. 16A illustrates

the similatppp.reghl fvhen.Lpechel| geLingol ayelais bpemed-npia shaped

| ayer such “the redness Index value Is in a preferable range, and

CFg. %ﬁﬁcit}LBHSBFEaftﬁ% bgrg-%gwkaﬁhgnaﬁ@swib.b@fgori% 3Dpfiiakt Agwen the
reflecting Tayer is for é on the shaped | ayer such that the redness index
value Lgphehd bLhet BeaRpeEen@blrankange; of the optical film;

Fig. 10 is a schematic view illustrating one example of
construction of an apparatus for manufacturing the optical
film according to the first embodiment of the present
technology;

Figs. 11A to 11C illustrate successive steps to explain
one example of a method of manufacturing the optical film
according to the first embodiment of the present technology;

'Figs. 12A to 12¢C illustrate successive steps to explain
one example of the method of manufacturing the optical film
according to the first embodiment of the present technology:

Figs. 13A to 13C illustrate successive steps to explain
one example of the method of manufacturing the optical film
éccording to the first embodiment of the present technology}

Fig. 14 is an illustration to explain a film thickness
of the reflecting layer;

Fig. 15 is a flowchart illustrating one exampie of flow
of processing to determine film thicknesses that satisfy
respective desired values of a redness index and a blueneés
-index;

Fig. 16A illustrates the simulation result when the

reflecting layer is formed on a shaped layer such that the

redness index value is held in a preferable range, and Fig.



Fig. 17A i |lustrates the sinmulation result when the reflecting layer is
formed on the shaped Fayer such that the blueness index value is held in a

preferable range, and Fig. 17B illustrates the sinulation result before 3D
fitting when the reflecting layer is fornmed on the shaped | ayer such that
t he bl ueness index value is held in the preferable range; Fig. 18A

illustrates the sinmulation result when the reflecting layer is fornmed on

t he shaped | ayer such that the redness index value is held in a nore
preferable range, and Fig. 18B illustrates the sinulation result before 3D
fitting when the reflecting layer is formed on the shaped | ayer such that

t he redmress lilngexaralsuehies siahd &t drhecemrle predfoarealdle fridangelg when Fi g.
19A illustrates the sinulation result when the reflecting layer is forned
on t he t$leaped leayengs lelyetrhats thrertslduemeddhd mdewavallwesrs shald timta nore
preferable range, and Fig. 19B illustrates the sinulation result before 3D
fi'tti nghsherdnes sr éfidect iviag Ueayier hed & ammddreopnsie rsidfedd®fsr such t hat
the bl ueness index value is held in the nore preferable ran%e; Fig. 20A

il lustratesFifie $VAubathonrpesal thaheamuhetien seprag Wagar the fornmed on

t he shaped | ayer such that the redness index value is held in an -
especi dEfyeFitengr ablve T dfgdorawd ming throphanass teateds s Shdh dthicon

result before 3D fitting when the reflecting |layer is forned on the shaped
| ayer SUERTERA LARE% Sdnsss indBi amu@ R HadaLs CREGapetinliyg:

prefer%g%eiﬁﬁg%%kates the simulation result before 3D fitting when
the reflecting layer is formed on the shaped layer such that
the blueness-index value is held in the preferéble range;

Fig. 18A illustrates the simulation result when the

reflecting layer is formed on the shaped.laYer such that the
redness index value is held in a more preferable range, and
Fig. 18B illustrates the simulation result before 3D fitting
when the reflecting layer is formed on the shaped layer such
that the redness index wvalue is held in the more preferable
range;

Fig. 19A illustrates the simulation result when the
reflecting layer 1s formed on the shaped layer such that the
blueness index value is held in a more preferable range, and
Fig. 19B illustrates the simulation result before 3D fitting
when.the reflecting layer is formed on the shaped layer such
that the blueness  index value is held in the mocre preferable
ranges;

Fig. 20A illustrates the simulation result when‘the

reflecting layer is formed on the shaped layer such that the
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Fig. 21Aillustrates the sinmulation result when the reflecting layer is
formed on the shaped | ayer such that the blueness index value is held in
an especially preferable range, and Fig. -21B illustrates the sinulation.
result before 3D fitting when the reflecting layer is formed on the shaped
| ayer such that the blueness index value is held in the especially

pr ef erabl e range; Fig. 22Ais a sectional viewillustrating a first
nodi fication of the first enbodi ment of the present technol ogy, and Fig.
22B is a sectional viewillustrating a second nodification of the first

enbodi nent of the present technal ogy; Fig. 23Ais a rspective view
i |1 ust EEEARFT Sa M 9ES VeafpliE @fe%éo%ﬂ @d}aﬁ‘*’l%&tﬁl foﬁsﬁe%&%%m | ayer in
an optical film accordi t.q.a second odi.ment_.of the present
Lechno 68y FrG 3381 208 perSFedainve Vit TIHUSTH f6 L Selbrd Exanpl o
of conf}j ati.on of the first -opti.cal | ayer .in the optical filmaccording
to the 3@8?&%&lé}?bg&er?e%@eofretft%éaﬁ):&rlélsger%tay%/eerchlnsolft)ogrﬁEdgr?dl I?;lhge. S%(? elds: a

per speqi e ey ihLystrating athivd oxayple. of, Ganid gy aijon of the

first “optical Tayer in opti cal m according to the second

enbodi g gcq%1&9§5%%g%g%%1k§gg%%gggy; Fig. 24Ais a plan view

“illustrating a th exanpl configuration of the first optical |ayer

in the optigal fbhm agearding5o hhes356a0¢ i8rbediIERt wAEL! BEPr esent
technol ogy, Fi'g. 24B is a sectional View, taken along |ine XXIVB-XXl VB, of

the i nglr1QpiieR) 1la%er iid lresiieat e ivhdidhadh1Ard Hubh 2424 Sre
sectional view, taken along line XXIVCGXXIVC, of the first optical |ayer
i1l ust eGdsy Binglex24Alue is held in an especially preferable
rangé, and Fig. 21B illustrates the simulation result before
3D fitting when the reflecting layer is formed on the shapea
layer such that the blueness index value is held in the
especially preferable fange;

Fig. 22A is a sectional view illustrating a first
modification of the fi:st embodiment of the present
technology, and Fig. 228 ié a sectional view i1llustrating a
second modification of the.first embodiment of the présent
technology;

Figl 23A is a perspective view illustrating a first
‘example of configuration of a first optical layer in an
optical film according to a second embodiment of the present
technology, Fig. 23B is a perspective view illustrating a
second example of configuration of the first optical layer
in the optical film according to the second embodiment cf
the present technology, and Fig. 23C is a perspective view

illustrating a third example of configuration of the first.
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Fig. 25Aisa plan viewillustrating a fifth exanple of configuration of
the first optical layer in the optical filmaccording to the second

enbodi ment of the present technology, Fig. 25B is a sectional
along line XXVB-XXVB, of the first optical layer illustrated
and Fig. 250 is a sectional view, taken along |ine XXVC XXVC,

vi ew, taken
n Fig. 25A
of the first

optical layer illustrated in Fig. 25A Fig. 26A is a plan view
illustrating a sixth exanple of configuration of the first optical |ayer
in. the optical filmaccording to the second enbodi nent of the present
technol ogy, and Fig. 26B is a sectional view, taken along |ine XXVI BXXVI B,

ggczrgﬁﬁﬁﬁ%%loa%b%%liEa%%% U'k%%%ﬁaEQQHG%gﬁk&di%gA%Q the Fé%on%7A I's a

Vi ew | ustrating one exarrpl e construction of an

optical film

aceor dichg i ol fed HID QAR %%c%%%1%§§§ent technol ogy, and Fig. 273 is

a perspective view |
optical layet i
present tec nglogy;

trating one exanple of configuration

of a first

i nohRe; apti gaknf ik meageopdipgdet gt Rersbi-ed epbedigent of the
Fig. 28Ais a sectional viewillustrating a

first exampg iofurGenshy Wet itoR &firan opficall fidyaaceortiengdiaaifourth

enbodi nent of the present technology, Fig. 28Bis a sectional

Vi ew

i1 ust rratlih g2 o3RG eRd texam &foreorReldddiainemt off te @itdsealt film

according to the fourth enbodi nent of the present technol ogy,

and Fig. 280

is a seeidgrerdlogyi,ewiigl.| Bsie dtd g s dthiond lexarpl, e tafkecongiarectliior of the
optical filmaccording to the fourth enbodi nent of the present technol ogy;
XXIVB~-XXIVB, of the first optical layer illustrated in Fig.

24A, and Fig. 24C is a sectional view, taken along line

XXIVC-XXIVC, of the first optical layer illustrated in Fig.

Z4A;

Fig. 25A is a plan view illustrating a fifth example of

configuration of the first optical layer in the optical

film

according to the second embodiment of the present technoclogy,

-Fig. 25B is a sectional wview, taken along line'XXVB—XXVB,'of

the first optical layer illustrated in Fig. 25A, and Fig.

25C is a secticnal view, taken along line XXVC-XXVC, of

first optical layer illustrated in Fig. 253;

the

Fig. 26A is a plan view illustrating a sixth example of

configuration of the first optical layer in.the optical

film

according to the second embodiment of the present technology,

 and Fig. 26B is a secticnal view, taken along line XXVIB-

XXVIB, of the first optical layer illustrated in Fig. 26A;

Fig. 27A is a sectional view illustrating one example

of construction of an optical film according to a third

embodiment of the present technology, and Fig. 27B is a
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Fig. 29A is a sectional viewillustrating one exanple of construction of
an optical filmaccording to a fifth enbodi nent of the present technol ogy,
and Fig. 29B is a sectional viewillustrating an exanple in which the
optical filmaccording to the fifth embodi nent of the present technol ogy
is affixed to an adherend; Fig. 30 is a sectional viewillustrating
one exanpl e of construction of an optical filmaccording to a sixth '
enbodi ment of the present technol ogy; Fig. 31 is a perspective view
illustrating one exanple of construction of a wi ndow blind (shade)
according to a seventh enbodi ment of the present technology; Fig. 32Ais a
sect i onalrspeew iivid wdtewatiligise fatisty ceeamplegprdfe cdnstanfcidugratofora sl at ,
and Fig. 322 is a sectional viewillustrating a second exanple of

const r udt izorfi@fstt hptslcatl; layer 1A ghe3¥/tisad ﬁé{lgfp@clqwlxn%wo
illustrating one exanple of construction of a rolling screen device

accor ditig ttdnianl eigodiremodifngnite ofrasisd tpriesdme lxdhinol ogy, and Fig. 338
is a sectional view, taken along line XXXI1IB-XXXI.I1B in FI% 33A,

i |l ustratingi6ne28Raipl @ 6ECEOABELUFLRPEN ofugtEardan: a Tirs

example of construction of an optical film according to a
fourth embodiment of the present technology, Fig. 28B is a
sectional view illustrating a second example of construction
of the optical film according to the fourth embodiment of
.the present technology, and Fig. 28C is a sectional view
illustrating a third example of construction of the optical
film according to the fourth embodiment of the present
technology;

| Fig. 29A is a sectional view illustrating one example
of construction of an optical film according to a fifth
embodiment of the present technology, and Fig. 29B is a
éectional view illustrating an example in which the optical
film according to the fifth embodiment of the present
technology is affixed to an adherend;

Fig. 30 is a sectional view illustrating one example of
constructioﬁ of an optical film accbrding tc a sixth
embodiment of the‘present:téchnology;

Fig. 31 is a perspective view illustrating one example
of construction of a window blind (shade) according to a
seventh embodiment of the present technology;

Fig. 32A is a sectional view illustrating a first

- 13 -



Fig. 34A'is a perspective view illustrating one exanple of construction of
a shoji (i.e., a paper-nmade and/or glass-fitted sliding door) according to
a ninth enbodi nent of the present technology, and Fig. 348 is a sectional
view illustrating one exanple of construction of the shoji; Fig. 35A
is a contour plot at z = 10 nm illustrating the calculation result of the
redness index with respect to a geonetrical filmthickness of the high
refractive index layer as the first layer and a geonetrical filmthickness
of the high refractive index layer as the third layer, and Fig. 35Bis a
contour plot at z = 10 nm illustrating the calculation result of the

bl ueness Jiadex W Lincesneet 40 the gaeret Lirealyify | mutghijckness of the high
refractive index layer as the first layer and the geonetrical film :

t hi. cknessicabnkhe yhiegh inelisackinved Rk dove bxasiphke dihidoh Jrayerti cand

Fig. 36A is acontour plot at z = 12 nm illustrating the cal cul ation
resul t -@f +hlesneedness index with respect to the geonetrical film

t hi ckness of the high refractive index |ayer as the first layer and the
geonetri cal Figl neehi cknesseobptheihighiref tattsveathdgxohayexkaaslthe third
| ayer, and Fig. 36B is a contour plot at z= 12 nm illustrating the

cal cul atfi eensesukt-ioh blieablrodndssy ismoeyemidev ites pecto ridd nichecgeonet ri cal
filmthickness of the high refractive index |layer as the first |ayer and

t he geerghtihcahbbidimenhi cknéds giraseathitglehneflogoti ved ndex [3dferisas t he
third | ayer. DETAILED DESCRI PTI ON OF EMBODI MENTS Enbodi ments of the
present technonedy vaekl bekgeosedidved Yelcow T ilfe XA NINN g drider with

reference to the draw ngs. .
33A, illustrating one example of construction of a screen;

Fig; 342 is a perspective view illustrating one example
of donstruction of a shoji {i.e., a paper-made and/or glass-
fitted sliding door) according to a ninth embodiment of the
present technology, and Fig. 34B is a sectional view
illusﬁrating one example of construction of the shoiji;

Fig. 35A is a contour plot at z = 10 nm, illustrating
the calculation result of the redness index with respect to
a geometrical film thickness of the high refractive index
layer as the first layer and a geometrical film thickness of
tﬁe-high refractive index layer as the third layer, and Fig.
35B is 2 contour plot at z = 10 nm, illustrating the |
calculation result of the blueness index with-respect to the
geometrical £ilm thickness of ﬁhe high refractive index
layer as. the first layer and the geometrical film thickness
of the high refractive index layer as the third layer; and

Fig. 36A is a contour plet at z = 12 nm, illustrating

‘the calculation result of the redness index with respect to
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1. First enbodiment (in which structures are arrayed in a one-di nensional

- pattern) 2. Second enbodi nent (in which structures are arrayed in a

t wo- di nensi onal pattern) 3. Third enbodi nent (in which a reflecting -

| ayer is disposed in the formof a |ouver) 4. Fourth enbodi ment (in
which an optical filmincludes a |light scatterer) 5. Fifth enbodi nent
(in which the reflecting | ayer is exposed) 6. Sixth enbodi ment (in which
an optical filmincludes a self-cleaning effect |ayer) 7. Seventh

enbodi nent (in which the optical filmis applied

the geometrical film thickness of the high refractive index
layer as the first layer and the geometricél-film thickness
of the high refractive index layer és the third layer, aﬁd
Fig. 36B is a contour plot at z = 12 nm, illustrating the
“calculation result of the blueness index with respect to the
gecmetrical film thickness of the high'refractive index
layer as the first layer and the gecmetrical film thickness

of the high refractive index layer as the third layer.

DETAILED DESCRIPTION OF EMBODIMENTS
Embodiments of the present technology will be described

below in.the foillowing order ﬁith reference to the drawings.

1. First embodiment (in which structufes are arrayed in a
cne-dimensional pattern) |

2. Second embodiment (in which structures are arrayed in a
two~dimensional pattern)

3. Third embodiment (in which a reflecting layer is
disposed in the form of a louver)
. 4. Fourth embodiment (in which an optical film includes a
light scatterer)

5. Fifth embodiment (in which the refiecting layer is
exposed)

6. Sixth embodiment (in which an optical film includes a
self-cleaning effeét layer) |

7. Seventh embodiment {in which the optical film is applied



to a wi ndow blind (shade)) 8. Eighth enbodi ment (in which the optica
filmis applied to a rolling screen device) 9. Ninth enbodinment (in
which the optical filmis applied to a fitting) <1. First Enbodi nent>

- [ Construction of Optical Filnj Fig. |Ais a sectional view
illustrating one exanple of construction of an optical film21 according to
a first enbodi nent of the present technology, and Fig. 1B is a sectional
view illustrating an exanple in which the optical filmaccording to the
first enbodi ment of the present technology is affixed to an adherend
(affixing target). The optical film1, as one .formof an optical body, is
an optlcal fi.l. m havyi IIed directional reflective property. As
|IIustr§)tedWln W %lf%d t.t%élop'ﬁlcal film1 includes an optical Iaye¥ 2

havi ng an in %%%a fanued therein if acongaue: %9%%9&1 fT@é a
2. The

reflecting | or me at fhe i nterface in tf |ca _
optlcakolgyg%l%l ngEQ%%n w&%% optical |ayer 4 haV|ng a flrst surface in
a concave-convex shape, a second optical |layer 5 having a second

surface g Nya@n¢PNCAVRCARY.EX %al%lcﬁhe;ﬂéﬂc@ftf@%ﬁ_ im hhe Ooptdaled ayer 2 is
formed by the first

to a fitting)
<1l. first Embodimerit>
[Construction of Optical Film]

Fig. 1A is a sectional view illustrating one example of
censtruction of an optical film 1 according to a first
embodiment of the present technology, and Fig. 1B is a
secticnal view illustrating an example in which the optical
film accofding to the first embodiment of the present
technelogy is affixed to an adherend (affixing target). The
optical film 1, as one form of an optical body, 1is an
optical film having the so-called directional reflective:
property. As illustrated in Fig. 1A, the optical film 1
includes an optical layer 2 having an interface formed
therein in a concave-convex shape, and a reflecting layer 3
formed at the interface in the optical layer 2. The optical
layer 2 inclﬁdes a first optical layer 4 having a first
surface in a concave-convex shape,'and a seccond optical
layer 5 having a second surface in a concave-convex- shape.
The interface in the optical layer 2 is formed by the firét
concave-convex surface and the second concave-convex surface,

which are arranged to face each cother. Stated another way,
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concave-convex surface and the second concave-convex surface, which are
arranged to face each other. Stated another way, the optical filml
includes the first optical |ayer 4 having a concave-convex surface, the
reflecting layer 3 fornmed on the concave-convex surface of the first
optical layer 4, and the second optical layer 5 fornmed on the reflecting

| ayer 3 so as to enbed the concave-convex surface on which the reflecting
layer 3 is formed. The optical film 1 has an incident surface S1 on which
l'ight, such as the sunlight, is incident, and an enmergent surface S2 from
which part of the light incident on the incident ,surface S1 energes, the
part hanengppasséd fiilkmoldgh nciedest itbal fiirsm pptike logeiveal 4 Pemind s
suitably applied to inner wall nenbers, outer wall nenbers, w ndow

nenber s, owalck veatenvaks suafdcse ¢he Feltlseitinghd agsei Salf oRFIem 1 s
suitably applied to a slat (one.exanple of a solar shading nenber) of a

wi ndowthiei sS@nceNgdePrand &usdeeen ofanbendrl texampité C6f- tHRy=%ol%ar 28Radi ng
menber) of a rolling screen device. Mreover, the gptical film1l.s

Sui t abloiCe FHICEVEd ORS 157 LopEiveal ShddyMERactT $hei S5E<EE iR 9a Havatht iPng
portion of a fittin%.%i.e., an interior nenher or an_ ex er%pr menber),
such a$%aa$hdpi efPee. the e Raderdnd SPIdPass of e sI5di ng door) . _
The optical film1 may further include.,a first hase-4a, en _necessary, on
The onBroare tarr 208 of 3 ROBREcar™ St a1 Tdtogt T8 5 i m 1 oy

e e R ST S SO RE N oy Ph s 2o
incident, and an emergent surface 52 from which part of the
light incident on the incident surface S1 emerges, the part
having passea~th£ough the optical £ilm 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 shading member)n

“of a rolling screen device. Morecver, the optical film 1 1is
suitably employed as an optical body that is disposed in a
lighting portion of a fitting (i.e., an interior member cr
an exterior membef), such as a shoji (i.e., a paper-made
and/or glass~fitted sliding door).

The optical film 1 may further include a first base 4a,
when necessary, on £he emergent surface S2Z2 of the optical

"layer 2. The optical film 1 may further include a second

base 5a, when necessary, on the incident surface S1 of the

optical layer 2. When the optical film 1 includes the first
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base 4a and/or the second base 5a, optical characteristics described
| ater, such as transparency and color of the transmtted light, are
preferably satisfied in a state where the optical film1 includes the
first base 4a and/or the second base b5a. The optical film1l may
further include an affixing | ayer 6, when necessary. The affixing |ayer 6
is formed on one of the incident surface S1 and the energent surface S2 of
the optical film1l, whichis to be affixed to a wi ndow nenber 10. Thus,
the optical film1l is affixed to the indoor or outdoor side of the w ndow
menber plQe i24€ and/Re adReserénavialRd e, albidoxicad! ayerr £ tartierpesed
t herebetween. The affixing [ayer 6 can be formed, for exanple, as a
bondi ngid=ayabeeonthaicni, Nguanberd ttengpa randy- cukeddlesi ok two-|iquid
m xed resin) as a main conponent, or as an adhesive |ayer containing an
adhesi tesend.tted PIARL( Press pire fSenadilly vatAdidsidvd)) aastatmivhea@mponent .
When the affixing layer 6 is the adhesive |ayer, a peel-off layer 7 is
pr ef er abley ofpuritaér ffidrmmad iom ke saftthiexifig sitayers 6 .4 &aT lirs! /enalidhes t he
optical film1l to be easily affixed, just by peeling off the peel-off
| ayer #Fedood hesadlyer.end, e.g., the wi ndow nenber 10, with the affixing
| 'ayer 6 interposed therebetween. From t he vi ewpoi nt of increasing
adhesi on befTheenrtheasetdhn basaysauahbesnénstugst AnoRItR&1887 I xi ng | ayer
6 and the second optical layer 5, the optical filml may further include
a primgeviedyér Fher SRERSFaBet-wedhct Ké fdeEdond I8asE $a idnd BHEDC™ot h of
the affixing |layer 6 and the second optical layer 5. Also, from.the
Vi ewpoiohe ithEr éRSIAGRAJIFESITEF a1t RESARE FHCTEOH ST HACS $%referabl e
to carry out ordinary physical r.eat ment ég%pead of or iﬂcfddition to

I

oo R et ol e et dhim S0 Pl s,
fﬁ?ihegﬁﬁﬁﬁFUé@‘a g&PFVth@af@Flfﬁ&t%gﬁghhji&nagﬁgj%¥fﬁﬁ%q?ﬁ%ident sur?ace-

S1 and.the enmergent surface 52,. which.one ] f ta the erend,
o g ROt SRS 100 Detodn i TRt iuca S (hE

at one surfdce ‘and the reflecting

| ayer %-dh\é'r;e%dt h%i%e%@@% fitx}gl@l% Bar el li%%ﬁ%;rgrois%df %kfé%%%je@weeetno reduce

di ffusion of nodi sture towar e retlecting romthe incident

sur f ﬁC%h%i a%rfi&t{ﬁgeggg@%n% suif ace r2-@Rd o SUpREESS deferd oration of a

nmetal, etc. contain in the reflecting 'ayer 3. Accordingly, durability

of the EpHieR! 1hiem LoedR k8 rigRr evedt (e.g.,The wRtdgalg fiddnnl dray further
i nclude a hard coat layer 8 fromthe viewpoint of giving the surface of

the optdealliffulit hivebh reesinst aRce againsomeemigt ian,ass@mt ching, etc.
The hard coat |layer 8 is preferably formed on one of the incident surface
Si and aidhe serer geRrsubhaeanSacofart keiheptiveal (f.id.m &b pa# cfPronssurs
positioned on the

" Sensitive Adhesive}) as a main component. When the affixing

layer 6 is the adhesive layer, a peel-coff layer 7 is

preferably further formed on the affixing layer 6. This

enables the 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 affixing layer 6 interposed

therebetween.

From the viewpoint of increaéing adhesion between the

second base 5a and one or both of the affixing layer © and
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opposite side to the surface affixed to the adherend, e.g., the w ndow
menber 10. A water-repellent or hydrophilic |ayer may be further forned on
the incident surface S1 of the optical film21 fromthe vi ewpoi nt of
providing an antifouling property, etc. The layer having such a function -
may be formed, for exanple, directly on the optical layer 2 or on one of
various. functional |ayers such as the hard coat |ayer 8. The opti cal
film1l preferably has flexibility fromthe viewpoint of enabling the
optical film1l to be easily affixed to the adherend, e.g., the w ndow
menber 10. Herein, the term"film is to be construed as including a
sheet . the elhehdveidscalihe 2Rid Gal thd mpkiicaal Was an rept ifaltisheet as

wel | . The optical film1l preferably has transparency. The

t r anspameneyiepeierakly 16aldrs (wdthighoar)atertwadesc ritee daange efse

transm ssion image clarity. The difference in refractive index between the
first aptiacal ohayer #oahdotthehseedifd xdpty dalydrayerarsl itherefaenrably 0. 010
or less, nore preferably 0.008 or |ess, and even nore preferably 0.005 or

| ess. kpttiheldiltfrerence A soef facth wde ndewpexadgeds Qr3IEasw T ansni ssi on
imge tends to blur in appearance. Wien the difference in refractive index
i s nor @dhlsani of. @08 thrd spoe rhoce ttilsan <0.,010¢, itshé@re fmraitde grooslad®y in daily
life though dependi ng on outdoor brightness. Wien the difference in

r ef r actofe OrAdER Iivys PRYEE CBHa® G HOGE WEIRd th g S (HarP 10,1008 3% e But door
sight. can be clearly viewed although only a very bright object, such as a
li ght $Sufesmipgudbs RraMes) dasiady dilfFy 9o PalterdiCafen the
difference in refractive index is 0.Q05 or less, the diffraction pattern

i s har @OptaESsIensi Agcledssof St ie of | Snﬁbttirceé'ltn]@igeroﬁ “Pthe second
optical layer 5, which one is positioned on the side affixed to, e.g., the
mﬁndomﬁﬁ?ﬁ%@?n 0, may contain an adhesive as a main conponent. Wth such a

feature, Unggpliesl (1iME SapabeiLLineshos 80y v uinda enber 10

by direct a ca he “"sécond "opti ca

|ayer 8 that,gonhains the cadhes ue and i) coponent.q Lid hat case, the

~difference i'n refractive index w respect to esive is preferably
hel d '%HEQ%e%QO%%E%%%%r%Qedw%iQ%Pone is affixed to the adherend,

e.g., the window member 10, or between that one surface and
the reflecting layer 3. With the presence of the barrier
layer, it is possible to reduce diffusion of moisture toward
the reflecting layer 3 from the incident surface S1 or the
emergent surface 52 and to suppress deterioration of a metal,
etc. contained in the reflecting layer 3. Accordingly,
durability of the optical film 1 can be improved.

The optical film 1 may further include a hard coat
layer 8 from the viewpoint of giving the surface of the
opticalrfilm 1 with resistance against excoriation,
scratching, etc. The hard coat layer 8 is preferably formed
on one of the incident surface S1 and the emergent surface

82 of the optical film 1, which one is positioned on the
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The first optical layer 4 and the second optical |ayer 5 preferably have
the sanme optical characteristics; such as the refractive index. Mre
specifically, the first optical |layer 4 and the second optical layer 5 are
preferably made of the sane material, e.g., the sane resin materi al

havi ng transparency in the visible range. By using the same material to
formthe first optical |layer 4 and the second optical |ayer 5, the
refractive i ndexes of both the optical |ayers are equal to each other, and
hence transparency to visible |ight can be inproved. However, care is to
be paid to such a point that, even when the starting material is the
sane, bLbeokefkkactijee tbndaxes el aldanalrey for red thay erser@ynadi &f.er. ,from each
ot her depending on, e.g.,. curing conditions in a filmform ng process. On
the ot hee handowwhenpkhe 1Di.r st epttccalrdoayarent ard hivhe cpedarid opti cal

| ayer 5 are made of different materials, a transm ssion inmage tends to

bl ur foeybhemagasen fulahelri gatrmesl ef raet ddcatierhe suefiaeet isig dfayer 3,

whi ch provides a boundary, due to the difference in refractive index

bet weenhehepaptiadalf illayér € rémanthes vilewpgedmti odl arovtilkiemg iesy a t endency

t hat when observi ng an object anal ogous to a point |light source, such as a -
| anp aknaifanldingt amoperaydi klicact iThve Patvear maive ngowsysiic dodsingtaleser ved.
Note that, in order.to adjust a value of the refractive index, an additive
may bemaiyxbe iformed, f frst copmpdal, Iddy@ctd vamdy dhet w@tdeednd 2ot cal | ayer
5. The first optical layer 4 and the second optical |ayer 5 preferably
have t panspararcyfi Harheusi SUBICE loarde 1opErS FUhé st é%r% herghspatency” is
defined as having two nmeanings, i.e., as not absorbing |light and not

scat t eFPH§ZI Pght. When the term "transparency” is generally used, it often
inplies the fornmer meaning al one. fillm1l ﬁg%ording to

the first efB®dPRehE2pref a%l9rﬁ£§9$ﬁi§:Pa%ggéggﬁégﬁkﬁybéFﬁmt nmeani ngs.
AL STLhpeSTR oyed Lebngrefh eotgr sl nianied .o, sualiy, confrm i gh
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
weli. 7
| The optical film I preferably has transparéncy. The
transparency preferably falls within a later-described iange
of transmission image clarity. The difference in refractive
index between the first optical layer 4 and the second
optical layer 5 is preferably 0.010 or less, more preferably
0.008 or less, and even more preferably 0.005 or less. If
the difference in refractive index exceeds 0.010, a
transmission image tends to blur in appearance. When the
difference in refractive index is more than 0.008 and not
more than 0.010, there are no problems in daily life though

depending on outdoor brightness. When the difference in
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to provide a noticeable indication. Therefore, even when the
retroreflector has a scattering property, light reflected froman
underlying reflector can be visually observed if the retroreflector is in
close contact with the underlying reflector. Such a phenonenon is based on
the sane principle as that an i mage can be visually confirnmed even when
antiglare treatnent providing a scattering property is applied to a front
surface of an image display for the purpose of inparting an antiglare
property. In contrast, the optical film1l according to the first

embod yentprafer ably does ot $GaLL of dd:aNind ord ie, Leasan, hajd he

opti cal fim T I's Teat ured I transmtting T'ight othér than the
directignal | y ref | i_ght__.of ifi.G I at, t

v ect ekt el Sl Lol shoaly Lo drvelengidien aad )t hatvle

Pri MBr iyt gl LEARSE ST WaVE! engis oddius: aldowdng o e dhansnidd ed 11 ght
to be observed. "Dependi ng on usage, however, the second optical layer 5

may be d:imrenti-aral RV deginent  HheyiSGiteidand roepeidtive  The
optical film1 is preferably used in such a way that it is affixed to a

rigid nepRer ise.0d.005 ke WeRdQwmengrf £:Q.ctMiire btass rrl dRSM=8i1vi ty
primarily to the light having passed through the optical filmand falling
i n bandg setkersinan he syeehk ¢iwavelgngidss, Miwdy, 4e.aqd tar adhesive

i nterposed therebetween. Exanples of the wi ndow nenber 10 i nclude

ar chi t eetcwnal opitndew nemweer $,f edhikinglere sies uididiingsd kougihrgs,idet c. and
w ndow nenbers for vehicles. Wen the optical filml is applied to the

ar chi t ectfuxald wiondewgnenttéres windows memafear alfl,y meppldoeedatio tehe wi ndow
menber 10 that is oriented to face in sone direction within a range, in
parti cakaesifveomseastatio somplenand .f uitildr sushwestfe@duge, wilkhin a range
from sout heast to southwest). This is because, by applying the optical
filmilopdiche Widdow weib&e BELsmeehtsd & %ntﬁb@néﬁré%é‘v&e% Ilays can
be nore effectively reflected. The optical film1 can be applied to not
only ab¥i fgrectapéramigon Gifagde Bitrsh &Pt Shediddeyltasy, Wfch as a
nultilayerD%Lass. Further, the wi ndow nenber 10 is not linmted to a

gl ass- FEFEf b Cadnd 3Ye Tmay t@é‘ta Cr?é‘rﬁ?é"rnsr'rﬁd? G HiYh 35018 MEr T
et erl 2L I8 grspaenoy The P GAl L & ety et
2ver ARSI enoL g0 e e heh Shs.apt eal
!sﬁn?! g%p%gg%%ﬁ%%gzgﬁ&ggg%ﬁtéhgp??f:lafa:‘i rlml r1n rlragngel IangPlt ngg ;Mot Eot hgnl y an
Inner surfagg.ob; a;0l 335; pane; sput al §aqaRnAULELoSH baesckhengoty

5 preferably have the same optical characteristiés; such as

the refraétive index. More specifically, the firsf dptical

layer 4 and the second optical layer 5 are preferably made

of the same material, e.g., the same resin material, having

transparency in the visible range. By using the sams

material to form the first cptical layer 4 and the secoﬁd

optical layer 5, the refractive indexes of both the optical

layers are equal to each other,: and hence transparency to

visible light can ke improved. However, care is to be paid
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Further, the opticél film1l can be used in conbination with an additi onal

heat-ray cutoff film For exanple, a |ight absorption coating nay be
di sposed at the interface between air and the optical film1 (i.e., on the
outernost surface of the optical film1l). Still further, the optical film

1 can be used in conbination with a hard coat |ayer, an ultraviolet cutoff
| ayer, a surface anti-reflection |ayer, etc. Wien one or nore of those
functional layers are used in a conbi ned manner, the functional |ayer(s)
is preferably disposed at the interface between the optical film21l and

air. wever, the ultr %;{%%Iretev%%t %fh;%n]l %36 rJ %&Istqn%emgt%gq@qd 1Qn i 4he side

cl oser Ooistl‘llsfgl gyﬁotlﬁécn e ‘optical articularly when the
opticalg film1 s 4fixedtqan janel %H&%??A o L2Q WiRdow gl.gss on the

side facing the interior of a room the u viol et cutoff layér is

desi r a%ﬂifﬁf%irf P9340 ckneeh dh el dace of. ! henviddowrghiaserand the

opti cal at case, an ultraviolet absorber ray be m xed in an

af fi xing lLayen betwesn f hedoner. swif age oftHdie naimgowrghagsicand t he
optical film1. Dependi ng on the usage of the optical film1, the

opt i calgifdgemelh thRw 1be 26RI0re i dhay & e otics Wpdiaat ti=aeid e sdesi gn. \Wen
the visually attractive design is given to the optical film1, it is
pref er ablee Uratigtf dreast mene rdfaitd)e o ivrsinsoftdsdaln liayere 4eantd the second
optical layer 5 absorbs primarily light in a particular wavel ength band
wi t hi ndihe icsi hihe rengert ahsuch iamtextsente fasatetd reedudieng transpar ency.

reflecting layer 3, which provides a boundary, due to the

difference in refractive index between the optical layers 4

and 5. In particular, there is a tendency that when

obsérving an cbject analcgous tora point light Sourée, such

as a lamp at a far distance, a di ffraction pattern is

conspicucusly observed. Note that, in Qrder to adjust a

value of the refractive index, an additive may be mixed in

the first optical layer 4 and/or the second optical layer 5.

The first optical layer 4 and the second optical layer

5 preferably have transparency in the visible range. Herein,

the term "transpafency" is defined as having two meanings,

i.e., as noﬁ absorbing light and not scattering light. When

thé term "transparency" is generally used, it often implies

the former meaning alone. Howevér, the optical film 1

according to the first embodiment preferably has the

transparency in both the meanings. A currently employed

retroreflector is intended to visually confirm light

reflected from road signs, clothes for night workers, etc.
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Fig. 2 is a perspective viewillustrating the relationship between
incident light that is incident on the optical film1l and reflected |ight
that is reflected by the optical film1. The optical film1l has the

i ncident surface 51 on which light L is incident. It is preferable that,

of the light L entering the incident surface Si at an incident angle (O,
0), the optical film1 selectively directionally reflects light L1 in a
~specific wavel ength band in a direction other than a specul ar reflection
direction (-0, + 1800) while transmtting light L2 other than the specific
wavel engt h band therethrough. Al so, the optical film21 has transparency to

the light other than th i t1 e wavel enat o
ct or 361 FOPATFS i ORETCERE Fat BL0B50r Bod A0S °6r t FIRETTLsron |

pref er Bed "range "of "t ransm ssion i mage
larit Her ei i le f i cyl i 12 with
CL o Ll o8 520, 008 LRLURA oy a ppgead cuhgpel i ne 12

refleCE%%lgi%EB Ll o ALgo Eﬁe@nyﬁﬂgl§e%@%%%@rb%a %%99ﬁgh%lh&n?ar line 12
| 8 §| ané a (0]

in the inmcident Surtace nponent resulting from projecting the

I nci deng, ), gy &prthteh%_rt%fo'r%%tl_%@tyrg@e L1 9 dhe dopeident isur iaee SI. The
specific I'inear Tine 12 in the incident surface Si inplies an axis in

whi ch thehefkagt e 1L0EERSI t Bulch BBYhENZR@NcA tike pdiskectinorhe when the
optical film1l i's rotated about an axis provided by the perpendicular line

12 wi t hahspeshci@ithesi Reidenh suhbaceas vef vilk@a0pli canffirmadl while the
incident angle (0, 0) is held fixed (see Figs. 3A to 30 and Figs. 4A and
4B) . even when antiglare treatment providing a scattering

property is applied to a front surface of an image display

‘for the purﬁose 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

other than.the directionally reflected light of specific

wavelengths, and that the optical film 1 is affixed to'a

t?ansmissive member transmitting light primarily at

transmission wavelengths, thus allowing the transmitted

light to be observed. Depending on usage, however, the

second optical layér 5 may be intentionally provided with

the scattering preperty.

The optical film 1 is preferably used iﬁ 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
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Wien there are plural axes (directions) in which the reflection intensity
is maxi m zed, one of those axes is selected as the linear |ine 12.

Further, an angle O rotated clockwi se fromthe perpendicular line 11 as a
reference is defined as "+0", and an angle O rotated countercl ockw se from
the perpendicular line 11 is defined as "-0". An angle S rotated cl ockw se
fromthe linear line 12 as a reference is defined as "-PS", and an angle S
rotated counterclockwi se fromthe linear line 12 is defined as "-S".

The light in the specific wavel ength band, which is to be selectively
directionally reflected, and the |light other than the specific wavel ength
band t q rhe JHeansHntited tane 1seliidy efamdys dependi - pnsé heuusagagef the
optical film1. For exanple, when the optical film1l is applied to the

wi ndowreEh el s10 etbheahiighti nidewt henspeel fice wavdlcargt.h biaves, tM ch is to
be selectively directionally reflected, is preferably near infrared |ight
and t hertriapgmtitedll ightpethed thanhiche repddicfdtanady eliength band is
preferably visible light. In nore detail, the light in the specific

wavel eagiivelrand i twhiscbresetrabhe selpddieidv eloy tdier edtnidonalrenbeef [1éct ed, i s
preferably near infrared light primarily falling in a wavel ength band of
780 nmthet2 160 omienBydr &bl detiendnt semeeari verfrriamedr iltihghit @ aanaigper at ur e
rise inside a building can be suppressed when the optical film1lis

af fi xednt patité cuiladowimembersto touckhuad vRe ivFdewgltassiestadéddinngl y, a
cooling | oad can be reduced and energy saving can be achieved. Herein, the
expr essiighindir sehgenarry sertace st %m iSOS HHSS Y)i-ghtT S Aéf | ected in a
particular direction other than the specular reflection djrection and the

i nt ensPEFagEey heYr 8PPeried Hhghertd cadf ffildfedt 15 &%N@é}d%ﬁ}?ﬂgﬂ% |
intensity of light diffusely reflected with no directionality. A-so, the
expr esSiloRTLREEELC £E WﬁBFFQ§th§%OWﬁe P@Fﬁeé?%ﬁbézﬁh&ﬁa§B§Eﬁfic_mavelength

oot or SHEFSAHES FOECCCANE - ovaN R S5t CUdRl ) GO 67 Mbta. Further, the
o A Eil LSS VB LR e AR E
mor e plgterably -RO%0L R %1304 CYARJIDN € IAHRIADI T QPO TOr €
member 10 is not limited to a glass-made member, and it may
be a member made of a high polymeric material having
transparency. The optical layer 2 preferably has
transparency in the visible range. Therreason is that, with
the optical layer 2 having transparency in the visible range,
when the optical film 1 is affixed to the window member 10,
e.g., the window glass, visible light is allowed tTo pass
through the optical film 1 and lighting with the sunlight
can be ensured. The optical film 1 may be affixed to not
only an inner surface of a glass pane, but also an outer
surface thereof.

Further, the optical film 1 can be used in combination

with an additional heat-ray cutoff film. For example, a
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A direction 00 in which the incident light is directionally reflected by
the optical filml is preferably in the range of -90 or nore to 900 or

| ess. On such a condition, when the optical film1l is affixed to the

wi ndow nmenber 10, it can return, of the light incom ng fromthe sky, the
light in the specific wavel ength band toward the sky. Wen there are no
hi gh-rise buildings in the surroundings, the optical film1 directionally
reflecting the incident light in the above-nentioned range is usefully
enpl oyed. Further, the direction of the directional reflection is

preferahl y .n.t i:ClnNi f = T §gngqﬁ§iﬁy% Sl el Lyt o inplies
t hat aige%}ea%bo%%ﬁp\#l? he Cté%é rtgcrﬁ( 21}1513/0]93 et hdel I recjti ona relfr?/ﬂeéé%flgo%]é/i S

prefer %@tx.re\@r{ niin: %hrféﬁ%%e%pﬂrpéael preferably s thin 3 degrgesnoand even
nore preferably within 2 degrees with respect to (0, -4). The reason is

that, by seldd ng the digectdoneofy tihe digwecti onaleref | eqtd UpacLescri bed

above, when the optical film1l is affixed to the wi ndow menber 10, it can

ef fici entily 1r ety be @fsedad b imeommMgyfurom the-skioabove,dni | gi ngs
standi ng side by side at substantially the sane height, the light in the

speci f iva twamealargt lard tloward theswskiaaboate t-hee fotdweri diladiargs. I n
order to realize such directional reflection, it is preferable, for

exanpl etd.o ey thr eerd nensitoresd Sirratctanrael thatens o mexkdy usi ng
not only a part- - of a spherical surface or a hyperbolic surface, but also a
tri angulrara pyomémineid anaguedr,angud arumpyriamad, loryer Gi)r cid grrefomsbIfhe |i ght
incomng in the direction (0, S) (-90 < 4 < 900) can be reflected in a

di r ect idasp(B@®d Sd) WG <4 r0exf 00 edve9d khSoort903li Alatcdr dadceiwi-th t he
shape of the three-di nmensional structure. As an alternative, the

. t hr ee- diov@vsiranahes trlforrie iy devalf pivaarig itke hapesroa@®hdithg i n one
direction. In that case, the light incomng in the direction (0, S) (-90 <
4 < 90)heapise [dlasedt &@ ithea T édtdorrRoePLisHL (e 0b < BWS+in
accordance with a slope angle of, the pillar-like jggﬁgﬁ:The Liqphrin t he

Specifﬁ@qﬁ%ﬁﬂ¥%ﬁ$ﬂjmgﬁaj§h§lﬂﬂﬁ%géﬂﬂ Im 1 is af © an inhe

surface of the window glass on the side facing the interior
of a room, the ultraviolet cutoff layer is desirably |
disposed between_the inner surface of the wiﬁdow glass and
the o?tical 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, it is preferable that at least one of the
first optical layer 4 and the second optical layer 5 absorbs
primarily light in a particular wavelength band within the
visible range to such an extent as not reducing transparency.

Fig. 2 is a perspective view illiustrating the
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directionally reflected by the optical film1 in a direction in the
vicinity of the direction of retroreflection. In other words, with respect
to the light incident on the incident surface Si at the incident angle (0,
4), the direction of the reflection of the light in the specific

wavel ength band is preferably in the vicinity of (0, 4). The reason is
that when the optical film1 is affixed to the wi ndow nenber 10, it can
return, of the light incomng fromthe sky, the light in the specific
wavel engt h band toward the sky. Herein, the expression "vicinity" inplies
that a deviation in the direction of the directional reflection is

pr ef er &bily biichisha p5 bgsgeeas ingepensr diahiblbpan tsi Ansidegite s tA8d even
nore preferably within 2 degrees. By setting the direction of the

di r ect PefraICaLefidst loADEs r@%sl@ﬁitﬁ@d d9&Fe Fhfrert St K& fopGrea i ItheL i s

affi xed to the wi_ndow nenber 10, it can efficiently return, of the |ight

i ncom RETEFGH tRAeMsky, thE PP&HFaﬁnfﬁﬁg‘gp Sf%@ewé6§?éﬁ§FhSH§'&CFbmard
the sky. In the case of, _e.qg., an jnfrar sensor_.or infrared i mge
pickup%&eQchﬁ%ﬁérzlgﬁtiHfFgré8cﬁﬁﬁﬁﬁ'en&%tFﬁggﬁ%ﬁéﬁga}eatmfHtOFLceiving
unit are arranged adj acent each,.ot her, t i rgctjon _of. ratyoreflection
isto 6565&%9§|ign88kﬁfﬁﬁgt%§ei&EF %ﬁp%dﬁnggfgns%Hgﬁeggr}nﬁﬁé%ggensing in
a speci fic dirnection,j : farmpd- as . - i 1t he present
technoﬁgg N ﬁ é %#fe%%?oﬁg%%gggt?%ggfHe%??%ﬁ£gﬁaﬁ?Eggkgg?égﬂgﬁé&rection
may be £ xact | L .t e : val ue of the
transnﬁ%?ﬁggQ%nggghgl%%j%% ?négﬁggagge 3ﬁ§?§n§§§dbﬁﬂgréntﬁé optical film1
has transTi-eSiol b hes Rhehe %a%péoiqaqr Heaf19R% 1 JIDIA Hacefigyablyp, 6@ or

| ar ger, an& even nore preferably 75 or |arger when an optical conb with a
conb widtloofy QnS18Mh&nusedtihly tihentahyecehet-henthanssi speenrigage
clarity is smaller than 50, a transm ssion inmage tends to blur in

appear gace1 Waen thedvahee «eh rithet.r ansicssicor: igmgeal ariily 1 a0t

smal | er than 50 and smaller than 60, there are no problens in daily life

t hough tdependireg con teutteor. ikyhitghtuness .t NAle - Hehespealilfe cofwatved crrggis mi ssi on
image clarity is not smaller than 60 and smaller than 75, the outdoor

si ght @amdhe aheartlrpneipewedcal phedghradgdly faier wilihightthebjledgtsr-such as a
| i ght source, causes a displeasing diffraction pattern. Wen the val ue of
t he tr drsmirsdieon remgge of] &manpriissicn smwaldeectdrdi vi.5, Hentiiff,r & tison
pattern is hardly displeasing. Further, a total of values of the

t r ansmiess icow Liemfgemeldabivt ¢ meap@ned Asliarg 1o dal WeshbEeRPERTcERb wi dt hs
of 0.125 nmm 0.5 mm 1.0 mmand 2.0 mmis preferably 230 or |arger, nore
pr ef er &bley 127 dent| sugdaceard &peh thsr & srickartaiiptdsd & 1HiEger. 1f the
total value of the transm ssion inmage clariti i% smal | er than 23g, a

t r ansnit§dilestiefnde Wénds- t oPbFGr PnlBppRafBfict. TORBRItRE £0FBFCVAFGe of

h ransm ion i | ari i n Il er than 2 n Il er than
;78 ttﬁé%gngg%ﬁglq?gfnctgelRXcgaen%Fsag¥acg SE gnd goc%mgo%g%t er tha

resulting from projecting the incident: light L or"the
reflected light IL; to the incident surface S1. The specific
linear line 1, in the incident surface S1 implies an axis in
which the reflection intensity is maximizeﬁ in the direction
¢ when the optical film 1 is rotated about an axis provided
by the perpendicular line 1, with respect to the incident
surface S1 -of the optical film 1 while the incident angle (8,

¢) is held fixed {see Figs. 3A to 3C and Figs. 4A and 4B}.
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problens in daily |ife though dependi ng on outdoor brightness. Wen the
total value of the transnission inmage clarity is not smaller than 270 and
smal | er than 350, the outdoor sight can be clearly viewed although only a
very bright object, such as a |ight source, causes a displ easing
diffraction pattern. Wen the total value of the transm ssion inmge
clarity is not smaller than 350, the diffraction pattern is hardly

di spl easing. Herein, the value of the transm ssion image clarity is
measured in conformty with JI'S K7105 by using |CM 1T nmade by Suga Test

| nst r upeRks there L@ pMier 1t haswaveliergitl dng )be nf navishi thed differs from
that of the D65 |ight source, the neasurenent is preferably perforned

af ter calfiillbratican insicng ia f iilst eaxiadizeg,t heananelténgteh axesbe st ransmi tt ed.
Haze occurred in the wavel ength band where the optical film1 has '

t r ansmisgdieviteyd ias phef éraklay 6%rer l.essfumbherpr efhiepnbly @%oratess, and
even nore preferably 2%or less. If the haze exceeds 6% the transmtted

| i ght icdosdatitser édcandha wicewerslioghdeur dd.neHdnein, at hefhagecesifmeasured in
accordance with the nmeasurenent nethod stipulated in JI'S K7136 by using
HW+ 150 deddecisly apurai0dni a0dl en Regdar hroabsedt epypntsrclpedvighen t he

wavel ength to be transmitted differs fromthat of the D65 |ight source,
the medsureidist bespsrefieudmty ldae dnmed defenceaPpbrafi on BRI AQIESTi | ter
havi ng the wavel ength to be transm tted. The incident surface Si,

pr ef er §bIFPLBGER CRECKHEPEBeAL CBulf&cd 1582%dnd e lanBf gBnf S EBFFRER &3, of
the optical film1 have snoothness at such a level as not degrading the

t r ansnio§ditgRd fEge "8 ar AR 2bFEY ﬁe@iFPEEFFQ,c&PPFﬁﬁEEPEKWégﬁ roughness
Ra of the incident surface Si and the enmergept surface S2 is preferably
0.08 mh&F [& ilﬁﬁﬁé &FQ@eiﬁbF? Gggénﬁ§$88 | e8s; and even nore preferably
0.04 mmor |ess.. e.th the arithnmetic-nean,r A\ness : L tai ned as
a roughnesskﬁgréﬁg?érlBy%hgaga?FﬁglghgagﬁgFggghr%ég hegglgﬁ #%eepncident
(ener ggnl ) Suiface @and Geri Mg 1 f QUONNESS £ Urey T oM @ dito-fiyiensi onal
profil & cdrve. asdrenent” condi'tirons are set in conformty wth JIS
30601: 2001, (iRt Al i9f; A RASWIAG, RRA AldIHANG: G MRARULSB Mot
conditions are a fé]loms; measuri ng apparatus: full-automated fine shape

measur if)g Amching FIFEEERER BHQQA (dmde by ﬂ%@a&gﬁﬂ@qorﬁtl@m.u d.), Xc -
0.8 mm evaluation length: 4 nm cutoff: x5, and data sanpling interval:

0.5 mMpey example, when the optical film 1 is applied to the -
window member 10,.£he light in the specific waveléngth band,
which is to be selectively directicnally reflected, is
preferably near infrared light and the transmitted light
other than the specific wavelength band is preferably
visible light. In more detail, the light in the specific
wavelength band, which is to be selectively directionally
reflected, is preferably near infrared light primarily
falling in'a wavelength band ¢f 780 nm to 2100 am. 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 member 10 such as the window glass.
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- The light transmtted through the optical film1l is preferably as cl ose as
possible to neutral in color. Even when the transmtted light is colored,
the color preferably has a pale tone in blue, blue-green, or green, for
exanpl e, which provides a cool feeling. Fromthe vi ewpoint of obtaining
such a color tone, it is desired that chromaticity coordi nates Cx and Cy
of the reflected light and the transmtted |light, output fromthe ,
energent surface S2 after entering the incident surface Si and passing
through the optical layer 2 and the reflecting |ayer 3, satisfy respective
ranges of preferably 0.20 < Cx < 0.35 and 0.20 < Cy < 0.40, nore

pr ef er abl .25.< & <.0.32 and_0.25 < <.0. 37, d re.preferably
b S0 <2023 Tang 50381090y 02% 38 Piahan e Crall e EhE i e % B Guct od
for irradiatl i th [ r far s ~E4rther, fromthe
viewpofﬁ %F §§Q#§k%g'th§eg%?8f ?g%eggﬁgﬁggéggniﬁé%%gﬁgpgﬁ?l?t is desired
that t ramat L chty .coordi : ' ti:sf I -onshi p of
prefer§%F§g8§ >E%§l§%8.ggagng§§§?eg%rg%gggﬁF§@C§%>ﬁcgg%Fﬁ%g%%ftion, change
in col gn tone of okhe,r ehhgcted Lkigbt.1deperdingaBnt be riedeiidentnangl e is
undesi red because, when the optical filmis applied to, e.g., building

W ndows ot harepkat vt grethe difflererty depemrdiing soFraciieemilng pl ace and an
appearing col or is changed upon wal ki ng. From the vi ewpoi nt of suppressing
t he abeveongeli enged €hangesensithe cgollaghtong raluskny refllected |ight, the
i ght preferably enters the incident surface Si or the energent surface S2
at thewiingi dentiiaeghe odadfity.or Alacgethand x4 cars ioml"rerflcand each of an
absol ute val ue of difference between chromaticity coordinates Cx and an
absol utiepuakse tabtdichkererfde chetween nc lr epacildity veverddingdate »a0¢ ,of t he

| ight specularly reflected by the optical film1 is preferably 0.05 or

smal | ee,. gnpr enprékenablry 10f@3red gwaldkeer 1 sapdededablyosd spoaf &cdisl:y 0. 01
or smaller at each of both the principal surfaces of the optical film1.
The aboweedesefieledlli FltariroReren AMFeSVERl ModngPs sfegabtdivng Mther
chromaticity coordinates Cx and Cy of the reflected |ight are desirably
sati sf Pedef.or Thgthethe thRcEFPRESSHONacE YSL SR "t REPIsEy e ts(face S2°

transﬁittande in a specific wavelength band, e.g., in the
visible range, is preferably 30% or more, more preferably
50% or moré, and even more preferably 70% or more.

A direction $, in which the incident light is
-directionaliy reflected by the optical film 1 is preferably
in the range of -90° or more to 90° or less. ©On such a
condition, when the optical film 1 is affixed to the window
member 10, it can return, of the light incoming from the sky,
the light in the specific wavelength band toward the sky.
When there are no high-rise buildings in the surroundings,
the optical film 1 directiocnally reflecting the incident
light in the above-mentioned range is usefully employed.
Further, the directicn of the directional reflection is

preferably in the vicinity of (8, =¢). The expression
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The first -optical layer 4, the second optical |layer 5 and the reflecting
| ayer 3, which constitute the optical film21, will be described in nore
detail below. (First Optical Layer and Second Optical Layer) The
first optical |ayer 4 serves to, for exanple, support and protect the
reflecting layer 3. The first optical layer 4 is made of a layer
containing, e.g., aresin as a main conponent fromthe viewpoint of g|V|ng
t he opti cal film1 with flexibility. For exanple, one of two principal
surfaces of the first optical layer 4 is a snpboth surface and the other is
a concave- Cohvex surface (first surface). The reflecting layer 3 is forned

on the"co Gav& On%ﬁﬁg%grg%%% QfdeﬁaEhB%Fl%P%h abl&%%% d% of §hbThe

second optlcal Serves to ect the re Iectlng ayer

legbgfd'&ﬂqetc@%okl &S%e%%g%%n( qqn, %%eq_»%w?x pitbhace) b e, fwo%e opti cal

on whi Ch the e I'ecting layer rmed. The second opti cal

'ayer %fe%eq%%g Ot«lﬁP&ﬁygr d%%%@lsm Bgd @ven nd kPt faT B IRk teamponent
fromt V|emp0|nt of "'giving’the optical film1l wth flexibility. For

exanpl e, jeRe ek E«Y\L@hp&bBFbE%| tsurfpaces) of the secend opticgak,lsyer 5 is a
snoot h surface and the other is a concave-convex surface (second surface).

The coreavengorwexdsuetasernot rt heef diskecopbneal Hedyert4 candst he
concave-convex surface of the second optical |ayer 5 are reversed to each

ot her idasarébrdanbotenyakefeltdl optical filie dodecawd-fdorvexcsutfeace of the
first optical layer 4 is forned, for exanple, by a plurality of structures
4c arr ayedownmambee- dOpedsi onal efdticérmt lgndettivencondavdecdivet surface of
the second optical layer 5 is formed, for exanple, by a plurality of
structume&mSmgafmamedhensayon@odenbnsﬂdnamSp@ﬁ@@ﬂnn@sé€£E1@y’S&Neto 3C and
Figs. 4A and 43). Because the structures 4c of the first optical |ayer 4
and t hetstsubetanesaddyoththeagecbnd oot ddie [apdt Srdithieshofiifiicn t hat

t he concave-convex relation is reversed to each other, the follow ng
descrlW@W@demgtha@énﬁu§pwé§@u¢hﬁhék§tﬁ@@ﬁ@ré§e4éﬂﬁeﬂﬂﬂ§3%4%&g%mn|cal

| ayer 4.
4 In order to realize such directional reflection, it is

preferable; for'eXample, to émploy a three-dimensional
structure that is forﬁed by using noﬁ'only a part of a
spherical surface or a hyperbolic surface, but alsoc a
Triangular pyramid; a quadrangﬁlar pyramid, or a circular
cone. The light incoming in the direction (8, ¢) (-90° < ¢ <
90°) can be reflected in a direction (8, o) (0° < 8, < 90°
and -90° < ¢, < 90°) in accordance with the shape of the
three-dimensional structure. As an alternative, the three-
dimensional structure may have a pillar-like shape extending
in one direction. 1In that case, the light incoming in the
direction (@, ¢) (f90° < ¢ < 90°) can be reflected in a

. direction (8,, -¢,) (0° < 8, < 20°) in accordance with a slope
angle of the pillar-like shape.

The light in the specific~wavelength band is preferably
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In the optical film1, an array pitch P of the structures 4c is preferably
not smaller than 5 [1mand not larger than 5 nm nore preferably not
smaller than 5 Rmand snaller than 250 itm and even nore preferably not
smal l er than 20 Ismand not |arger than 200 jnn. If the array pitch P of
the structures 4c is smaller than 5 pin, part of the Ilight of the
transm ssi on wavel engths may be reflected in sone cases because it is
generally difficult to formthe structures 4c in the desired shape and to
sharpen a wavel ength sel ection characteristic of the reflecting | ayer 3.
The ocgyrrenge af the ghave e itied partial #ia] action has.adepdency of
generating diffraction and causi'ng eve i gher-order reflections to be

vi sual liy, &%%P%i&%%ai hys ARKING PRARYE M WG, tdnugh Jrhe aptical film
feel poorer in transparency. On the other hand, if the array pitch P of

the stiyellr 634G, eXG088dS 28R & NegRSSah iiBitdirekressHes increased
and flexibility is | ost when the shape of the structures 4c necessary for

the dirnecticenal shefdaeet isan Hits thrkamdirio cengiider @, i @n, thes causing a
difficulty in affixing the optical film1 to a rigid body, such as the

w ndowdneieher oh0 o FRFumiher s 1By tseit igTy thke larghay ipi tele RBpefcitfier structures
4c to be smaller than 250 Ism flexibility is increased to such an extent
t hat t haveptihcah biahm Iscatrefereasiy yi nmerhuef actained i mfa (6ol Wt.o-rol |
manner and batch production is not necessary. Wen the optical filml
accor diThg trezisbe eémbatiatremticof thke qutesent fidohiolicgy fifsi xashlticed teo
bui | di ng conponents such as wi ndows, a length of about several neters is
necessanydoer mehdeoptlilcalltf idam Tredndr,oldf tidver dlightr ddweriia® ifssavor e

sui tabl e than the batch production. By settin%_the array pitch P to be not

smal | etthehaky20 the ddghiotinl dhgesraedd iIZooepif lapaddudEand theweditl be furt her

i ncreased. The shape of the structures 4c formed on the surface of the
first &Pei &Y. ajleredn s thet eFPRaTed A 'oieinide” daplire hadctfures 4c
may be formed in plural shapes on the surface of the first optical |ayer

4. VhefePHetsOPudpultes 4 Tacd 8r md HtP Siirsdt ‘e d It e Surface of
Shapes SGF ERELSD Hoties oy e S7HT EITF TeHoarBa b Bn al tor nati ve,
e P P e LSS 5 T B O TR d andgn
setting the direction of the directional reflection as
described ébove, when the optical film 1 is affixed to the
window member 10, it can efficiently return, of the light
incoming from the sky, the light in the specific wavelength
band toward the sky. In the case of, e.g., an infrared
senscr or an infrared image pickup device where an infrared
light emitting unit and a light receiving uhit are arranged
adjacent to each other, the direction of retroreflection is
to be set aligned with the incident direction. However,
when sensing in a specific direction is not performed as in
the embodiments of the present techneclogy, the direction of

retroreflection and the incident direction may be set not so
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"Fi.gs. 3A to 3C are perspective views illustrating exanples of the shape of
the structures 4c forned in the first optical layer 4. The structures 4c
are each in the formof a pillar-like concave (recess) extending in one
direction. The pillar-like structures 4c are arrayed side by side in one

direction, i.e., in a one-dinensional pattern. The reflecting |layer 3 is
formed on the structures 4c. Therefore, the reflecting |ayer 3 has the
sanme shape as the surface shape of the structures 4c. The shape of

the structures 4c can be, for exanple, one of a prismlike shape
illustrated in Fig. 3A, a shape obtained by rounding a ridge portion of
each prixsmtds iallliysiccatvedh raforg.ot3&r.a shape obtained by reversing a

| enticular shape as illustrated.in Fig. 30, and a shape obtai ned by
reversi ng oRevefiuthefi thastraheniskapes inHgeechartihe tier el enti cul ar
shape"” Inplies that a projection of each structure has a cross-sectional
shape, watviedlenigth &snvi eved epdéhpemditcudadr 154 Itmo la e sddelanseniofs ithe v
projection, part of a circular-arc, substantially circular-arc,

el | i pt iisabratferadpdys tdntoralllay ol i prarsalpigicrapdivaddl iag, lerdibstantial |y
par abolic shape. Thus, a cylindrical shape is also included in the

| ent i c@ingr sykapEOoTRyPEREEraRd Y Ut dPe@ah YHeg BB CHHEF] ¢ Dortion of
the projection may be rounded to have a curvature radius R_Aratio R P of
the cufNatiufe SOHE s RNt &% Ke Saffay Hitsaf-p il fist fddsy “o6'di® | ess, nore
preferably 5% or, | ess, and _even nore preferably 3% or |l ess. Note that the
shape GFaPﬁ@l§F98€t&H@Q%:q%?qﬁﬁyIﬁ%ﬁéﬁéi%Q§tqﬁ§Qnﬁ I%s illustrated in

Figs. 3A to 300r. the shapes revers to.the illustrated_sha and it may
be a t SPGTTAR-SiferBofte a4t dif I &y 1 ar ML B8 yhedr al
o1 POLCRl o ol BSRUAUDESIRPS LS 1 GRS OO O ST 0
Pt 29988 AH) DTS LY S 40 S I e SPRR g ol one
though depending on outdoor brightness. When the value of
the transmission image clarity is not smaller than 60 and
smaller than 75, the outdoor sight can be clearly viewed
although“only a very bright obiject, such as a light source,
;auses a displeasing diffraction pattern. When the value of
the transmission image clarity is not smaller thén'75, a
diffraction pattern is hardly displeasing. Further, a total
of values of the transmission image clarity measured using
optical combs with comb widths of 0.125 mm, 0.5 mm, 1.C 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 trénsmission image tends to blur in appearance.

When the total value of the transmission image clarity is

not smaller than 230 and smaller than 270, there are no
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Fromthe viewpoint of reflecting |arger part of light incomng fromthe
sky to be returned toward the sky when the optical filmis applied to the
wi ndow nmenber 10, the structure 4c preferably has a flat surface or a
curved surface, each of which is sloped at the slope angle of 450 or

| arger. Wth the structure 4c having such a shape, the incident Iight can
be returned toward the sky after being reflected substantially just once.
Accordi ngly, even when the reflectance of the reflecting layer 3 is not so
high, the incident light can be efficiently reflected toward the sky, and
absor ptgremlens iightdaby vt he feefdheaighngidpayerind ean de deeduced. As
illustrated in Fig. 4A, the shape of the structure 4c may be asymmetri-cal
with respegitnteesa | henlthpenpenrd cullare todf thhe ineindents ssurf doegs or the
energent surface S2 of the optical film1. In such a case, a principal

axi s | mlafritthye ist moct welden $hanclZifednfd gmalie mpatpendi>Xdul &hd ine 11 as
a reference in a direction a in which the structures 4c are arrayed side
by si deutidercei ;igtite cani e paleaadivs Wimvisid thdsadlictarley 4c isept esent s a
l'inear line passing a mdpoint of a bottomside of the structure and an
apex ofortigdts lierchn e Sugha aor gs -8t issndter sofisamén HifRlaesied film 1
is affixed to the wi ndow nenber 10 arranged substantlally vertically to

t he gr@ﬂﬁérapﬁéoﬁrpﬁ€¢6§mvaxW§Qanﬂetqﬂ¥%ﬁrﬁﬁ%%ﬁéj4€?eé pref erably

inclined, as illustrated in Fi to the _down zgg) ggggund si de) of

the w ﬁ&@\ﬁsﬁéﬁﬁépnlémlg@mctlﬁél%é( ﬁ&&%@&uﬁgﬁ%%% X ence. In

gener al ampunt of, h .cal ene ) rlves fromthe sun

t hr ougﬁil\ﬁ%ﬁ OPnpétttlel'FE i‘t?n éj(é‘ﬁp r% &Y (fi¥e (el evation
thefs%E& nnst her than %? %; S%$h59 Rhggizone By

enploylﬁ&thQ strict 6F35ﬁ%f5ﬁ hEeH5ove-Sdeser i'bed SHafe” the |i ght

oor SRy W IR Srel R0 P L G AN DS ) Rl ey o5 e

upmard il ustrat e prism

t t f d t
per pe gfcgﬁ%de i o%%e ggﬁﬁtlona yf{the struc HM&J”ﬁﬁ%ﬁ%géﬁé%ﬁéga

per pendi ure 4c having a shape ot her
than theg fpd.smdlke 3| %%p%fr%eala%% be Jfrar e ide an s WERtrigaintshape with

respect to the perpendicular Iine 11. For exanple a corner cube nay be
for med ;jigh 3R RIUMTEL Hetdo rsape Mid:h Jdaspacdt T ttha merpendited ar |ine 11
having the wavelength to be transmitted.
Haze occurred in the wavelength band where the optical
film 1 has transmissivity is preférably 6% or less, more
preferably 4% or less, and even more preferably 2% or less.
If the haze exceeds 6%, the tranémitted light is scattered
and a view 1s obscured. Herein, the haze is measured in
accordance with the measurement methoed stipulated in JIS
K7136 by using HM-150 made by Murakami Color Research
Laboratory Co., Ltd. When the wavelength to be transmitted
differs from that of the D65 light source, thée measurement

is preferably performed after calibration using a filter

having the wavelength to be transmitted. The incident
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The first optical layer 4 preferably contains, as a main conponent, a
resin of the type exhibiting a small reduction in its storage (el astic)
nodul us at 100C and not providing a significant difference in storage
nodul us between 25C and 100C. In nore detail, the first optical |ayer 4
preferably contains a resin having the storage nodulus of 3 x 109 Pa or

| ess at 25C and the storage nodulus of 3 x 107 Pa or nore at 100C. The
first optical layer 4 is preferably made of one type of resin, but it may
contain two or nore types of resins. Further, the first optical |ayer 4
may bej@f@?&d”@ﬁh gge%g9555$edeﬂth%egﬁ%aﬂ%%t_surfa@@egltﬁﬁdfkh%t optica

| ayer contains, as a nmain-conponent, the resin of the type exhibiting a

sl | reduetion Jinfials 8bor age ciRdulus catl 190G andaRel shicevindicRe a
significant difference in storage nodul us between 25C and 100C as

descri hed ;ahave, 1Lhe1f bkShRpdetladiayetd eaRnsulsanti abyemai ntain the
i nterface shape as per design even when a process under application of

heat or1bethof heat apdcprassune,i sirdahmeed cotlkaafl reughormisngat be
concave-convex surface (first surface) of the first optical layer 4. On

t he ot heke harddeinf the fhicestsloptidcahel ayergéntortaifase &2 dsmain
conponent, a resin of the type exhibiting a large reduction in its storage
nmodul upratfXRB®Cyand Opr pwi dirmngdeassi goirki paett ediabflgr éndé ivm strorlage nmodul us
bet ween 25C and 100C, the interface shape is defornmed fromthe designed
shape tadseoknamoaegerexeeatliyhadt. Ctthemoptri dalssf.i | oL emiyialye toer | ed.
The process under application of heat includes not only a process of
di r ect ey iappleyilng mseat rooothesepiiacdls Pbitminesr agodpdivedtsesfer eof , such
as anneal ing, but also a process in which tenperature at the surface of a
f or med PRItEMECS T Hyaley sugised tard shede des ﬁoﬁ&%ir]@@ts' | plappisi edotdSte film
surface, for exanple, during formation of a thin filmand during curing of -
a resi i cEGRFES Y| SHITARE &N R8T NG WhitOMITRE Stefrerat € of a nol d
(die) is raised upon_irradiation with energy ra anddglat is indirectly
appl | edVC0 LRETGPEREAl PERRH SFGEEr, P CFPaET Y It g™ 6
restricting the nunerical .ran of %% Sstor.age modul.us descri bed above
is notsﬁtngpe&? OFWétgagétEE%ﬁﬁ & Sa?kﬁ%ulagﬂﬁﬁﬁéi%f%fgkin and can be
SInlla%%%s%%&%b”%%ﬁ@@%@u% %@EfQPEJ%%%%%HQﬁgﬂ% Bnditions are as
| follows;
measuring apparatus: full-automated fine shape measuring
machine SURFCODER ET40002 (made by Kosaka Laboratory Ltd.),
Ac = 0.8 mm, evaluation length: 4 mm, cutoff: x5, and
cdata sampling interval: 0.5 um.
The light transmitted through the optical film 1 is
preferably as close as possible to neutral in color. Even
when the transmitted light is colored, the color preferably
has a pale tone in blue, blue-green, or green, for example,
which provides a cool feeling. From the viewpoint of

obtaining such & color tone, it is desired that chromaticity

coordinates Cx and Cy of the reflected light and the
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t hernosetting resin, and an energy-ray irradiation resin are used.

The storage nodulus of the first optical |ayer 4 can be confirned, for
exanple, as follows. Wen the surface of the first optical layer 4 is
exposed, the storage nodulus of the first optical layer 4 can be confirned
by neasuring the storage nodul us of the exposed surface with a

m cro- hardness tester. When the first base 4a, etc. are fornmed on the
surface of the first optical |ayer 4, the storage nodul us of the first
optical layer 4 can be confirmed by peeling off the first base 4a, etc. to
make the surface of the first optical |ayer 4 exposed, and then neasuring
t he st gragemitdeidus ightt heuérpdsddosuithgc emgireRnd wivefeIfartdnéds etest er .

A reduction in the storage nodul us at hi gh tenperatures can be suppressed,
for ex&myesingy tacminrédent sdjrdscengl eng. PacRéPeGERU&Hd e kind of a
side chain when the thernoplastic resin is used, and-hy a nmet hod of

adj ust PR§ 1819 laveRe 2narBether r&FdSSTLNSkilRY Spoirnt $3&ri® fvhe ol ecul ar

structure of a cross-linking agent whe e thernosettin si.n. or the
energylﬁﬁquFﬂgﬁi5PPQﬁSr8§i%r?ge6§€ Y ﬁo%@vérgxif %s%&régﬁizb@@ that the
characteri stics demanded for e resin terial .i-tself are n degr aded

with s&€h<aosﬁ§UCpﬁF§Ipéﬁgﬁéquﬁegé 3iﬁg%§n<;ﬁéBEySgdop‘gﬁ%<§?%%§?linking
agent, .far, exanple, the_ stora ul us -at ut. r.o t ur.e nmay be
et eaded 'vo LU0 VA BFent RGeS Lt SR £ I bedangs Bh L1 8. or h

i ncrea 0 ta ‘resin fil'm becomes Dbrittle, or that

the resin fil m.s o] I e.to lar ri |4 dtSio
therefg!ef gfgkgrgﬁgévﬁgepﬁgggﬁfggfb%eé% fﬁgdgéﬁg%o' Fﬁgﬁgfgégﬁﬁiﬁking

agent depe) g%ﬁ% %%Stﬁgﬁﬁ@”§6g§@eqh%%QC%%%hﬁﬁEQS-Funtherwhgﬂxﬁh%h@ rst

optical Ta contains a crystalline hi polynmeric material as a main:

CONMPONEN eyt nRl efre L3l %1 6gNtANS013% & JMRl B eaMPRReMinA HeRfiikhavi ng the
glass transition point higher than a maxi numtenperature during a

manuf agt-urisngcRA 9ees $hand taxhichirbhig 12 1 $aldocradueitdeen dsn drfte cst or age
nodul us at the maxi mum tenperature during the manufacturing process. On
the ot keriRanditnkl ralpesbnshay B the fglrasd yt Cynsi Kxon QIR & t he range
of the roomtenperature 25C to the maxi numtenperature during the
manuf agloel pGefreaedy apd>exki.bi tinngdaiittdrge cddmeted dm iav lidre tiner age
nodul us at the maxi num tenperature during the manufacturing process is
used, afdithei celfflgcoeduisghn repenaiimongrt hdd dealidemterdrade shyape as per
desi gn during the manufacturing process.

undesired because, when the optical film is applied to, e.g.,

building windows, the ceclor tone is different depending on a

viewing place and an appearing color is changed upon walking.

From the viewpoint of suppressing the above-mentioned

changes in the color tone of the reflected light, the light

preferably enters the incident surface S1 or the emergent

surface S2 at the incident angle 6 of 5° or larger and 60°

or smaller, and each of an absolute value of difference

between chromaticity ccordinates Cx and an absolute wvalue of

difference between chromaticity coordinates Cy of the light

specularly reflected by the optical film 1 is preferably

0.05 dr'smaller, more preferably 0.03 or smaller, and even
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When the first optical layer 4 contains a noncrystalline (anorphous)

hi gh-pol yneric nmaterial as a main conponent, it preferably contains, as a
mai n conponent, a resin having the nelting point higher than the maxi nmum
tenperature during the manufacturing process and exhibiting a snmall
rTeduction in the storage nodul us at the maxi numtenperature during a
manuf acturing process. On the other hand, if a resin having the nelting
point in the range of the roomtenperature 25C to the maxi num tenperature
during the manufacturing process and exhibiting a large reduction in the

st or agacredilrdg eatabt e onBxi BeMskemesratadr e adtr iofg biche rruf act uri ng
process is used, a difficulty occurs in nmaintaining the ideal interface

shape gsipefipdesisgrfddeisng ft haenapitfiactiurfiig Arocads. above-Herein, the
expressi on "maxi mum tenperature during the manufacturing process” inplies
a maxi aeEctéiper atimleaaat ohilse oooncamee-iceiy exansest aegafiiinst téw f ace) of the
first optical layer 4 during the manufacturing process. Preferably, the
second copbinealiciayecobralisetsat Csf isesl tye cdbde- meritlieorted dumwdrti cal range
of the storage nodul us and t he above-nentioned tenperature range of the

gl ass eransesioabpyi setisfiedThgs, baxtth ddst 1owd dentt wairfiscst Sop@incal | ayer
4 and the second optical layer 5 preferably contains the resin having the
st or agéhgoglicggeat §uxte09 Pa-or | ess at 25C. On such a condition, the

optical film1l can be given with flexibility at the [oonlﬁenper%ture 25C
and can be Rapufatthredtifeh LA¥SFoly- £6Sr BPFOProcBsscal 1a¥FRe first base

4a and the second_base 5a_have transparency in _an exenpl ary case. Each
base i§n§réﬁ@réﬁﬁ}eFﬁlpﬁelﬁgﬁﬁléﬁ & 'qWﬂQ4ﬁﬁ5Hﬁ¥§evFgﬁb6¥ﬂ¥iﬁg'giving t he

optical_filml with flexibility, .but the form.o he base is not
particéﬁi@l ’IWﬁ#ﬁeBet SPhé&F lnTW?ﬁ%ﬁ%ﬁEﬂ&sée £"dnd
(First Optical Layer and Second Optical Layer)

The first optical layer 4 serves to, for example,
support and protect the reflecting layer 3; The fi;st
optical layer 4 is made of a layer containing, e.g., a resin
as a main component from the viewpoint - of giving the optical
film 1 with flexibility. For example, one of two principal
surfacesdof the first optical layer 4 is a smooth surface
and the other is a concave—-convex surface (first surface).
The reflecting layer 3 is formed on the concave-convex
surface of the first optical layer 4.

The second optical layer 5 serves to protect the
refleéting layer 3 by embedding the first surface (concave-
convex surface) of the first cptical layer 4 on which the
reflecting layer 3 is formed. The second cptical layer 5 is

made of a layer containing, e.g., a resin as a main

component from the viewpoint of giving the optical film 1
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t he second base 5a can be each fornmed by using, -e:g., general high
polynmeric materials. Exanples of the general high polyneric materials

i nclude triacetylcellul ose (TAO, polyester (TPEE), polyethylene
terephthal ate (PET), polyimde (Pl), polyamde (PA), aram d, polyethyl ene
(PE), polyacryl ate, polyethersulfone, polysulfone, polypropylene (PP)

di acetyl cellul ose, polyvinyl chloride, acrylic resin (PMWA),

pol ycarbonate (PC), epoxy resin, urea resin, urethane resin, and nel am ne
resin. However, the materials of the first base 4a and the second base 5a
are not limted to the above-nentioned particul ar exanpl es. The thickness
of eackhiah tthexfibridtithaseFda amdmpie,secendibase Palinsipedferably 38 to
100 Rmfromthe viewpoint of productivity, but it is not limted to such a
parti cesharfacasgel The becsndbhapsiftalordlatied Secon@ BaSetha S fiscef er abl y
transm ssive to an energy ray. The reason is that when the first base 4a
or theasdcbhd babersasi § teansiviessiondero saF fessr dypecayd amrdisrdy-ray
curable resin interposed between the first base 4a or the seconchase 5a
and t h8heetlCBCEVRGCPATEK 3UE4A CBe cdurd® Ta< sdeSOTSEd LAVYET, “hy™

irradiating the energy-ray curable resin with the energy ray fromthe side
i ncl udithg CRECAVESCORSE ZXTEPCeneTsdbonFasadd sptical )iafir’ﬁé £ P& opti cal

| ayer 4 and the second 0@ i cal, | ayer 5 have transparency _in an exenplary
I

case. TRYSEFESt 'OpfRCA Orafdr 12 5n&QHﬁ§W9&99%§eﬁpfF&§FlP&yer 5 are each
chianed, 1g1 oxaple. by cut g g.resi comesiiion ee dhe el

conposition n capa ei ng cur upon
irradiatigon with Iight or an electr r Josetti resin
capabl éso%%g‘leﬁlg dre Xﬁﬁng%eép%& gaﬁﬂé%%gﬂ%&fais;ﬁg{ efera I43r(}gused from

the vi ewpaity gf eashness i NLAdUCH Qe ds L QIRT G LIS, Tesin. .

; :
a phot osensitive resin. conposition ggpaple of being cured upon irradiation
with "s%@rfa'c%._ %rfeft%reage%on%ﬁ% . W1 rBygof e5 cur ahlecfesEprcemrpagi ki, on
capabl e of being cured upon irradiation wth an ultraviolet ray 1I's nost

preferabl e. Jrhomitihe Wrewpeint ofd N easisigpdhes ohdetiearsitdialf i rst
optical "layer 4 or the second optical layer 5 and the reflecting | ayer 3,

the regin teQMPasid N ger.efer akl Bd wWiider: grontsai nsid 4RNPoBHtnmd ai ni ng
phosphoric acid, a conmpound containing succinic acid, and a conpound

cont ai miheg Byt rel-act are o rTheec aipoith ot Nisng:mphosphortice aci d may be,
e.g., (meth)acrylate containing phosphoric acid, preferably a (neth)acryl
mononers tefucairgens: hdvichg pResphbrdot iacild layer funtitifmralorgrioum  The
conpound contai ning succinic acid may be, e.g., (neth)acrylate containing
succi nithaacitthe proefarvasiopnaretmetel)eacroy] Irormmwar svd dia gomdr ddvE g
succinic acid in a functional group. The conpound containing butyrol actone
may bethe. gollowstiy) aesgrard icontia matte sl dhittorfdie FHEFEEBISE a
(meth)acryl nmononer or oligonmer having butyrolactone in a

4c. of the first optical layer 4. _

In the coptical film 1, an array pitch P of the

structures 4c is preferably not smaller than 5 pm and not

larger than 5 mm, more preferably not smaller than 5 um and

smaller than 250 um, and even more preferably not smaller

than 20 um and not larger than 200 um. If the array pitch P

of the structures 4c is smaller than 5 pm, part of the light

of the transmissicon wavelengths may be reflected in some

cases because it is generally difficult to form the
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functional group. The ultraviol et curable resin conposition contains,
e.g., (meth)acrylate and a photopol ynerization initiator. The ultraviol et
curable resin conposition may further contain, when necessary, a
photo-stabilizer, a flane retardant, a l-eveling agent, and/or an

anti - oxi dant. As the acrylate, a nononmer and/or an oligonmer having
two or nore (nmeth)acryl oyl groups is preferably used. Exanples of such a
nononer and/ or oligoner include urethane (neth)acryl ate, epoxy
(meth)acryl ate, polyester (neth)acrylate, polyol (nmeth)acrylate, polyether
(neth)acrylate and nelam ne (neth)acrylate. Herein, the term

" (et h)sac%e't%e&orwan ) RS, B AGHRY |Gl QUD Bz @ drethacryl oyl group.
The term "ol igoner” used herein inplies a nolecul e having nol ecul ar wei ght

of 500 @ JTRe o LORRY iOh [@%Sacteristhite ghalmpaamRrIidzald amyigt ti at or
used here can be selected, as appropriate, fromanong general materials.

As examl esref ddieraenesalo fmates 28] oSre -BRNZOphenD R el v atd fles:t i on

acet ophenone derivatives, anthraquinone derivatives, etc. can be used

al one Ohsd B cerdicati @f odmheanminig afi e qhictropold reniszatg ervami ti at or

m xed is preferably 0.1% by mass or nore and 10% by mass or |ess of the
sol id ¢antent-ordert he fArmumtornef tchéephut=npol ywrerdzagriiored,nithivst or m xed i s
| ess than 0.1% by mass, photo-curability is reduced to such a level as
bei ng metkiswi traloled of orl awdidigs thhiralugdr ddsc targn: daloritive feedctdasalepoi nt  of
view. On the other hand, if the anmount of the photopol ynerization

i nitiatior traxsdeeesseds To%the wader drrrsborlft dids amranerdiheh F @5 or nmed
coating when an amount of light emtted for the irradiation is

i nsuf f iticeMtrUdEEIET, 4chE@XCEaRS ol @m%?ﬁs'sqrﬁrblﬁléén A1 Fhent s
constituting the first gﬁﬁ%cal layer. 4 or the seﬁg} ptlcal.l er 5 after

bei ng ér dCTHRSE SShIFTd LLife ddedOFtorhsa e, the

hot opol yneri zation initiator, etc.
P P %uctures dc necessary for the directional reflection is

taken into consideration, thus causing a difficulty in
affixing the optical film 1 te a rigid body, such as the
window member 10. Further, by setting the array pitch P of
the structures 4c to be smailer than 250 pm, flexibility is
increased to such an extent that the optical film 1 can be
easily manufactured in a roll-to-roll manner and batch
production is not.necessary. When the optical film 1
according to the embodiment of the presenf technology is
applied to building components such as windows, a length of
about several meters is necessary for the optical film 1 and
roll-to-roll production is more suitable than the batch
production. By setting the array pitch P to be not smaller
than 20 pm and not larger than 200 pm, productivity‘can be
further increased. )

The shape of the structures 4c formed on the surface of
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Preferably, the resin has such a property that a structure can be
transferred to the resin upon, e.qg., irradiation wwth the energy ray or
application of heat. Any type of resin, including a vinyl-based resin, an
epoxy-based resin, a thernoplastic resin, etc., can be used as long as the
resin satisfies the above-described requirenents for the refractive index.
The resin may be m xed with an oligonmer to reduce curing shrinkage. The
resin may further contain, e.g., polyisocyanate as a curing agent. In
consi deration of adhesion between the first optical |ayer 4 or the second
optical layer 5 and the adjacent |ayer, the resin nmay be further m xed
W th seaBlie senePhi chgr é 80 Imdndite P9 thaviHg 8 RydiceRy IEY§oufiCa car boxyl
group and a phosphoric group; polyols; coupling agents such as carboxylic
aci d, &hicas&ruckigsendm ARy D%t aFFRC dRd AMArPouSTERsEattng isgent s.
The resin conposition preferably further contajns cross-1inking agent.
In par SUEEREE, 0% Y8l it TS0 s RﬂFﬁ%i&Gyﬁééﬁr igmﬁpeigﬁhﬁl UidEd®5s t he
cross- i nki ng ent. .By using the cross-linkin ent,. the resin can be
nmade hé&tﬁngF%ggﬁF %Ptﬁgﬁfa 5§FP?Scﬁ§n§PﬁgSP%g% Cordgd Foddrds at the
roomtenperature. |f the stor I e .roqm . rature is

PR Aded  Yeie ‘opti DA FLEAE sy PECCSTE. Hritie nd S

greatlf ecorme brit adifficulty
may oc in f i.catin h t figlm, L with .rl{l;<to-rol I process.
Exanpl@g&gﬁﬂtﬁgggfglkg gp%sgﬁggﬁtﬁﬁésaéent Fﬁ%%h i"oxan gl ycol

di acrylate. Lt cyalsodecanedinethanol tdicacnyhate s sy grodecanedi met hanol

di.net hacryl ate, ethylene oxide-nodified isocyanurate diacryl ate, ethylene

oxi de- R kel esi SRCHARULRL & dridedC iy abedand reaRQl-agt-enayodi fi ed
tris(acryl oxyethyl) isocyanurate. - Preferably, 'the first base 4a or

the secepdrbase 2a has WRkArevaROL RerrRaAkitiidy [ ower than that of the
first optical layer 4 or the second optical |ayer 5, respectively. For

exanpl e, whengkheshi tst 30phireapekayeetdviesviewsedlbysusangnyhe energy-ray
curable resin, e.g., urethane acrylate, the first base 4a is preferably
f or med ebypmpdieng od rteei rhhaw rE Whise s teajparrper dealfidrinteyl l[iowehet han-t hat of
the first optical layer 4 and being transm ssive to the energy ray, e.g.,
pol yet Hylrene opeiephit Aalvatre 4.PEThe At raatesglst 4c are each in the

form of a pillar-like concave (recess) extending in one

direction. The pilliar-like structures 4c are arrayed side

by side in one direction, i.e., in a one-dimensicnal pattern.

The reflecting layer 3 is formed on the structures 4c.

Therefore, the reflecting layer 3 has the same shape as the

surface shape of the structures 4c.

The shape of the structures 4c can be, for example, one

of a prism-like shape illustrated in Fig. 3A, a shape

obtained by rounding a ridge portion of each prism as

illustrated in Fig. 3B, & shape obtained by reversing a

lenticular shape as illustrated in Fig. 3C, and a shape

obtained by reversing one of the illustrated shapes. Herein,

the term "lenticular shape" implies that a projection of
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di ffusion of noisture.into the reflecting layer -3 fromthe incident
surface S1 or the energent surface S2 can be reduced and deterioration of
a netal, etc. contained in the reflecting |ayer 3 can be suppressed.
Hence, durability of the optical film1l can be inproved. Note that the
wat er vapor perneability of PET having a thickness of 75 Ismis about 10
g/ n2/ day (40C, 90%=H). Preferably, at |east one of the first optical
| ayer 4 and the second optical |layer 5 contains a functional group having
hi gh polarity, and the content of such a functional group differs between
the first optical |layer 4 and the second optical |layer 5 Mre preferably,
bot h t kedh rsstrueptireahalsayercrd sand ccd osedodhaget, i edlidrayier, mscontain a
phosphoric conmpound (e.g., phosphoric ester), and the content of the

phos phoriiesrechb peawed ddiciflerd ybetonee mritdge 1fiines to forhiec glr djsydrioh ,and t he
second optical layer 5. The difference in the content of the phosphoric
conpounrd etofeen cireufliarst ropt isedls taayrdr 14 vawd v age@dnsd opti cal | ayer 5
is preferably two or nore tinmes, nore preferably five or nore tines, and
even nmerldiprdfcarabing t nbeitamtia llivmed lipticalragcat Hagadoldife 6 t he
first optical |layer 4 and the second optical |ayer 5 contains the
phosph@ﬁb@t@@#ﬁ@ﬁﬁcﬂ pagabrdfiCe SaRG -| ay &3 Fr SFerlabity CantShiaRe &rF oxi de,

a nitride, aor an oxynitride_in its _surface contacti with the first

n
opti calp 1osyericaUerS] RE §6ERETSPAAT IFAYBE 5 CRETMEdnt As  t he
hosphari.c conpound. |t is _particular] referable that the reflectin
Fayelro §]1lhléltﬁg‘g§%a Havef, whirc ﬁh@orﬁlgigyﬁs %ﬁrﬁ&ogxioge G- O&rec%léj& um ]
oxide, in its surface COﬁ;acting:mjth t he fir.st ?Etiﬁﬁthayeﬁyé>%ﬁ'the
uch a

second "GPt PEalt TAYES 5% Lo

8 Cc ntAITE THE FRSEPori ¢ osdund.
femur%i

He® curvature radius R to the array pitch P is preferably 7%
or less, more preferably 5% or less, and even more
preferably 3% or less. Note that the shape of the Structure
4c is not limited to the examples illustrated in Figs. 32 to
3C or the shapes raversaed to the illustrated shapes, and it
may be a toroldal, hyperbolic cylinﬁrical, elliptic
cylindrical, polyhedral cylindrical, or a free-form shape.
Further, an apex portion of the prism-like or lenticular
shape may have a polvgonal shape (e.g., a pentagonal shape).
When the structure 4c has a prism-like shape, a slope angle
Y (see Fig. 14) of the prism-like structure 4c is, e.g., 45°.
From the viewpoint of reflecting larger part of light
incoming from the sky to be returned toward the sky when the
optical film is applied to the window member 10, the
structure 4c preferably has a flat surface or a curved
surface, each of which is sloped at the slope angle of 45°

or larger. With the structure 4c having such a shape, the
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effective in increasing adhesi on between the first optical |layer 4 or the
second optical layer 5 and the reflecting |ayer 3. Another reason is that
an anticorrosion effect is increased when the reflecting |layer 3 contains
a nmetal, such as Ag. Additionally, the reflecting |layer 3 may contain a
dopant, such as Al or Ga. The reason is that the dopant inproves film
qual ity and snoot hness when a netal oxide layer is fornmed by, e.g.,
sputtering. From the viewpoint of giving the optical film1l, the

wi ndow nmenber 10, etc. with a visually attractive design, at |east one of
the first optical layer 4 and the second optical layer 5 preferably has a
charact erl:sthe of (ARSALhi Ba LEONLB 8 RALH EulaL aLekendi pand Wi thin
t he vi Siblreé range. prgment glsperse inthe resin may be either an
organi ¢ phaRRRL Qf,aRahBOLIAN! §RkIBRRL. | ARAEHIGENSY, AR pGAN C

pi gment having high weat ity initself is preferable. Practical

exanpl es 0f lhe AArganicC c Bgnent &lRGhyde aZiaicane sghay (eoniamd N -doped
ZrSi ™), praseodym umyellow (Pr-doped ZrSi®), chrone-titania yellow (Cr-

and ShgepednFii Gn@r 1 CyhtapdnWodoped i FiQ2)1 vC hedne cgreen owsteh tas  0r 203),
peacock blue ((CoZn)O(Al Cr)203), Victoria green ((A, Cr)203), deep blue
(CoO A243. She2hbsvapadbHmozi ngenitumyblthe (éfdepedndr 324, hrane-tin
pi nk (Cr-doped CaO Sn02-Si 02), nanganese pink (M-doped Al 203), and sal non
pi nk ( be- depededr.Si ®4). Exanpl es of the organic pignment include an
azobased pignent and a phthal ocyani ne pi gnent. As descri bed above,-
t he second BptitahstayesdSiseFugs #8, ptbteshaphecEefhecttmngckayer 3 by
enbeddi ng the first surface (concave-convex surface) of the first optical
| ayer 4comawhbehashmmetfliceti wg thayesr@dts thoenddneByisetting the
refractive index of the second optical layer 5 to fall within a
pr edet eerpradicange, tht ths possidsng tenfeceadt e HhiegRMSESEYS ng t he
optical film1 at the incident surface S1 and to nodify an actual incident
angl e wuERacesfecoft §henertdfrectiidd layerd B 3 @ SBHhér possible to
suppress a reduction of the directionally reflecteg_cogp%nent which is =
causedPBy EhBakefFESt forObf CRReSFREFHBAE AFght &BCLHBSHi FFPBsFRSI nt er f ace.
Accordi ngly, even mhﬁn thﬁ shapes of ti gortion he_structures

defi g b

const | PEPRGIMAELAET fayerr8reesge fﬂeasﬁﬁgégkﬁPandég portions in
(Col | AHERRY. B SVGHGHT:~Fa 4 0P Ehe G NGS (gl 1y Fatlect S Banponent can
ne et S, scipano USange 56! Y, GOEBE BEs! b epopdcepul el Taver 5 i

linear line passing a midpoint of a bottom side of the

sfruéture and an'apex of the structure in a cross-section

thereof. When the 5ptica1 film 1 is affixed to the window

member 10.arranged substantially vertically to the ground,

the principal axis 1, of the structure 4c is preferably

inclined, as illustrated in Fig. 4B, to the downward side

(ground side) of the window member 10 from the pérpendicular

line 1; as a ieference. In general, a larger amount of heat

(optical energy) arrives from the sun through windows in a

time zone past the noon, and the altitude (elevation angle)

of the sun is mostly higher than 45° in such a time ZOone.
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or nore-and 1.6 or ‘|l ess, and even nore preferably 1.49 or nore and 1.55 or
| ess. By setting the refractive index of the resin enbedding the
reflecting |layer to be held in the above-nentioned range, a reduction in
the directional reflection performance of the optical filmcan be
suppressed even when the shapes of tip portions of the structures are
defornmed fromthe ideal one. (Reflecting Layer) The reflecting |ayer
3 is, for exanple, a wavel ength-selective reflecting |layer in the form of
a nultilayer (stacked) film which directionally reflects, of the Iight
enteri By tdelioydindenthes wthrace vate thaer iirne itdentakangl-elg=@ri®ed tdheadd,ght in
the specific wavel ength band, while transmtting the |ight other than the
speci f ith:ewavigihenginfvdrdmd tthremettheowgin aA rden Hidhmatlhiidkves sagf kehe
reflecting layer 3 is preferably 20 gmor |ess, nore preferably 5 gm or

| ess, arfdievemtinr eefileicdeabipwbngm orld dds gfamgie AddmShinahaciidkness of
the reflecting layer 3 exceeds 20 gm the length of an optical path in
whi ch ttHast.r ddsminch dé | itdiet Oirs sieflfdd e Ui daséd, Taigachen an
transm ssion inmage tends to distort in appearance. The reflecting |ayer 3

can be 2FoT¥REE T ICor StaRs ity SpReEr i ke, tU8pBRTRERELrtLeR, 1diF deati ng,
or die coating. The nmultilayer filmhas a ltilayer sructtflre
t IH% 2 qﬂat e

for med 294Gt 18k@ddive, thy Shcdeddinfelyr 43PN G &Kk &

prism-like shape may also be formed in an asymmetrical shape
with respect to the perpendicular line 1l;. For example, a
corner cube may be formed in an asymmetrical shape with
respect to the perpendicular line 1;.

The first optical layer 4 preferably contains, as a
main component, arresin of the type exhibiting a small
reduction in its storage (elastic) modulus at 100°C and not
providing a significant difference in storage modulus
between 25°C and 100°C. In more detail, the first optical
layer 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 cne type of resin, but it may contain two
or more types of resins. Furthér, the first optical layer 4
may be mixed with an additive, when necessary.

When the first optical layer 4 contains, as a main
component, the resin of the tfpe exhibiting a small
reduction in its storage modulus at 100°C and not.providing

a significant difference in storage modulus between 25°C and
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i ndex layer having a high refractive index with respect to a netal | ayer
inthe visible range and serving as an anti-reflection layer, the netal

| ayer having a high reflectance in the infrared range, and a high -
refractive index |ayer having a high refractive index with respect to the
metal layer in the visible range and serving as an anti-reflection |ayer.
An optical transparent |ayer or a transparent el ectroconductive |ayer can
be used as the high refractive index |ayer. The netal |ayer having a
high reflectance in the infrared range contains, .as a nain conponent, Au,
Ag, Cu,108°C Nis, dascribedPbdie, She Ta,roW dricralGelagleone, cam an al | oy
containing two or nore selected fromanong those el enents, for exanple. O
t hose examilzes,iaAd-y, m@untaAlr the -irdre rGelvas ethamst evd alexr atesigmeferable in
consideration of practicability. Wien an alloy is used as the material of
t he neteaden] ayem, a peromstsal dralger gumdfieradblon conthedats cradanwiin conponent ,
Al Cu, Alti, AICr, Al Co, Al NdCu, Al MySi, AgBi, AgNdCu, AgPdCu, AgPdTi,
AgCuTi heagPd0s PAGREMye AgPdRe IRy awt SIBer dromdditplidic Tencavad
corrosion of the nmetal |ayer, an additional material, such as Ti or Nd, is
pr ef er &sinyer %o fare He ipsttalsurdpeie) (af pgdra ifddlstr  o8tHeRlad 3v¢Tuded as the
material of the netal |ay it is preferable to mx the additional '

mat eri &7 Hife %@ﬁrcéﬂantdrragrépé:l%ntfilré}ﬁeroﬁtsl%?]i et thdviT & Hisyh 28

a main component, a resin of the type exhibiting a large
reduction in its storage modulus at 100°C and providing a
significant difference inistorage modulus between 25°C and
100°C, the interface shape is deforméd from the designed
shape to such a large extent that the optical film 1 may be
curled.

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 procesé 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 compeosition, and a process in which the
temperature of a mold (die) 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 cobtained when a thermoplastic resin, a
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refractive index in the visible range and serving as an anti-reflection

| ayer. The optical transparent |ayer contains, as anmain conponent, a

hi gh-dielectric material, e.g., niobiumoxide, tantalum oxide, or.
titani um oxi de. The transparent -el ectroconductive | ayer contains, as a
mai n conponent, ZnO- based oxi de or indi umdoped tin oxide. The ZnO based
oxi de can be, for exanple, at |east one selected fromanong a group

i ncluding zinc oxide (Zn0), gallium (&G)- and al um num (Al) - doped zi nc

oxi de (GAZO), alum num (Al)-doped zinc oxide (AZO, and gallium (Ga)-doped
zinc o rlc@ring resihe refd a6t iar rigidexofi dheiihitghr efdsaet iave i ndex

| ayer included in the multilayer filmis preferably in the range of 1.7 or
nore t@s2d or less, nore preferably 1.8 or nore to 2.6 or |less, and even
nore preferably 1.9 or nore to 2.6 or less. By setting the refractive

i ndex as nemhkopedrabeveodantis- bef keet farseanphecnéallbyed “Uncethebei si bl e
range with a filmthat is so thin as not to cause cracking. Note that the
r ef r actdowsf ilirneel ife rmmeasunpdd: atasa fwavielwengt fhein 55 mmrfHwe kiglthe
refractive index layer is a |layer containing, as a nmain conponent, a netal
oxi de, fiorstexatpleal laysone dasesspadeel, methadl  sdximdeycugedithare dfs Yhveef er abl y
to be other than zinc oxide fromthe viewoint of relaxing stresses in the
| ayer &hidssupptéssilngaties dcsany dirc e il igmaskdy megFaminaultéale at | east

one selected from anong a group _ .
storage modulus of the exposed surface with a micro-hardness

tester. .When the first base da, etcf are formed on the
surface of the first optical layer 4, the storage modulus of
the first optical layef'4-can be confirmed by peeling off
the first bése 4a, etc. to make the surface of the first
optical layer 4 exposed, and then measuring the storage
modulus of the exposed surface with & 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 cross-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 cress-
linking agent, for example, the storage modulus at about

room temperature may be increased to such an extent that a
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i ncl udi ng ni obi um oxi de' . (e.g., niobium pentoxide), tantalum oxide (e.g.,
tantal um pentoxide), and titaniumoxide is preferably used. A film

- thickness of the high -refractive index layer is preferably 10 nmor nore
and 120 nmor less, nore preferably 10 nmor nore and 100 nmor |ess, and
even nore preferably 10 nmor nore and 80 nmor less. If the film
thickness is less than 10 run, the high refractive index |layer is nore apt
to reflect the visible light. On the other hand, if the filmthickness
exceeds 120-nm the high refractive index layer is nore apt to reduce

t ransmpd-anRc & iand He@ eSS e Gradki N@r that khe redikl yStiraties cnereexanpl e
of layer structure of the reflecting |ayer 3. The follow ng description is
made o rar@ssdnpluieon ot hatr o3t ackde daajer s 1ar @ sgalhhed ef frer,st | ayer, a
second layer', and a third layer in order fromthe energent surface side
of t he prefieacitlag tlhayewpdr lThedliacst thay erypand it hédat ot d-dyievkiarge each a
hi gh refractive index |ayer containing, e.g., GAZO as a nmain conponent and
are foragetht mepicnging oknéedse slemsnsteantahalrdayr tequialt itce .each ot her. The
difference in filmthickness between the first layer and the third | ayer

i s preferablpetO%erfiess, onbrieapr ebgrablycsdainbesscraadadvencnor e
preferably 3% or less with respect to the filmthickness of the

count efpart POdomsarics Ba teaigdt Roofe fidde OMEON@Pér s 1 tTHRE S&dehd M ayer is a
metal |ayer containing, e.g., AgNdCu as a nmain caonponent. The | ayer
st r uct GEEtEANEhe aEefl BEEMNGHFMEISAer 23 5o o AVilmidt 4% FAt il ustrated

in Fig. 5. 'Figs. 6A to 6E_illustrate other ekanples of the |ayer
st r uct &G TR F@FP@CPP&&EFaﬁ@@BS?'ﬁ@&?m&miqqqﬁﬁﬁ%ﬁﬁi?zﬂ¥ﬁéﬁ§nﬁ ein

which the high refractive index | ayer .as the first layer .i.s a.layer
cont ai HEHY 109 RTRERR Sc GMYb s ,blgrjrﬂlgt fie Sﬁ’@ﬁ&l ﬁe)gjecrtlé)g t'he” second

| ayer i s a | ayer containing AgBi as a _main _conponent. . : not her
exanplé?mb Eﬁ%ﬁﬁﬁhmPgPﬁggt%§eqﬁﬁhg?%¥$ﬁﬁ-3%? %ﬁﬁgﬁflﬁjﬁﬁqiﬁgﬁEStructure

}:Pgts t\é%nt%ga rl_%i:n%g?ﬁ%cg%\éi.ng Oclill ftfh e therreﬁ)ga]%%t i e ialnqeexseﬁs%a%i cked.

rate éxanples of the refledting 1ayer I'n 1 ch the

hi gh r%fhteag,&:a%%F:tg&%é%l&t%ﬁre 2as @ MUldHd YLy SUUGHY &odi the exanpl e

illustrate high refractiveindex |ayer as the third | ayer

has a mitid,ayel Stiuet wpe thhat A ¥ Getaiirg A4 AS 1R Mai n
conponent "and a layer containing Nb205 as a nmain conponent are stacked. In

the exapph&ddthisthiyated el Fisthd &&nithe ihigh nefr@ctiamdnidex dmyer as the
third layer has a nmultilayer structure that a |layer containing GAZO as a

MR N CemROREMrag? hayen ueoriaidNathaNCRRm asmparaivneorponient ,tand a | ayer
cont ai ni ng GAZO as a nmai n conponent are successively stacked. In the
exanpl earldfustriatied icrokiegs 6B, wach of dilfe ilugh w efocacts view | ndex | ayers
as the first layer and the third layer has a nultilayer structure that a
| ayer earitrdiadinigoGARO dslea lndinterface shape as per design during

the manufacturing process.

When the first optical layver 4 contains a non-

crystalline (amorphous) high-polymeric material as a main

component, it prefeﬁably contains, as a main component, a

resin having the melting point higher than the maximum

temperature during the manufacturing process and exhibiting

a small reduction in the storage modulus at the maximum

temperature during a manufacturing process. On the other
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conponent and a |l ayer containing Nb205 as a nmin conponent are stacked. In
the exanple illustrated in Fig. 6E, the high refractive index |ayer as the
first layer has a nultilayer structure that a |ayer containing Nb205 as a
mai n conponent and a | ayer contai ning GAZO as a nai n conponent are
stacked, and the high refractive index |layer as the third | ayer has a
multilayer structure that a | ayer containing GAZO as a nmmi n conponent, a

| ayer containing Nb205 as a nmai n conponent, and a | ayer containi ng GAZO as
a mai n conmponent are successively stacked. I ndi vidual filns

consti INg steh |t il [N a H9:ted ;1,0 I 5 Arade of
inorgaﬁ%@dﬁaﬁgr%a?gfagngggﬁggngﬁkrﬁg§ggh#qufﬁgyl%étkgigéﬁk%iﬁgtacking a
thin fihm nede ebndchbghRObYTR! e MRILhI-Aim@l t_uRYeR GeNt@iminkg fine
particles, etc. dispersed in a high polyneric material. Further, a thin
buf f er thayefhniBdetoking. BroclissaRgdawinigia il eknesgeofreahoiti sseveral
nanoneters may be forned at the interface between the forned optical

t ransparnerthd ayeragedmbialad] acenhd ayerinfier tcheputpose dofripreewdnt i ng

oxi dation degradation of a netal in the underlying | ayer when the optical

t r ans paizentt alcdyier nigs pireceed. iHenaien, thelitffimdlbyf foercurayeant’ inplies a

| ayer that is self-oxidized to suppress oxidation of e.g., a netal |ayer
as an wadertlyiniggl ayer ivked antewdelog mipareyers iperf desedn @SupPmessi on of
Change in Col or Tone) In the enbodi ment of the present technol ogy,
change tihe oelnofacgneing puppeessed by setting an i ndex val ue that
represents a color tone, e.g., redness or blueness, and by formng a

nul tilayer Hebmise bketexpuepsignt fmagénumnieRcesapaareHEEELRI & fedness

i ndex and a bl ueness index are enployed to set the index val ue '

r epr es@REEG e 186 Bropsss” 1mplinfe & WIS FdePeidvitfestartishdex

val ue for determning whether the transmtted | jght pears reddish. The

r ednes SNEAFEFAITEY SUEAREER dtted By SHViRiTg & 'eu%alﬁjﬁ'cﬂ?qlsc%sul ted

(£ om 1 earall g, he Brodich o & LLON ssource, spesLi o g efleot ance
S20, IML0 430 T Y 3NEUS LR LS AT ORI IR At Of

numerical range of the storage modulus and the above-

mentioned temperature range of the glass transition point.

Thus, at least oné of the first optical layer 4 and tﬁe

second optical layer 5 preferably contains the resin having

the storage ﬁodulus 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-rell process.

| Tﬁe first base 4a and the second base 5a have
transparency in an exemplary case. FEach 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
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The redness index value is preferably 0.258 or smaller, nore preferably
0.250 or smaller, and even nore preferably 0.200 or smaller. Wen the
redness i ndex value is 0.200 or smaller, redness is not displeasing
regardl ess of external environnents. Wien the redness index value is

| arger than 0.200 and not |arger than 0.250, redness is hardly

di spl easi ng. Wien the redness index value is larger than 0.250 and not

| arger than 0.258, redness is not so sensibly displeasing though dependi ng
on outdoor brightness. On the other hand, if the redness index value is

| arger than 0.258 and not larger than 0.299, the transmtted |ight tends
to apgﬁ%rSgggﬁﬂhﬁgsgegggﬁgn'Beae%%%tﬁ%%h%ﬁ.%@gh%iﬂgﬂe%thPiglf the

redness 1 ndex value is er than 0.299, the transmtte ht tends to

appear Lshndgepby ibRethe RakkiGuiar anghapdiekeeti @he generBhe bl ueness
i ndex 8%§§?§es aﬁ i%&eg 5aﬁue for deterniniﬁgp%ﬁgther thegtransnitted

light appsaps1klei-9b. mSkaihanky ihe ke redressvikdexwasee, (Thog bl ueness
i ndex value is cal culated by dividing a value, which is resulted from

i ntegr abiRasthe predust ebligekhghlensowecepspectinum (@mef,l ectance, and a
visual sensitivity (lumnosity factor) in the wavel ength range of 620 nm

to 750pamyiby da Va@lIue besyhingédefl ri@m)i,nteegmdtd, ngotlye thiydduet (@F)a | i ght
source spectrum and a visual sensitivity. The bl ueness index value is
pref er ghllya@r21@ter, poalkeehe rsoldopesf grdblsplFo2e) @olypaidperlernand even
more preferably 0.170 or smaller. Wen the blueness index value is 0.170
or snal{Pen, bliaereyd icsliaflogies ploedsivigiviegarldiréss ofacatldrnglesin

envi ronments. Wen the blueness index value is |arger than 0.170 and not

| ar ger (PN¥A)Q. 200 ychlirboness i($¥Char diopxdi Jifisedsi NFEaWEEFtthe bl ueness i ndex
value is larger than 0.200 and not |arger than 0.210, blueness is not so
sensi bluyeghsplee asisng  t ROAgRCIEPFERE F§ O -out oG Bri FhEn &S 37 the ot her

hand, if the bl ueness index value is |larger than 0.210 and not, | arger than
0. 219, ofh&her dAgHitt Pegel fgherCetds ts@%ﬁjea]ﬂ‘asseogé\l\ﬁéte 151(3‘1 slh'LHPﬁe&{

articular angle direction. [|f ,
P to the %bove—mentioned particular examples. The thickness

of each of the first base 4a and the second base b5a is
preferably 38 to 100 pm from the viewpoint of productivity,
but it is not limited to such a particular range. The first
basé 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
Lz or the second base 5a and the 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 ba.

The first optical layer 4 and the second optical layer
5 have transparency in an‘exemplary case. The first optical

layer 4 and the second optical layer 5 are each obtained,
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t he bl ueness index value is larger than 0.219, the transmtted |ight tends
to appear bluish deeply in the particular angle direction. (Function of
Optical Film - Figs. 7A and 7B are each a sectional view to explain
one exanple of function of the optical film The follow ng description is
made, by way of exanple, in connection with the case where each of 't he
structures constituting the concave-convex surface has a prismlike shape
with a slope angle of 45. As illustrated in Fig. 7A, part of a near
infrared ray fl in the sunlight entering the optical film1lis
directionally reflected toward the sky in a substantially reversed

rel ati t ir i .of, the. d.nci I On zt -hand,
vi si bl g%lri %ﬁ%ﬁ%%%ﬁag eﬁ?ﬁ%gutgh%teﬁg%o%a%él%q}o%'1. AR El%stlﬁfgr, as

i1l ustrated 0 Y. afBenkhe- -8Rt Qe ddie optdaale fdd Mek rand
reflected by the reflecting surface of the reflecting layer 3 i's separated

into a£emeoneRh LArefieated dienwand fhie sKurard & tcamporent, ldE rot
reflected toward the sky at a proportion depending on the incident angle.

The conpenadlsckB imet reefihecledHiewarrd Hdigds ksl tpical lapplafdaaciced at t he
interface between the second optical layer 5 and air and is then finally
ref | ectogd hiemta idi faetficombdiyf fiesidnd rdoromieheriiengicdernt odi reectiiress Grven t hat
the light incident angle is 6, the refractive

production. As the energy-ray curable resin, a

photosensitive resin composition capable of being cured uponr

irradiation with light is preferable, and an ultraviclet

curable resin composition capable of being cured upon

jrradiation with an ultraviolet ray is most preferzble.

From the viewpoint of increasing adhesion between the first

optical layer 4 or the second optical layer 5 and the

reflecting layer 3, the resin-cémposition 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, e.g., (meth)acrylate containing phosphoric acid,

preferably a {(meth}acryl monomer or cligomer having

phosphoric acid in a functional group. The compound

containing succinic acid may be, e.g., {meth)acrylate

containing succinic acid, preferably a‘(meth)acryl monemer

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
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i ndex of the second optical layer 5 is n, and the reflectance of the
reflecting layer 3 is R a proportion Mof the upward . refl ected conponent
LA with respect to the total incident conponent can be expressed by the
following formula (7): M= (sin(45 - 6') + cos(45 - 6')/tan(45 + 61))/
(sin(45 - 6') + cos(45 - 6')) x where 6' = sin-1(sin6/n) As the
proportion of the conponent LB not reflected toward the sky increases, the
proportion at which the incident light is reflected toward the sky
decreases. Contriving or inproving the shape of the reflecting | ayer 3,
i.e., the shape of the structure 4c of the first optical layer 4, is

ef fecti Ln_Loer i.ng the proportion of the conponent reflected toward

t he sk&& glfgggeggghgﬁe proportion of the upward reflection, the
structure 4fh8f§i€£é@£¥1@é$cu 9h16X28Rk &, cbhgokent beukantshape illustrated
in Fig. 3Cor the asymetrical shape illustrated in Figs. 4A and 43. Wth
the stpugturerdenhavi-igasuchng Shapeitophe yneghtz sentboer iiRg thuitlodi.ng w ndow
menbers, "etc. fromthe sky (upward direction) can be reflected at a | arger
propor trihen i @ rbhe csky Cupwane diekeet icompoavden onhaiagh fire hleirght i s not
reflected in exactly the sane direction as the incident light. In the case
of thecbweashapesenl heskrated,i B bhgtc3Ctand Eizgs., 4Afdmaded8, the incident
light can be returned to the sky after being reflected once by the

ref | ectriengrdayer, 3, laveillihgstoaned iamdFiogs angAndnd o8Bdaartd hence t he

refl ected conponent can be finally obtained.in a |arger anmount than that
obt ai ned i nAsheheaserplathe shmpeomek| astdyaredni plEpgRSr7AadhTI7B, where
the incident light is reflected, twice (or three or nore tines). Gven

t hat t heor eftl @otrandeesh ) elve vilemle cmiond sl dyePrigtra®loeiS8 wavel ength is
80% for exanple, when the incident light is returned to the sky after

bei ng Fefipdesd ofwisEEh BhEOmPWRd 36l |08c CArideMed tiRcdists daat a4,
However, when the incident light is returned tqQ the sky after being

ref | ecti@GLENGEL VL RESUp RBPF YT df1CdY e i h &G etSsdat y 80%

{(meth)acrylate, polyol (meth)ac;ylate, polyether
(meth)acrylate, and melamine (methjacrylate. 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 600CO
or less.

The photopolymerizaticn initiator used here can be
selected, as appropriate, from among general materials. As-
examples of the general materials, benzophenone derivatives,
acetophenone derivatives, anthragquincne derivatives, etc.
can be used alone or in combination. An amcunt 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 amount of the photopclymerization initiator mixed is

less than 0.1% by mass, photo-curability is reduced to such
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Figs. 9A and 9B illustrate the relationship anong a ridgeline 13 of the
pillar-like structure 4c, the incident light L, and the reflected Iight
LI. It is preferable that, of the light L entering the incident surface S
at an incident angle (0, 0), the optical film1 selectively directionally
reflects the light Li in the specific wavelength band in a direction (00,
-0) (0 <00 <90) while transmtting the light L2 other than the specific
wavel engt h band therethrough. By satisfying that relationship, the optical
film1l can reflect the light in the specific wavel ength band toward the
sky. Heyeidyel0 d5 R ANGR farimsd by @ perend il amntdde-d fow 4 fbnk espect
to the incident surface Si and the incident light L or the reflected

li ght Lhe Areiti(dadl ighian angledwr mesh ithd heehacimgent, sif face Si by a
linear line 12, which is orthogonal to the ridgeline 13 of the pillar-Iike
struct ume e, chdha gomonentymesiddt ing: firamiprajreatigl tdecaartd dent |1 ght
L or the reflected light L1 to the incident surface 51. Further, an angle
0 rot atldd dyoclassse air eridrhe petpandiadam lime Forasd gefEemence i s
defined as "+0", and an angle O rotated counterclockw se fromthe

per penditeul @an lampeirnt] dfs ldeflithemnidgsed or Aheangimdiat ot ated cl ockwi se
fromthe linear line 12 as a reference is defined as "+4", and an angle $
r ot at ed repuritieridrdckwilse efirom ttftfe Ygmedrsdliffe contentdefimeld s glAbpar at us
for Manufacturing Optical Filni ~ Fig. 10 is a schematic view

i |1 ust CEERRRSERe SeRfplid udrinbidies Jcittion Gt g lappaied us Tortifanuf act uri ng
the optical filmaccording to the first enbodi nent_of the present

t echnolSSHEPIALHTYGFE: ratsd ith FHlgT TE1nhe f actitht ﬁéiﬂfﬁmmt

i ncl udes |l.am nati rolls 41 and 42, uide . roll 43, a coatlng device 45,
bnd an MGG gkt s, The et b imie S O A r 6

arranged .to he able to nip a reflecting-layer affixed optical layer 9 and
the secohd §€”5§§fherebetmeen. The reflecting-layer affixed opti cal

layer 9 i's aLayer obtained by foraing the r gilecting dayer 3 on one

princi pal surrace o Ythé Ti st optical Tayer he-'reflecting-1ayer

?Lfei th tceiﬁ}d&(r{?jnec: paerbsear acegfgrt{}%é %qq?ésr%@g:pét%lglard %’e?’?'o’ﬁat ﬂiesposed o
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 éatiéfieé the above-described reguirements for the
refractive index.

The resin may be mixed with an oligomer to reduce
curing shrinkage. The resin may further contain, e.g.,
polylisocyanate. as a curing agent. In consideration of
adhesion between the first optical layer 4 or the seccnd
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 phesphoric group;

polyols; éoupling agents such as carboxylic acid, silane,
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opposite side to the one principal surface thereof on which the reflecting
layer 3 is formed. In the illustrated exanple, the 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 in a conveying path inside
the manufacturing apparatus to be able to convey the optical film 1 having
a belt-like shape. Materials of the lamnating rolls 41 and 42 and the
guide roll 43 are not limted to particular ones. A netal such as
stainless steel, rubber, silicone, etc. can be optionally used, as

apprOp%hg&ﬁmugp%gﬁd%Egaﬁﬂuknea %s-aQQOﬁglEh%ﬁ%&%%?e@dﬂﬂﬂ§i- The

coating device can be prepared as a device including a coating unit,

such as a ceptetesfs LBfp60atern QrdiBany)Goatetseinebidhngsaagravure
coater, a wire bar, and a die can be optionally used, as appropriate, in
consi deraflsan i@fi i pRY ﬁg_@@h. pr apephires cf st e ar @§idl ieonpesidiigmitiadge
coated, etc. The irradiation device 46 is a device for irradiating the
resin GQEPESiili @RraWict-lnal) bERIAZIaRY thay cresd-]liakielecgenn .r aygy an

ultraviolet ray, a visible ray, or a gamma ray. In the illustrated
exanpl s iadgU¥hleamp ot tinkd nan adletitagyitdleetrasdy icenuded mesid eatr+ adi at i on
device 46. [Method of Manufacturing Optical Film One exanple of a

met hod refs imerufactiaghiong theaopti chlaniiim ddeorsdionggeo mdv lfuis stt enbodi nent
of the present technology will be described below with reference to Figs.
10 to 1Be Nobe tkaperiamucensi dér dhicostofrgueodgchilyist yyt pdrt mwom he whol e
of a manufacturing process described belowis preferably perfornmed in the
rol | -t demplerafameers 8¢ epitiys thatgdd,n they orte.cadx ddpim flofmay step of
fabricating a nold (or a die). , _ ,

become brittle and a difficulty may occur in fabricating the

" optical film 1 with the roll-tco-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 base 4a or the second base 5a has

water vapor permeability lower than that of the first

optical layer 4 or. the second optical layer 5, respectively.

For example, when the first optical layer 4 is formed by

using the energy-ray curable resin, e.g., urethane acrylate,

the first base 4a is preferably formed by using a resin

having water vapor permeability lower than that of the first

0ptical"layer'4 and being transmissive to the energy ray,

e.g.; polyethylene terephthalate (PET). As a result,
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- First, as illustrated in Fig. 11A a nold (or a die) 21 having the sane
concave-convex shape as that of the structures 4c, or a nold (or a die)
(replica) having a shape reversed to the concave-convex shape of the
former nold (die) is formed by, e.g., bite nmachining or |aser machining.
Next, as illustrated in Fig. 11B, the concave-convex shape of the nold
(die) 21 is transferred to a resin material in the formof a film by
utilizing, e.g., a fusion extrusion process or a transfer process. The
transfer process can be practiced, for exanple, by a nethod of pouring an
ener gy did@f iedicablog meSist uret A nd ovalhd ard ligatadigatlangt e fewr edhea esin with
an energy ray to cure the resin, or a nethod of applying heat and/or
pressuriediceatr @sintaloer str ansfére iang ddea tdesinfectestsdpearo Hehe resin, or a
met hod (Il am nating transfer process) of supplying a resin filmfroma
st ock melducand atwansfieriiong ke sifape meftad dieg .0 adnd ardgsich iffi 1the under

application of heat. Through the above-described steps, as illustrated in
Fi g. 1Yrefleleifior sSeyept Bcalan dpersuprrarssy t hélesaeuctdnred i4d toh e
principal surface thereof is-forned. -~~~ Further, as illustrated in Fig.

110, t Réef opdticgpt ifddm layesn Perdyi@viest-ned e thet ithsy Wdse 4a. This
case can be practiced, for ex%gple,_by a process of sugplying the first
base 4d3PwIt RErFeARiefity (oh fitgmbiadisele rdicknésat idfg ah HWhergy- ray
curable_resin on tgg first base 4a, pressing the resin against a die to
t r ansf éP%Wfre 19h&HE 4Ry hésRie t 39FRB) resin, and irradiating the resin with
an energy ra e it, Preferably sin fur%her ntains a '

[

%o cu r , th re cQ
cross-linkiﬁée_GEﬁP.yTh@tr 8@5% Pgétﬁgttsﬁe ¢F8Ss Pk PAg “A4ERt “makes t he
oS b Sl o, i e 0 st 48 i Toom
fl ing | 3.is.f d t |,.NCJ f : first
oot i calape T o Rs et e g 14 B P ey RS Ty

sputt ergjr%% t%‘i%&%&%t Q2 EYD hami cal o\@ﬁQfangbpﬁq%rt | P)ng difR coating, die

coat i ng, coating, or spray coating. Prefer a practical nethod of

form ngthe eikecting layers 3 i optdonallap sel ashiad dirom.thase 11 m

form ng net he dependi ng on the shape of the structure 4c, etc. Next, as
i Tl ust pakadaiin 1%2(%-r 3nd hed efdestd ngpdaver 13 subjaeted to anneal i ng

as indicated by 31, &ﬁen 7 _
phosphoric compound (e.g., phosphoric ester), and the
content of the phosphoric compound differs between the first
op?icai layer 4 and the second oﬁtical layer 5. The
difference_in the content of the phesphoric compound between
the first optical layer 4 and the second optical layer 5 is
preferably two or more times, more preferably five or more
times, and even more preferably ten or more times.

When at least one of the first optical layer 4 and the
second optical layer 5 contains the phogphoric compound, the
reflecting layér 3“preferably contains an oxide, a nitride,
or an oxynitride'in its Surface-contécting with fhg first

optical layer 4 or the second optical layer 5 that contains
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necessary. The tenperature of the annealing is in the range of, e.g., 100C
or higher to 250C or | ower. - Next, as illustrated in Fig. 120, a resin
22 in a notyet-cured state is coated over the reflecting |layer 3. The
resin 22 may be, e.g., an energy-ray curable resin or a thernosetting
resin. The energy-ray curable resin used here is preferably an
ultraviolet-ray curable resin. Next, as illustrated in Fig. 13A a

|lam nate is fornmed by placing the second base 5a over the resin 22. Next,
as illustrated in Fig. 13B, the resin 22 is cured by applying, e.g., an
energy ray or heat as indicated by 32, while pressure is applied to the

| am nale Ay Adealied BpdindXamh &% e e LRENGY dhddisale digre

i nclude an“electron ray, an ultraviolet ray, a visible ray, and a ganmm
ray. The Ultraweligly naYelrS 3Mne 1RRfL:Al8 T omrike WpMRainY Ahc
production equi pnent. Preferably, an integrated irradiation anmount is

sel ect egi d@S (@RPNHORK AliRpiikh eAsicderial 1ok Ghurtfie < Wdme iai@etiem stic of
the resin, suppression of yellow ng of the resin and the second base 5a,
etc. Theeprassur epappliled atye rt ke draninratse: dedprogfarcaill Y ave A e thange of
0.01 MPa or higher to 1 MPa or lower. If the applied pressure is |ower

t han 0cQhthRas ahpr phloemheay cocoupdumd.r avelding destherd illsm On t he ot her
hand, if the applied pressure exceeds 1 MPa, a netal roll is to be used as
t he ni pfifelctivendnt Hacapplsied préesuce stwee dite tio fdtuctdat®l Thr ough

t he above-described steps, as illustrated in Fig. 130, the second optical
| ayer Baiysrf ér med the tkeonef lopdticsd llaper  and tthe gmbletitimd m1 is

obt ai ned. A nethod of formng the optical film1 by using the
nanufadﬁﬁﬁﬂn@-ap@@péﬁﬁg,ﬂﬂﬂ%ﬁ%ﬁé&é&ﬁﬁ1qqgﬁﬂtHEOEMqalqﬂa%ﬁ%%ﬁiHéﬁ in nore
detail below First, the second base 5a is |et out froma base supply rol
(not sHO®ARESERd ke IteE- 6@ lSctdid HaseBa ICTHHded & §5ssls et t he
coating device 45. Next, .an ionizing-ray curable resin 44 is coated by the
coat i ngSdé¥i-ce MISHEA NRE WecdhE Base 5 P SinG Und S % I9TEGHEN 1y devi ce

- 45. Next, the second base 5a coat ith the.ionizing-ray, curable resin 44
i s conePéd tr oW laﬁeAliar‘ﬁrng’lai'ngefgﬁ et '.atO?rr}}%éjO&% hand, the

reflecting-I|ayer_.affixed.optic | ayer. 9 is let out froman optical |ayer
supplylF§&PVFﬁo€l§ﬁbﬁ%§£hﬁ%¥i§§%L5W5%§%%P%%ﬁM¥%?Wtﬁaqgﬁﬁ né??ﬁ%yrolls 41" and
42. Next, .the s nd base . reflecting-layer affixed
opticaﬂapgﬁegs9ﬁ%5g§ﬁF%§Viﬁbg%ée%%%%ﬁggégglhs descri bed above, are

sandwi ched pebyeeno! hecl At al bRogEokhs 41canfedZut hoy! 1al law ng bubbl es
n t he

to enter between the sec base 5a an reflecting-layér affixed

opti cal,;lhayer mdmpehengby Jihe Eﬁftlhet‘at I NGsdAvies aaééﬁa@ﬂmtdéﬁiqd,aw 91s

| am nated on the second base 5a. Next, the second base 5a including the

| am nated sreflhectimngrlayer-af fdpadoptisalr |awd THs Lwmyed along an
outer circunferential surface
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- and Ni-doped ZrS$iO,), praseodymium

vellow (Pr—doped ZrSiC4), chrome-titania yellow (Cr— and Sh-

doped TiO: or Cr~ and W-doped Ti0;), chrome green (such as.
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of the lamnating roll 41 while the irradiation device 46 irradiates the
ionizing-ray curable resin 44 with the ionizing ray fromthe side

i ncl uding the second base 5a, thereby curing the ionizing-ray curable
resin 44. As a result, the second base 5a and the reflecting-layer affixed
optical layer 9 are affixed to each other wth the ionizing-ray curable
resin 44 interposed therebetween, and the objective optical film1 having
a long size is fabricated. Next, the fabricated belt-shaped optical filml
is taken up by a take-up roll (not shown) . Eventual |y, a stock roll in the

| I ed f f the hel b i h
L. r 6608 1 GRATAR A i | R DoV LRl ”h)edv%fzﬁe%i‘e Borr hihg the
d opt I 5 t t I d
pr ef er &8 95%354"" sméaég&?%d%#ﬁg 5 8 5 by et et (850 ' ¢
He
of the'l vI HORREL G R0l [ AT L g H rsﬁig%?{%ﬁfé%ér C%Besﬂ§%h%f‘%ate”"erat
exanpl &, %%%hgﬁn%%% td%%(?dt{iﬁﬁé'wt &tégﬁhoﬁf;@( HEs-datded on the

first as a and’i’s conve the am nati n the first

base 4%r’QEﬁLposggaﬁéfégbgkm@ﬁgtﬁgg?hﬁc bh ﬁ@ﬁ@rgncgﬁﬁbrhﬁahk¥ confirmed

that the act rature o Irst optical layer 4 is about (t -

20) C. é%%%@dg@%hﬁntbﬁn%ettt%&h%ﬁ%c%%%hﬁﬁﬁ s of the first optical
| ayer 4 to 3 x 107 Pa or nore at (t 20) C, the concave-convex shape

of the interntageskpshae Lhevept taal skayan earibaipnayert edskrossdef ormi ng
due to application of heat or both of heat and pressure. Further, the

first eptiggakccayehed rprrakenablyy 1hgst e st engeidinduliie ¢fi3tx 109 Pa or
|l ess at 25C. Wth such a property, the optical filml can be given with

f1 exi bishirtfrcat (ichecaheemcoenfsr atutfaceblende, tHehef ioptt ealt ifdaimlkyean be
fabricated, for exanple, by using the roll-to-roll rmanufacturing process.
| n congi der ahiich ahet befleat: iresilstyance dfs thvermreesi n Qs edtds.nichéhept i cal
| ayer or the base, the process tenperature t is preferably 200C or |ower.
Howevere fwaen iaer ésidexhavi g ehisgivemdhegtt e dtaatege 5 $aused.L t he process
tenperature t can be set to 200C or higher.
within a predetermined range, it is possible to refract the
light entering the optical film 1 at the incident surface S1
and to modify an actual incident angle with respect to the
reflecting layer 3. It is further possible to suppress a
reduction of the directionally reflected component, which is
caused by the reflection of the incident light at the
air/resin interface. Accordingly, even when the shapes of
tip portions of the structures constituting the reflecting
layer 3, e.g., the shapes of ridge portions in the case of
the structures being made of corner cubes, are deformed
(collapsed), an overall rate of the directicnally reflected
component can be held high.

The refractive index of the second optical layer 5 1is

preferably 1.1 or more and 1.9 or less, more preferably 1.4
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[ Setting of Film Thickness of Reflecting Layer] As descri bed above,
the redness index value and the bl ueness index val ue representing the
reddi sh and bl ui sh col or tones, respectively, are changed dependi ng on the
filmthi cknesses of layers in the nmultilayer filmof the reflecting |ayer
3. In the enbodi nent of the present technol ogy, therefore, the film E
t hi cknesses of the layers in the nultilayer filmof the reflecting |ayer 3.
are set so as to satisfy the desired conditions of the redness index value
and the bl ueness index value with the filmthicknesses of the layers in
the multiLayer Blﬁt%eb@g#%%%kaghﬁﬁeyen mo FR€ ikl liicknesses of the

|l ayers Tin the multilayer filmto satisfy the desired conditions of the
rednesg j.ndex val ue and bhe bl geness tindexnwakue ganike ablained, for
exanpl e, through a sinulation. re specifically, the filmthicknesses of
the | ayels vy ihhemmelidi hayemd iddnitetsaly shyeirhe odesi med ccamdichicons of the
redness i ndex value and the blueness index val ue can be set” by determ ning
I espectyipieredingiii Bl orsnefe t he reediessn ndexhealdiesand onad bl ueness i ndex

value with respect to the filmthicknesses through a sinulation. In
t he si mafatdcanont pe rffidrmathiec kifesses opftitdad Ifdyler sairn HeheuppirEisisayer film
of the reflecting layer 3 are regarded as variables. In nore detail, the

r edneseviendesevalthe ahdpelze dil tapegeritides vdl ddcarsd reathiresl euleat ed by
regardi ng, as variables, an optical filmthickness x of the high

r ef r actdefe rimade Xt doay eéhead detad forrest | ayer, a geonetrical filmthickness z
of the netal |ayer as the second |layer, and an optical filmthickness y of
t he hi gefédfarcacdmiové.aiviedex | ayer as the third layer. Herein, the term
"optical filmthickness" inplies_a filmthickness resulting from

mul ti pl yi ngTaegeefeefténs LRYATt Ri éRne$8TbG*amPéfr adt MFESILRAER " I'n

t he enbodi nent of the present technol ogy, as iIIustr%Fe in Fig. 14, a
direCtﬁ@ﬁeﬁﬁﬂﬁ@hdﬁééﬁ§ﬁlpﬁ'éayer in the form of a multilayer

(stacked) film, which directionally reflects, of the light
entering the incident surface at the incident angle (0, ¢),
the light in the specific wavelength band, while
transmi£ting the light other than the specific wavelength
band therethrough. A mean film thickness of the refleéting
layer 3 1is preferably 20 pm or less, more preferably 5 pm or
less, and even more preférably 1 pm or iess. If the mean
film thickness of the refiecting layer 3 exceeds 20 pm, the
length of an optical path in which the transmitted light is
refracted is increased, and the tranémission image tends to
distorf in appearance. The reflecting layer 3 can be formed,
fof example, by sputtering, vapor deposition, dip coating,
or die coating.

The multilayer film has a multilayer structure formed,

for example, by successively stacking a high refractive
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sl oped surface of the structure 4c formed in the first optical layer 4 is
defined as the thickness direction of each layer in the nmultilayer film of
the reflecting layer 3. Gven that an angle of the sloped surface of the
structure 4c with respect to the principal surface of the first optical
.layer 4 is vy, there is a relationship of "A = B/cosy" between a film
thickness A in the direction perpendicular to the principal surface of the
first optical layer 4 and a filmthickness B in the direction

per pendi cular to the sl oped surface of the structure 4c. For exanple, when
t he angl f the. sl oped_sur.face of _t tr. : i ! ~(B" is
resul t &%é& %ay'rehgfég | 8 %ﬁgﬁlgﬁﬁg %ﬁ%@%égﬁ%érsgﬁgkf%?ﬁ#ﬁglﬁﬁ%éﬁiIm

thi ckngsses that,satl sty Lhe das! nad £0ndid 1onsioly the diedngss. | ndex val ue

and t he Dbl ueness i ndex val ue wll escribed with reference to a

fl OV\Ehfa%I:El%ctEibgf 1%§7erfi, 8k QR hi-QRS PIRMIGEd I 81 aRse 1Skt 4 are set.

to performthe sinufati'on when tthe fi'lmthickiesses of the l.ayers in the

mul til gyer Hd imeef the rmeblecting & ayem 3ane ahargethdekha slape angl e of |
the shape of the nultilayér filmis set in step SI. The filmthickness

di stri bukiign ian aeh dedyakrafvet heyduad tiiltay efe fddm its sete imetsilep S2. The
refractive indexes of the shaped |ayer (first optical |ayer 4) and the

enbeddilpgdrayer thseeardrapt irealgd ayer Srvaney set am sstep-19316Me wopt i cal
filmthicknesses x and y-and the geonetrical filmthickness z are input
in stepad34r. An loptite) 3Fanspe rsntullaticon ars sperdfaoramddrdsed on the
conditions set in steps S1 to S4. In step S6, the redness index value or
t he bl wdress dawdexordlvee lieyegaloaul dtcedisfegt ashalhepthiicHl fdfiradthivtknesses x °
and y and the geonetrical filmthickness z, which have been set in step
34. 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, 2d, Co, Si, Ta, W, Mo or Ge alone, or an alloy

containing two or more selected from among those elements,

for example. Of those examples, Ag—-, Cu-, Al-, 8i- or Ge-

based 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 compecnent, AlCu, Alti, AlCr, AlCo, AlNdCu, AlMgSi, AgBi,

AgNdCu, AgPdCu, AgPdTi, AgCuTi, AgPdCa, AgPdMg, AgPdFe, Ag,

or 8iB, for example. To retard corrosion of the metal layer,

an additional material, such as Ti or Nd, 1is preferably

mixed in the metal layver. In particular, when Ag is used as

the material cof the metal layer, it is preferable to mix the

additional material.

The optical transparent layer is a layer having a high
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In step 57, the optical filmthicknesses x and y are -changed to vary the

fil mthicknesses of the corresponding | ayers. Then, the redness index-

val ue or the blueness index value at a certain filmthickness of the netal

| ayer is calculated. In step 38, the geonetrical filmthickness z is

changed. Then, the redness index value or the blueness index value is

cal cul ated by repeating the sinmulation in steps 55 to 37. In step 39,

- the redness index value or the blueness index value calculated in step 56

is subjected to three-di mensi onal mapping on a three-di mensional

orthogonal coqrdinate s steg% i.on satlsfylng t he
ed

desi r ed LSRG 6N 1HFCEN ST 1ﬁé§krﬁﬁﬁﬁép8%'ﬁﬁ§vﬁl efness i ndex. val ue
d tisf the.d d dit ted b

ot o1 Agiiotradry trarcyed .| "EREC TR 3%&%@%&&@ e in step 59
rovid t of di t f

Py eo it angoanar of feehng bBnkt PaC hi¥ W dleghri¥Pmatersal,,

boundary betWﬁ%%lhﬁeo%%@'ontﬁ%E'%ﬂﬂ'&k<ﬁ$ecﬁﬁ§l%%%fHﬂ“$§ﬂd¥‘Oﬁ%khe

rednes§ Pridex Value of thé blueness index 'val ue and the region not

sat |t ¥igthe desiuied coptiihon ius exprgssed it nuwy salid or i a based

on data o ined in step S11 after the 3D fitting. "For exanpl e,

pr edet erppned Hyal lZ%% Qas%@e BOuRIRY 1318 BTRREE iaNth:d dur Vethesur f ace
approxi mating to the boundary between the region satisfying the desired

condi t izpp-0f skhe chadressnl BAEX Al W&aaiplid)e 43 ueness drrdede altert and t he
regi on not satisfying the desired condition is expressed by a nunerical

f or mul #rbaseehoen thegrextr agtedMalqies.nds:a deesny) ,t ke Irldginon Gat sfyi ng
the desired condition of the redness i ndex value or the bl ueness index
val ue ean beueteri(aed-doped Aisericesidf (@PdEssialgusireps described above

may i nclude appropriate coordinate transformati on and i nverse
transf dopeid ainc oxide {AZO), and gallium (Ga)-doped zinc oxide
(GZO; .

The refractive-indék of tﬁe'high refractive index layer
included in the multilayer film is preferably in the range
of 1.7 or more to 2.6 or less, more preferably 1.8 or more
to 2.6 or less, and even more preferably 1.9 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 refractive index layer is a layer containing, as a
main component, a metal oxide, for example. In some cases,
the metal oxide used here is preferably to be other than
zinc oxide from the viewpoint of reiaxing stresses in the

layer and suppressing the occurrence of cracks. 1In

particular, at least one selected from among a group
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~The region satisfying the desired condition of the redness index value or
t he bl ueness i ndex value for the optical filmthicknesses x and y and the
geonetrical filmthickness z will be described in nore detail bel ow.
Preferabl e ranges of the redness index value and the bl ueness index val ue
are first described. (Preferable Range of Redness |Index Val ue: 0.258 or
Smal | er) Figs. 16A and 162 are plots to explain the conbination of
filmthi cknesses when the redness index value is in the preferable range
with respect to (x, y, z). In Figs. 16A and 16B, x represents the optical
filmthickness of the high refractive index |layer as the first |ayer, y
repres%?%ﬁuggﬁ opLi g3l blagkhi ekpess Qe Begh SaHACt itye dandex | ayer
hi'r er, and ¢ th

as the yer z represents the geonetrical filmthickness of the
metal Layer (@sgthe saeandn axefibyxiHy)s e :tmtla_%rilu)h apflded Lo Figs. 17A

to Fig. 2IB, which arereferred-to in'the followng description. Fig. 16A

i1 ustrates Lhe Siugulbat i an shesuld, \Mier dshe f efleeeliighg dederctisref ormed on
t he shaped ltayer such that the redness index value is held in the

pref er ablexr anger ardplkiegerk®Byi lllousin atresdrie asidril2at inan dreswsts,bef ore
the 3D fitting when tﬁe reflecting layer is fornmed on the shaped | ayer
such t hatret heoredaesy lndex wal u@res diel d 0on rivhe rpriefser,aknel rearge. A
curved surface illustrated in Fig. 16A represents a set of points at which
t he redness predexaralyua 0t ake® 0268 faord &dcmrconbilestsi-on I6f the y, z), and
it provides an interface boundary between the regi on where the redness

i ndex Vallme tihd ckmetsise ipr ékesalthenr digerand hehd iobgivef navdrie e Hedegdness

i ndex value is not in the preferable range. A region expressed by the
f ol | owilagefrorimul@rel prits tderiefdetaddd on tifd epdilig: -t h&in &biest on the
“boundary illustrated in Fig. 16A: : _ ,

other hand, if the fllm thickness exceeds 120 nm, the high

refractive index layer is more apt to reduce transmittance
and to cause cracking.

Fig. b iilustrates cne example of layer structure of
the reflecting layer 3. The following description is made
on an assumption that stacked layers are called a first
layer, a second layer, and a third layer in order from the
emergent surface side of the reflecting layer 3. The first
layer and the third iayer are each a high refractive index
layer containing, e.g., GRZC as a main component and are
formed in film thicknesses substantially equal tc each other.
The difference in film thickness between the first layer and
the third layer is preferably 10% or less, more preferably

% or less, and even more preferably 3% or less with respect
to the film thickness of the counterpart (comparison target)

of those two layers. The second layer is a metal layer

containing, e.g., AgNdCu as a main component.

- 57 -



Z < 12.1 exp{ ( x-120 )2 120 1 (y-2 2 145.172 123.14) Thus, the region
expressed by the formula (1) provides the region where the redness index
value is in the preferable range for the conbination of filmthicknesses
(x, y, z) of the reflecting |ayer. (Preferable Range of Bl ueness | ndex
Val ue: 0.210 or Snaller) S

The iayer structure offﬁﬁé Qéiﬁﬁéﬁ;éyézfé'is not
limited to that illustrated in E’lgSF:LgS 68 to 6F
illustrate otﬁer"eXamplesrof‘the layer structure of the
reflecting layer 3. Fig. A illustrates an example in which
the high refractive index layer as the first'layer is a
layer containing Nb;0O; as a main component, and the metal
layer as the second layer is a layer containing AgBi as a
main component.

Ls another example, each high refractive index layer
may have a multilayer_structure that twe or more layers
having different refractive indexes are stacked. Figs. 6B
to 6E illustrate examples of the reflecting layer 3 in which
thé high refractive index layer has a multilayer structure.
In the example illusfrated in Fig. 6B, the high refractive
index layer as the third layer has a multilayer structure
that a layer containing GAZC as a main component and a layer
containing Nb;Os as a main component are stacked. In the
example illustrated in Fig. 6C, the high iefractive index
layer as the third layer has a multilayer structure that a
layer contéining'GAZO as a main componeni, a layer
containing Nby0Os as a main component, and a layer containing
GAZC és a main comporient are successively stacked. 1In the
example illustrated in Fig. 6D, each of the high refractive
index layers as the first layer and the third layer has a

multilayer structure that a layer containing GAZC as a main



Figs. 17A and 17B are plots to explain the conbination of filmthi cknesses
when the bl ueness index value i's in the preferable range with respect to

(x, y, z). Fig. 17A illustrates the simulation result when the reflecting
| ayer is fornmed on the shaped | ayer such that the blueness index value is
held in the preferable range, and Fig. 17B-illustrates the sinulation

result before the 3D fitting when the reflecting layer is fornmed on the
shaped | ayer such that the blueness index value is held in the preferable
range. Here, the sinulation for the blueness index value is perforned

by Ui igefoXncYe Shaoblalied. Lioudhaporonsl afe £9arel nadediapstor mati on

H made o that the ¢ Rate tTan rmation IS

-_Synbol% %|E¥a%§@ress%g.Q He bt lg 14hust@%%edyqn2kjbs hel,dinEl gs. 17A:§nd

1713 ilTustrate the sinu Stion result in terms of X, Z) This is
S'”‘la%&%haQQEE%@tH%th%%exl%%y%&da%g%%eaEQI%&gﬂay%%Ah%%da213 which are

referredto in the follow ng déscription. Such coordinate transfornmation

is perfenredfen tsm%u@tﬁﬁ%se;h@ft 8A3 a8 rC YMRAIEISAMMINDOL hes si md ad i on
result for thé redness index value, and is not inportant to the concept of

the presgplonteehneldogy 1 aher Haataiedsen Grdet aid @ af itheorpooreditnat e
transformati on H are not descri bed here. A curved surface illustrated

in Fi gark/Ateepeesennst ahsethioh peifitastdiveniinctext e eruerses$ha ndex val ue
takes 0.210 for each combination of (X, Y, Z), and it provides an

i nt er f ate rdolsgery haet weern lithd avegi e rwitene d sl gedeg®r ndex value is in
the preferable range and the region where the blueness index value is not

i n t he qonefemndloe GR&ge.s a main component, a layer containing Nb;Os

as a main componént, and a layer containing GAZO as a main
component are sucqessively stacked.-

Individual films constituting the multilayer film are
not limited to thin films made of inorganic materials, and
the multilayer film may be formed by étacking 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 ¢f, e.g., Ti and having a
thickness of about several nanometers may be formed at the
interface betﬁeen the formed optical transparent layer and
the adjacent layer for the purpcse of preventing oxidation
degradation of a metal in the underlying layer when the
optical transparent layer is formed. Herein, the term
"buffer layer"” implies a layer that is self-oxidized to
suppress oxidation of e.g., a metal layer as an underlying
layer when an overlying layer is formed.

(Suppression of Change in Color Tone)
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A region expressed by the follomﬁng formula (2) interms of (X, y, z) is’

derived based on the points, which exist on the boundary illustrated in
Fig. 17A, through the inverse transformation H1 made on (X Y, 2): <
12.2exp{ 1 (X-Y )2 1 (0.79(x+y)-120)21 4 62.71) 299.41 Thus, the

region expressed by the fornula (2) provides the region where the bl ueness
index value is in the preferable range for the conbination of film
t hi cknesses (x, y, z) of the reflecting |ayer. Next, nore preferable
ranges of the redness index value and the bl ueness index value are

described. r(Mye Brgberable Fange.of BednessbAdsro¥al UehaRago9sor -

Smal | er) 8 are ts to exp i nati on of

film thigknesses W@e%u%g%e%%@?§%§’squg gv%hugnb%f Raihe wee preferable

range Vi th respect | lustrates the sinulation
reSU|tr@%%%s%%%sr%fb%QBEngoh Yek.y., redness or blueness, and by

- forming a multilayer film so as to satisfy tﬁe set index
value. Herein, a redness index and a blueness index are
empiofed to set the index value representing the color tone.

The redness index provide§ an index value for
determinihg whether the transmitted light appears reddish.
The redness'index value is calculated by dividing a value,
which is resulted from. integrating the product of.a light
source spectrum, a refiectance, and a luminosity factor
(visual sensitivity) in the-Wavelength range of 620 nm to
750 nm, by a ﬁélue resulted from integrating the product of
& light source spéctrum and a visual sensitivity.

The redness index value is preferably 0.258 cor smaller,
mere preferably 0.250 or smaller, ahd even more preferably
0.20C or smaller. When the redness‘index value is 0.200 or
smaller, redness is-not displeasing regardiess of external
environments. When the redness index value is larger than
0.200 and not larger than 0.250, redness is hardly
displeasing. When the iédness indexkvalue is larger than
0.250 and not larger than 0.258, redness is not so sensibly
displeasing though depending on outdoor brightness. On the
other hand, if the redness index value is larger than 0.258

and not iarger than 0.299, the transmitted light tends to
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is formed on the shaped | ayer such that the redness index value is held in
the nore preferable range, and Fig. 18B illustrates the sinmulation result
before the 3D fitting when the reflecting |layer is forned on the shaped

| ayer such that the redness index value is held in the nore preferable
range. A curved surface illustrated in Fig. 18A represents a set of
points at which the redness index val ue takes 0.250 for each conbination
of (x, y, z), and it provides an interface boundary between the region
where the redness index value is in the nore preferable range and the

091 0n HIgLe g Lediess Jdgx (aLue s ol i he e dinafer able range.

A regloﬁgexpresse OW ng Formul a I's derived based on the
poi nts.tha dary jil g0 Al x-120"2 1 it
y- 120 54 .tf?.%f‘%%%z?@d%% Vgg%%f-%syl Ao £ 2d1%79@57)thj€8

transmitted light tends to appear reddish deeply in the
particular angle direction.

The blueness index provides an index value for
determining whether the transmitted light appears bluish.
Similarly to the redness index value, the blueness index
value is calculated by dividing a value, which is resulted
from integrating the product of a light source spectrum, a
reflectance, and a visual sensitivity {luminosity factor) in
the wavelength range of 620 nm to 750 nm, by & value
resulted from integrating the product.of a light source
spectfum and a visual sensitivity.

The blueness index value is preferably 0.210 or smaller,
more preferably 0.200 or smaller, and even more preferably
0.17C or émaller. When the blueness index value is 0.170 or
smaller, blueness is not displeasing regardliess of external
environments. When the blueness index value 1s larger than
0.170 and not larger fhan 0.200, blueness is hardly
displeasing. When the blueness index value 1s larger than
0.200 and ﬁot larger than 0.210, blueness is not so sensibly
displeasing though depending on outdcor brightness. On the
ofher hand, if the blueness index value is larger than 0.210

. and not larger than 0.219, the transmitted light tends to

appear somewhat bluish in a particular angle direction. If
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ThUs, the region expressed by the fornulaf(Sf provi des the region where
the redness index value is in the nore preferable range for the

conbi n
Prefer

bl uene
y, z).

|l ayer is formed on the shaped | ayer such that the blueness index value is -

hel d i
resul t
shaped
pref er

the re
and th
prefer
terns

bounda
made o

ation of filmthicknesses (x, y, z) of the reflecting |ayer.

(More

abl e Range of Bl ueness.lndex Value: 0.200 or Snaller) Figs. 19A

~and 193 are plots to explain the conbination of filmthicknesses when the

ss i.ndex value is'in the nore preferable range wth respect to (Xx,
Fig. 19A illustrates the sinmulation result when the reflecting

n the nore preferable range, and Fig. 19B illustrates the sinulation
thef blaenkre s3pnHekt VAgURheRs tUF 9eeT Itéed Ng 4dyerti®s forned on the

| ayer such that the bl-ueness index val ue eld in the nore

_ ] is

appespanged 119htatenfvedos @PPScE DS S668 7 1B $1e19A represents
a set of points at which the hlueness index value takes 0.200 for each
combi nREToA CELaEXangLezA1rg&qE 59" \provi des an i nterface boundary between

ion where th lLueness .index value is in the nore preferable
gFFQSF&ﬁnwﬁgrép?ﬁgagl3&&3@5 index value is not in the nore

a0l 0 BR09% gn, qngrhSTLENEXRT 538 YL

of (x;'¥: based 6n"t

range

-0l | ow . rul 4) i
0|Esggg&h?§LQgQﬁgéggnatge) '

el byt 63 nEkonl 9 Y 4 e dinver sl aRshesy on 111

n

description is made,'by way of example, in connection with
the case where each of the structures constituting the
concave-convex surface has a prism-like shape with a slope
angle of 45°. As illustrated in Fig. 7A, part of a near
infrared ray Ll in the sunlight entering the optical film 1
is ‘directionally reflected toward the sky in a substantially
reversed relation to the direction of the incident light.

On the other hand, visible light L; passes through the
obtical film 1.

Further, as illustrated in Fig. 7B, the light entering
the optical film 1 aﬁd reflected by the reflecting surface
of the reflecting layer 3 is separated intoc a component I
reflected toward the sky and a component Ly not reflected
toward the sky at a proportion depending on the.incident
angle. The component Ly not reflected toward the sky is
totally reflected at the interface between the second
é?tical layer 5 and air and is then finally reflected in a
direction differing from the incident direction.

Given that the light incident angle is 6, the refractive



< 11.8expf 1 (x-"2(0.70110)21...(4) 4 6L22) 297Md Thus, the region
expressed by the fornula (4) provides the regi on where the bl ueness index
value is in the nore preferable range for the conbination of film

t hi cknesses (x,.y, z) of the reflecting |ayer. Next, especially
preferabl e ranges of the redness index value and the bl ueness index val ue
are descri bed. (Especially Preferable Range of Redness | ndex Val ue: 0.200
or Smaller) Figs. 20A and 203 are plots to explain the conbination
of filmthicknesses when the redness index value is in the especially
preferable range wth respect to (x, y, z). Fig. 20Aillustrates the

si nul atiingte® esulthanserorie opaicadt ih@g’aray%rlﬁ 3f GAfed6n the shaped | ayer
such that the redness index value is held in the especially preferable
range, I&fdertgncroefi thgstedlestiRg didMatatd o resd tprl‘?é’rod%/‘:elOt“n3’l 3D
fitting when the reflecting layer is formed on the shaped |ayer such that
the re@fedds M@ﬁ@ﬁﬁaFﬁglﬁ§%ﬁgl&OFﬁ“¥ﬁ%Hég§eEFEPI§eBP8Fgrg8Ig¥?ange. A

d f il trated in, Fig. 20A t of Nt t which
Che. rodRBsy FREHE G2 ERREE 0 260 o B eohBPhd Cor kS, 2)  and

it provides %n(gﬂterface boundary between the region where the redness
i ndex varde®s M “the especial |y preferable range and the region where the

redness indﬁx=vqggg(h§ nog.;n+tg83?§gegigl;ytgﬁgggrgbéq)nange.
(si.n(45 - 8') + cos(45 - §')) x R? (7
where &' = sin™ (sind/n)

As the_propoftibn of the component Iy not reflected
toward the sky increases, fhe proportion at which the
incident light is reflected toward the sky decreases.
Contriving or improving the shape of the reflecting layer 3,
i.e., the shape of the structure 4c of the first optical
layer 4, is effective in increasing the proportion of the
component reflected toward the sky. .To increase the-
proporticon of the upward reflection, the structure 4c
preferably has, for example, the lenticular shape
illustrated in Fig. 3C or the asymmetrical shape illustrated
in'Figs. 4A and 4B. With the structure 4c¢ having such a
shape, the light‘entering building window members, etc. from
the sky {upward direction) can be reflected at a larger
proportion to the sky (upward direction) even though the
light is not reflected in exactly the same direction as the
incident light. In the case of the two shapes illustrated

in Fig. 3C and Figs. 4A and 4B, the incident light can be
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A region expressed by the followi ng formula (5) is derived based on the

points that exist on the boundary illustrated in Fig. 20A: x-120y-120 )
2}(5) Z < 9.70 exp t- 21 ( k 147.1392 ( 121.942 Thus, the region

expressed by the formula (5) provides the region where the redness index
value is in the especially preferable range for the conblnatlon of film
t hi cknesses (x y, z) of the reflectlng Iayer

returned to the sky affer being reflected once by the
reflecting layer 3, as illustrated in Figs. 8A and 8B, and
hence the reflected component can be finally obtained in a
larger amount than that obtained in the case of thé shape,
illustrated in Figs. 7A and 73, where the incident light is
reflected twice ({(or three or morertimes). Given that the
reflectance of the reflecting layer 3 at a certain
wavelength is 80%, for example, when the incident light is
returned to‘the sky after being reflected twice, the upward
reflectance is theoretically 64%. However, when the
incident light is returned to the sky after being reflected .
once, the upward reflectance is theoretically B80%.

Figs. 9A and 9B illustrate the relaticnship ameong a
ridgeline 13 of the pillar-like structure 4c, the incident
light L, and the reflected light I,. It is preferable that,
of the light L entering the incident surface 51 at an
incident angle (0, ¢), the optical film 1 selectivély
directionally reflects the light L: in the specific
wavelength band in a direction (8, =¢) (0° < 6 < 90°) while
transmitting the light L, other than the specific wavelength
band therethrough. By satisfying that relationship, the
optical film 1 can reflect the light in the specific
wavelength band toward_the sky. Herein, 8 is an angle
formed by'a perpendicular line 1l; with respect to the

incident surface S1 and the incident light L or the
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(Especially Preferable Range of Blueness Index Value: 0.170 or Smaller)
Figs. 21A and 213 are plots to explain the conbination of filmthicknesses
when the bl ueness index value is in the especially preferable range with
respect to (x, y, z). Fig. 21A illustrates the sinmulation result when the
- reflecting layer is fornmed on the shaped | ayer such that the blueness

- index.value is held in the especially preferable range, and Fig. 213.
illustrates the sinulation result before the 3D fitting when the
reflecting |ayer is forned on t he shaped | ayer such that the bl ueness

i ndex value is held in the especi referable ran A d

E:Jrfacéelfllﬁﬁ§ﬁﬁiatléaht nlEi g. AJE X r plr%s‘%h f %Fe%ojrlﬁtgh%t wﬁmet he
ueness i ndex val ue takes 170 .for ch c n of , dit

provi dé&Cane it EFFAEESDhS nH&f 3&Pﬁ€én t-RE ég.% ere %gh%guenessapndex

val ue is !%ﬁgggggggec'a'gg?grﬁﬁgggeifaééfg ;Qgrageug egign uherg the

bl uened® it ne s ot espeC|a pr ef érabl e f ange. A
regi on _express e fo r A
deri ved“ F%?@&n% IeééaﬁéP fk%ﬁngOE%ggﬁég gﬁgtﬁgC%§Un aryg%ﬁlﬁgffgzehsln

glgz Z%Ae %&%%%Qeﬁhﬁlgﬂ%eﬁﬁetgr@HéfQﬁgg&eﬁﬂ Eﬁffaﬁ@dglgn fAhrtNerd) : Z
an angle @ rotated clockwise from the perpendicular line 14
as a reference is defined as "+0", and an angle © roteted
counterclockwise from the perpendicular line 1; is defined
as "-0". An angle ¢ rotated clockwise from the linear line
1, as a reference is defined as "+¢", and an angle ¢ rotated
counterclockwise from the linear line 1, is defined as "-¢".
[Apparatus for Manufacturing Optical Film]

Fig. 10 is a schematic view illusfrating one example of
construction of an apparatus for manufacturing the optical
film aceording to the first embodiment of the present
technology. As illustrated in Fig. 10, the manufacturing
apparetus includes laﬁinating rolls 41 and 42, a guide roll
43, a coating device 45, and an irradiation device 46.

The-laminating rolls 41 and 42 are arranged to be able
,to nip a reflecting-layer affixed optical layer 9 and the
second base 5a therebetween. The reflecting-layer affixed
optical layer 9 is a layer obtained by forming the.
reflecting layer 3 on one principal surface of the first
optical layer 4. The reflecting-layer affixed optical layer

9 may further include the first base 4a disposed on the
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72, (0.7(x -y)-1-5)2 1 (0.7(x+y)-110)2 ...(6) < 50.002134.16 , Thus;,

the region expressed by the fornula (6) provides the region where the

bl ueness index value is in the especially preferable range for the

conbi nation of filmthicknesses (x, y,. z) of the reflecting |ayer.

~In short, by setting the optical filmthickness x of the high refractive
index .| ayer as the first layer, the-optical filmthickness y of the high

refractive index layer as the third layer, and the geonetrical film

t hi ckness z of the netal layer so as to fall within one of the regions

descri bedabeve ndibe 1mil tidayet f ichm satdsf Wrg dehe 1988 ed £ondidt i on of
t he redness i ndex val ue or the bl ueness index val ue can be forned.

Generaldpposa thl ue-kased teel ohet @ae nefi gahe diefdeet edidrgt Jr aniides a cool
(or refreshing) feeling, and hence constraint conditions inposed on the

bl ue- baged resher-ttione 1layedesi B ifsrielat i el yhodanaise.ra@ed he ot her hand,

a red-based color tone of the reflected |ight provides an inpression

di st ur kiaagiphar, mehy irefdelarnny tilkvieespedts tfertrhel sur rrdndinkgs, and hence

constraint conditions inposed on the red-based color tone in design tend

to be peliatipelly ssefere. ofhithe the saboywes idescrigptarort i stnmaddid n connecti on

e first baseréa_is disposed on the other principal surface of
the first optical layer 4. The guide roll 43 is arranged in
-a conveying path inside the manufécturing apparatﬁs to be

- able to convey the thical film 1 having a belt-1like shape.
Materials of the laminating rolls 41 and 42 and the guide
roll 43 are not limited to particular ones. A metal such as
‘stainiess steel, rubber, silicone, etc. can be optiocnally
used, as appropriate, depending on the desired roll
characteristics.

The coating device 45 can be prepared as a device

- including & coating unit, such as a cocater. As the coater,
ordinary céaters including a gravure coater, a wire bar, and
a die can be optionally-used, as appropriate, in
consideration of physical properties of the resin
cohpositioh to be ccated, etc. The irradiation device 46 is

" a device for irradiating the resin composition with an
icnizing ray, e.g., an electron ray, an ultraviolet ray, a
visible ray, or.a gamma ray. In the illiustrated example, a

UV lamp emitting an ultraviolet ray is used as the

irradiation device 46.
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the case of deriving the region that satisfies the desired condition of
the redness index value or the blueness index value, it is also possible
to derive the region satisfying the desired condition of the redness i ndex
val ue and the region satisfying the desired condition of the blueness
index value, and to set a region satisfying both of those two conditions.
By setting such a region, an optical body providing the reflected light in
a neutral color tone can be designed. (Design of Optical Body. Providing
Refl ected Light in Neutral Col or Tone) The optical body providing

the reflected light in the neutral .col.or..t.one can be obtained b
pagculé#f%éoghgfr%&P&%a§§ﬁﬁgpﬁiﬁgtﬁﬁgldggﬁggd condition of the ?edness

i ndex val ue.and the regign_sati i i ondi.t | ) th

bl ueness i ndex VAR ?eaﬁg ?a%%%égg g?ogggﬁgggFﬁggngo?ﬂbtEg@%g%%ong. St at ed

anot herfi%ygc%)%%h%hx_}g%oo{th%oﬁi%lt hogy, Cafe e Adtaided-dyederiving a

regi on wher satisfies the followng fornmul"la (1) and the

fol I ovicRg:tanBU, A4k o GekerirRPHorl2(naly AAldbe dd)rdk, 145.17/2

10 to 13. Note that, in consideration of productivity, part
or the whole of a manufacturing process described below 1is
preferably performed in the roll-to-roll manner, as
illustrated in Fig. 10, except for a step of fabricating a
mold (or a diej).
First, as illustrated in Fig. 11A, a mold (or a die) 21

having the séme concave-convex shape as that of the
'étruétﬁ£és 4c, or~a mold (or a die) (replica) having a'shape
reversed to the concave-convex shape of the former mold
(die) is formed by, e.g., bite machining or laser machining.
Next, as iilustrated in Fig. 11B, the concave-convex shape
of the mold {(die) 21 is transferred to a resin material in
the form of a film by utilizing, e.g., & fusioﬁ extrusion
process or a transfer process. The transfer process can be
practiced, for example, by a method of pouring an energy-ray
curable resin into a mold and irradiating the poured resin
‘with an energy ray to cure the resin, or a method of
applying heat and/or pressure to a resin for transferring
the desired shape to the resin, or a method (laminating
transfer process) of supplying a resin film from a stock

roll and transferring the shape of a die to the resin film
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< 12.2exp{ 1 (x)2 1 (0.70(x+y) -120)2 --- 4 62.71299. 41(2) As a
matter of course, a region where (x, y, z) satisfies the follow ng formul a
(3) and the following formula (4) instead of the conbination of the
fornmulae (1) and (2) may be derived: (X-120)2 1 ( y-120)2}...(3)

-under application of heat. Through the above-described
steps, as illustrated in Fig. 11C, the first optical layer 4
having the stiuctures 4c on one principal_surface thereof is
formed.

Further, as illustrated in Fig. 11C, the first optical
layer 4 may be formed on the first base 4a. This case can
be practiced, for example, by a process of supplying the
first base 4a in the form of film from a stock roll, coating
an energy-ray curable resin on the first base 4a, pressing
the resin against a die to transfer the shape of the die to
the resin{ and irradiating the resin with an energy ray to
cure it. Preférably, the resin further contains a cross-
linking ageht. The reason 1s that the cross-linking agent
makes_the_resin heat-resistant without changing therstorage
modulus at the room temperature to & large extent.

Next, as illustrated in Fig. 122, the reflecting layer
3 is formed on the cne principal surface cf the first
optical layer 4. The reflecting layer 3 can be formed, for
example, by sputtering, evaporation, CVD {(Chemical Vapor
Deposition), dip coating, die coating, wet coating, or spray
coating. Preferably, a practical method of forming the
reflecting layer 3 is optionallyiselected from those film
formiﬁg methods depending on the shape of the structure 4c,
etc. Next, as illustrated in Fig. 12B, the reflecting layer

3 is subjected to annealing as indicated by 31, when



Z12.1 expf- 1 2 1 121.57)2 (107.57) Z < 11.8expf 1 (x-Y)2 4 61.22297.89
Alternatively, a region where (x, y, z) satisfies the following formula
(5) and the following fornmula (6) may be derived: ( x--120 )2 1 (
y--120 z : 9.70 exp{-

necessary. The temperature of the annealing is in the range
of, e.g., 100°C or higher to 250°C or lower.

"Next, as illustrated in Fig. 12C, a resin 22 in a not-
yet-cured state is coated over the reflecting layer 3. The
resin 22 may be, e.g., an energy-ray curable resin or a
thermosetting resin. The energy-ray curable resin usead here
is preferably an ultraviolet-ray curable resin. Next, as
illustrated in Fig. 13A, a laminate is formedAby placing the
"second base 5a over the resin 22. Next, as illustrated in

- Fig. 13B, the resin 22 is cured by applying, e.g., an energf
ray'or.heat.as indicated by 32, while.pressure is applied to
the laminate as indicated by 33. Examples of the energy ray
usable here include an electren ray, an ultraviolet ray, a
visible ray, and a gamma ray. The ultraviolet ray is more
prefeﬁable from the viewpoint of production equipment. |
Preferably, an integrated irradiation amount 1s selected, as
appropriate, in consideration of the curing characteristic
of the resin, suppression of yellowing of the resin and the
second base- a, etc. The pressure applied to the laminate
is preferably in the range of 0.0l.MPa or higher to 1 MPa or
lower. If the applied pressure is lower than 0.01 MPa, a
problem may coccur 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



U47.139) 2 k 121.942) J 1 (0.7(x+y)-110)2 --(6) Z 5_ 9. 72expf
(0.7(x-y)+5)2 50.00 2134.16 In addition to the above-descri bed
exanples, a region .where (X, y, z) satisfies one of the formulae (1), (3)
and (5) and one of the forrmulae (2), (4) and (6) may be derived. '
According to the first enbodi nent, the change in color tone can be
suppressed by determning the region(s) satisfying the desired conditions
of the redness index value and the blueness index value for the opti.cal
filmthickness x of the high refractive index layer as the first |ayer,
the optical filmthickness y of the .high refractive index |ayer as the
third kayge: randqat hg gegnetsicakhbi karbhickpessaz obythesmesal |ayer, and

by setting the filmthicCkness of the reflecting layer 3 such that the
opti calokinkm thi ekBessrxeeting layer 3 and the optical film 1 is
obtained. |
A method of forming the optical film 1 by using the
manufacturing apparatus, illustrated in Fig. 10, will be
described in more detail below. First, the second base 5a
is let out from a base supply roll (not shown), and the let-
out second base 5a is guided to pass uncder the coating
device 45.;;Nextﬁ;ah ionilzing-ray curable resin 44 is coated-
by the coating device 45 on the second base Sa passing un&er
the COatiﬂg device 45. Next, the second base 5a coated with
the ionizing-ray curéble iesin 44 is conveyed toward the
laminating rolls 41 and 42. On the other hand, the
reflecting-layer affixed optical layer 9 is let out from an
optical layer{supply roll {not shown) and is conveyed toward
the laminating rolls 41 and 4Z.
Next, the second base bHa and the reflecting-layer
- affixed optiéal layer 9, each having been conveyed as
described above, are sandwiched between the laminating rolls
41 and 42 without allowing bubbles to enter between the
second base 5a and the reflecting-layer affixed optical
layer 9, whereby the reflecting-layer affixed optical layer
9 is laminated on the second base 5a. Next, the second base
S5a including the laminated reflecting-layer affixed optical

layer ¢ is conveyed along an outer circumferential surface
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t he high refractiVe'!ndex Iayer'as the first layer, the optical film.
thickness y of the high refractive index layer as the third layer, and the
geonetrical filmthickness z of the netal layer fall within the determ ned

region(s). <Modifications> Modi fications of the first enbodi nent will
be described below. [First Mdification] Fig. 22A is a sectiona
viewillustrating a first nodification of the first enbodi nent of the

present technology. As illustrated in Fig. 22A, an optical film1l
according to the first nodification has an incident surface Si in a
concave- convex shape. The concave-convex shape of the incident surface Sl

and th%fCQHEaY§m§93¥§ﬁ%SP§P§ affl {he1ti 8t epthaahthayeretiare ibor med, for
exanpl e, such that both the concave-convex shapes correspond to each

ot her, ipaggk¥tsychnthabnpeshti-eny efirapeéx pestnond eftbonhexes and
positions of bottom portions of concaves are aligned between both the
concaveogQRYay shapesom TheeCcondaveéncandéxgshape sefotilebiamei dent surface 51
is preferably gentler than that of the first optical |ayer 4. [Second
Modi fi eakirebly curinbi ghe22Bniigiagseeyi onakbvirewesiinugt-at Ffgsa second
modi fication of the first enbodiment of the present technol ogy. As
i |l ust rasedti ntBegse22Bd kasepbecahdf the reflecting-layer af%éxed
optical‘layer 9 are affixed to each other with the ionizing-
ray curable resin 44 interposed therebetween, and the
'objective optical film 1 having a long size is fabricated.
Next;_the fabricated'belt;shaped optical film 1 isrtaken up
by é take—up roll.(not'shown). Eventually, a stock roll in
the rolled form of the belt-shaped optical film 1 is |
obtained. |
Given that the process temperature in the above-
described process of forming the second optical layer 5 is
t°C, the first optical layver 4 in the cured state preferably
has the storage modulus of 3 x 107 Pa or more at (t = 20)°C.
Herein, the process temperature t is, for example, the
heating temperature of the laminating roll 41. The first
optical layer 4 is conveyed, for example, in such a state
that the first optical layer 4 i1s formed on the first base
4a and is'conveyed along ﬁhe 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
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~according to the second nodification is fornmed such that apex portions of
convexes i'n the concave-convex shape of the first optical |ayer 4, on

whi ch the-reflecting layer 3 is formed, are substantially flush with the
i ncident surface 51 of the second optical layer 5. <2. Second Enbodi nent >
Figs. 23A to 26E illustrate exanples of configuration of optical filns
according to a second enbodi nent of the present technology. In the second
enbodi ment, conponents corresponding to those in the first enbodi nent are
denoted by the sanme synbols. The second enbodi nent differs fromthe first
enbodi nent in that structures 4c are two-dinensionally arrayed on one
principal ssyrfacep ofthesfdrst ppticad) t@yernd. cdheatwocehwensspmad array
is preferably a two-dinensional array in a closest-packed state. Such an

array ganthpcrgaserhhe dhsecki enal obefil-aat aRger can bAS pirlelviesitieat ed in
Figs. 23A and 23B, for exanple, pillar-like structures (pillars) 4c are

f or med reant he rereipei Ackpab swipflacatabrt e teest captictal dfayent4d in an
orthogonal array. In nore detail, first structures 4c arrayed side by side
in a finst pdieseatreon and second structures 4c arrayed side by side in a
second direction perpendicular to the first direction are forned such that
the first andrsieeondckérfictatespintetsésvenhitl prefanspérsbbyg pbAetrating

t hrough each other in a cruciformpattern. The illar-like structures 4c
are eashoaagenvexudpnsaodoicavaOhalengr kegs, ah %EFﬁar-Wik@-%ﬁﬁbe@ such as
a prismlike shape (Fig. 23A) or a lenticular shape (Fig. 233), or a shape
obt ai nedobyriwdi tyengpiicagexXigsy tti earoet 19d VN et iikeXdkdgded it o a

polygogal shape (e.g., a pentagonal sha%%g g@é%c;%xpilm'l can be

t the rcocom temperature. Hence,
fabricated( for example, b& using’the roll—to;roll
manufacturing-process;

In consideration of\the heat resistance of the resin
used as the optical layer or the base, the process

_ temperature t is preferably 200°C or lower. However, when a
resin having higher heat resistance is used, the process
temperature t can be set to 200°C or higher.

[Setting -of Filﬁ Thickness of Reflecting Layer]

As described above, the redness index value and the
blueness index value representing the reddish and bluish
color tones, respectively, are changed depending on the film
thicknesses of lavers in the multilayer film of the
reflecting layer 3. In the embodiment of the present
technology, therefore, the film thicknesses of the layers in
the multilayer film of the reflecting layer 3 are set so as

to satisfy the desired conditions of the redness index value

and the blueness index value with the film thicknesses of
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Further, a close-packed array, such as a quadrangul ar cl ose-packed array,
a delta cl ose-packed array, .or a hexagonal cl ose-packed array, my be
formed by two-di mensionally arraying the structures 4c, each having, e.g.,
a spherical shape or a corner cube shape, on the one principal surface of
the first optical layer 4 in a cl osest-packed state. In the quadrangul ar
cl ose-packed array, as illustrated in Figs. 24A to 240, for exanple, the
structures 4c each having a rectangular (e.g., square) bottom surface are
arrayed in a quadrangul ar cl osest-packed state, i.e., a matrix (lattice)
pattern. In the hexagonal cl ose-packed array, as illustrated in Figs. 25A
to 250;1,t0n ~gxaapke, thBenstituchyees 40 redeh niaviarg adkexagonal bottom
surface are arrayed in a hexagonal cl osest-packed state. In the delta

cl ose- packegrar faym esitkhuskeat ed tneFigger26fnande26d; tianyexanpl e, the
structures 4c (e.g., triangular pyram ds) each having a triangular bottom
sur f aceiame tar kayed fiyn taeCldesdstedpacked tdtoatse o fTHies tragotasse ideleixs a
convex or a concave having, e.g., a corner-cube, sem spherical

seni - elvhilpsoiadal +hpr bSmehicles, icyldndriloal cafr de- fodrbginsol,ydemal , coni cal
pyram dal, frusto-conical, or parabolic shape. The bottom surface of the
struct exemfd ei, s theogoh @i sduidrtien.i pMoge ePasdliigeddly,, ddch fasm
triangul ar, rectangul ar, hexagonal, or octagonal. Pitches El and P2 of the
struct rhesktesases prefbeaBlayess dat éde asldggesit dtidm dep&adiiffYon t he
desired optical characteristics. Wen the principal axis of the structure
4c is ithel ideed naidt konddpdens @ fa thenassdgsendinddarr a6'e i&q idisdent
surface of the.optical filml, the principal axi,s of the structure 4c is

pr ef er BBPNERE| ILASEX. 133119 SA%t Bh& S PG HGELSIE HFFRMITH & he
structures 4c are two-dinmensionally aryayed.. -Further n the optical

il m I S tERPRE@NS0 O \}ahr?do"«ﬁ%er?o‘%rl“t Vias Uy ragﬁﬁeﬁ&les A3y
vertically to the ground, the principal_.axis.,af .the st ture.4c is
prefer&ﬂ%é%f%#qﬁé%iﬁﬁmﬂﬁﬁg?c 1¥%e4%rﬁ} §%1§§n?%§%§f%ﬁ%§%%h%1he gr ound

side) w,th.respect to a |ine perpendicular to the w ndow nenber. In
the case™faHETstructure 4c having the corner cube shape, when a
ridgeline has a lar ur e, radi 1106 oSLEUCTW € 14C 1i.S, isef erabl y

i nclined to&ﬁrgh?h89§E§g£¥géf,%ngg%g& ghltheeotﬁér hand, f§§etﬁe pur pose
of suppLessing. wnerid, f efd 8Gtd o e e Std uctpue #cads preferably
inc|ingél?%ﬁb?&”?ﬁég§¥%ﬁﬁﬁ'§f§£. Because thé‘éinli%ﬁn is obliquely

i nci dent, on 4 Re 0PtiGaladiiddn  the dd:htyd s gy dio rd@asds tigidnner nost of
the structure, and the shape of the optical filmon the incident side is

i mpor t gt StAled rRNehhRn ey, i plen ddieud idgeldaeh hasl duie=ded gey cur vat ure
radius R, the amount of retroreflected light is reduced. Such a reduction

in the ampuati ef, =8t renafdraced dd gyt ioarl bel Isuppresisess Hyx iot|iid ng t he
structure 4c toward the sky. Further, in the case of the corner cube
shape, Hikg imdGentivd ghidd:s lusuat |as rete ofefdtectageaf ter being refl ected
by the reflecting surface three tines. However, sone part of the incident
| i ght igedmeakeddalo fdilneattiiorishetsher aharhe eetrat rioredt et iPre directi on
after being reflected twice. The | eaked light can be returned in a |arger
anount steaward ltzherskarsy amaip gl thelre orlnerkeame ¥ owardhe Hel 4 ound si de.
Thus, the structure 4c may be inclined in any desired direction depending
on t he Hfapetofre Hedsey Uty At Firl EHer pukdpone of EeRRI Bpt Foal L5 m

"optical film thickness" implies a film thickness resulting
from multiplying a geometrical f£ilm thickness by a
refractive index.

In the embodiment of the present technolegy, as

illustrated in Fig. 14, a direction perpendicular to a
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<3. Third Enbodi rent > Fig. 27A is a sectional view illustrating one
exanpl e of construction of an optical filmaccording to a third enbodi nent
of the present technology. In the third enbodi ment, the sane conponents as
those in the first enbodi ment are denoted by the sane synbol s and
description of those conponents is omtted here. The third enbodi nent
differs fromthe first enbodinent in that a plurality of individua

reflecting layers 3 inclined with respect to the |I|ight incident surface
are formed in the optical layer 2 and are arranged parallel to each other.
Fig. 27B is a perspective view illustrating one exanple of configuration

of stryebyegssderhoensd tRet beropti:eal dbayermefl thetbpt E¢abtfil m according
to the third enbodi ment of the present technology. The structures 4c are
each ipptheafiorayet a tri dagihad pil kae- khiekoervediegcendingfin one
direction, and the pillar-like structures 4c are arraéed side by_side in
one di eeehi DAyekr. én, tha audnéldiymensidmabfpabeerff1ACELBYsIS¥EEI 6n of the
structure 4c in a direction perpendicular to the extending direction of
t he stcuekurehdt hasanglg. ofatheghiopngl 64 rEpLangll dPesRapECTERE
reflecting layer 3 is formed on a sloped surface of the structure 4c,
whi ch #s wathi medpattaticatbeerangrapady s8TERCR- Pl MPPor ARy process t hat
has directionality, such as vapor deposition or sputterjng. 5 Accordi ng
t o t heophiicdleABo&irmént S Wheth%H?v%ﬁu%Ir?é?Fé@???gplg ers 3 Bf% ar r anged
paral-lel to each other in_the optical |ayer 2. .Therefore,..the_nupher of
r ef | ecbesHechy at Ke lFefPdEEPR§ S| dy e §h€aﬁlﬁché8&cggrpﬁngﬁﬁﬁgégsg% with
the case where the structure 4c is farned in.t. rner ,C P_ shape or the
. . @ L U . 4CUDG 3

prlsn}ﬁp?ep§ﬁ§6éPaﬁtSngﬁéﬁcg p&b?l I gﬁb‘%ﬁ%f%@sé%?ﬁ% re% ectance and to
reduce the amunt of Light alsqnhed Ry, he Sellacting lyene. <4 Fourth
| sloped surfacé of the structure 4c. For example, when the
angle y of the sloped surface of the structure 4c is. 54°, "A
~ 1.7B" is resulted.

One example of flow of processing to determine the film
thicknesses that satisfy the desired conditions of the
redness index value and the blueness index value will be
described with reference to a flowchart of Fig. 15. First,
conditiéns provided in steps S1 to 54 are set to perfcrm the
simulation when the film thicknesses of the layers in the
multilayer film of the reflecting layer 3 are changed. The
slope angle of the shape of the multilayer film is set in
step 81. The film thickness distribution in each layer of
the multilayer film is set in step S2. The refractive
indexes of the shaped layer (first optical layer 4) and the
embedding layer (second optical layer 5) are set in step S3.

The optical film thicknesses X and y and the gecmetrical
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A fourth enbodiment differs fromthe first enbodinment in that .an optica
film1 according to the forner directionally reflects light in a specific
wavel engt h band, while scattering |light other than the specific wavel ength
band. The optical film1l according to the fourth enbodi ment includes a

|l ight scatterer for scattering the incident light. The light scatterer is
di sposed, for exanple, in at |east one of positions on the surface of the
optical layer 2, inside the optical |ayer 2, and between the reflecting

| ayer 3 and the optical l|ayer 2. Preferably, the light scatterer is

di sposed in at | east one of positions between the reflecting |ayer 3 and
the fifstimophiickhekayer ade iinpude inheter St -optical |ayer 4, and on the
surface of the first optical layer 4. Wien the optical film1l is affixed
to a supporinsathras8Sa Wiadswnnbabeen if earLpEnadfpPzeddt 82ohBSof the

i ndoor side and the outdoor side of the support. Wien the optical film1l
i s af f iovedits onge S6it ddortePge Sit ke Bifght 18c&tedr 6P /f MesC&EPESSng t he

l'i ght other than the sgecific wavel ength band i.s prﬁferaﬁly %is osed only
bet weer b MEfLEc PFnGRRaPereRessd 1TNE*s Uppdft 18uch 58 1R Sni ﬁ&gM/nenber.
The reason is that if the light scatterer i%nﬁagzent bet ween _t he

ref | ectifg OPhy&R 13 T4nE the SKREEEET “sdffade §i PESETSRACH et | ecti on

characteristic is lost. Al so en the optical_ fil is affixed to the
i ndoor féila‘e,tlbtlﬁémleiséhtz's&’ o \@H’%"”i stD &Y 5reécbll§1§itse?o;sé4d bet ween t he

o Ie TR BER e P SETRIET L Gy EnEnBLLLae el gog,gt he
lchanged to vary the film thicknesses of the corresponding
layers. Then, thé redness index value or the blueness index
value at a certain film thickness of the metal layer is
calculated. In step S8, the geometrical film thickness z is
‘changed. Then,'the redness index value or the blueness
index value is calculated by repeating the simulation in
stebs S5 te 37.

. In step's9, the redness-index,value or the blueness
index ﬁalue galculated_ih step.S6 is subjected to three-
dimensional mapping on a three-dimensional orthogonal
coordinate system (x-y-z). In step S10, a region satisfying
the desired condition of the redness index value or the
blueness index value and a region not satisfying the desired
conditicn are sepérated by plotting boundary values.

Because the mapping performed in step S9 provides a set
of discrete data for each value of z, 3D (three—dimensional)
fitting is performed in step S11.

In step S12, a boundary between the region satisfying
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Fig. 28Ais a sectional viewillustrating a first exanple of construction
of the optical film21 according to the fourth enbodi nent of the present
technology. As illustrated in Fig. 28A, the first optical layer 4 includes
aresin and fine particles 11. The fine particles 11 have a refractive
index differing fromthat of the resin, which is a main conponent nateri al
of the first optical l|ayer 4. For exanple, at |east one kind of organic
fine particles and inorganic fine particles can be used as the fine
particles 11. The fine particles 11 may be hollow fine particles. Exanples

of thet%!”%e%% LEkCkg {1o%cb%d$h'”9%%%%%% iR P d@ %§~%EQP of, e.g.,

silica or alumna, an organi ¢ fine particlés made of, g., styrene
acryl, patefeeePehyRRr +af ykhe ntormer %egA%ﬁnglotth%%%l ge% neSilica fine
partlcles are particularly preferable. 283 1s a sectlonaI_V|ew

i1l ust yakiiRgdaceaeerd cexarpkepetseansh %th%&eQﬁc%hef@@ﬂdI@ vialsled 1
according to the fourth enbodiment of fthe present technology. As

i1l ust pat @dtbnobitgin283int @@egptanabfftlelrnhhef Bt ek dingl udesra i ght

diffusion layer 12 on the surface of the first optical layer 4. The |ight

di f f usiesampbayer pt2denelridesd franuexampl &heabbesidagna i rRetparicel es. The

fine particles can be nmade of the sanme materials as those used in the

above- andescrubeddf custtaexaapbeoximatingi go 28€ ibsuadsect benalean ew

illustrating a third exanple of construction of the optical film1l

accor dicthg tredgtthe Beurnslivenbotdheedesafretheopdesernn todchhel ogylneAs

illustrated in Fig. 28C, the optical film1 further includes a |ight

di f f usilodekayedug2obetiheehlthaceef ladekngalayperngl dhe tiegifinr sotopti cal

| ayer 4. The light diffusion layer 12 includes, for exanple, a resin and

fine pﬁﬁﬁ#§¢§§ﬂ9Tﬁéefﬁﬁélﬁﬁﬁtpépéétéﬁﬁ BE RE®EcoBechdYs amBUFerécedl s as

those used in the above-described-first _exanple. - According to the

fourthféﬁﬁééﬁnéﬁﬁelenl§h60§§F5ﬁ€t?§ JPL8EEI-ondlsl ¢ reredt the Iight in

- the specific maveI% gth bg g an infrared ray, and to scatter the
light 6FHeP"t Fiaﬁlt‘5 ET8Fetfi Ele\ﬁ/é @Pleﬁapﬁ‘lﬁéﬁ& of. ghe \¥|e§1n6|5§ FHgRE  Hence,

o SuB e B E7SERh 500, Db stk m 1 kg

A series of proce851ng steps described above may
include appropriate coordinate transformation and inverse
transformation.

The region satisfying the desired condition of the
redness index value or the blueness incdex value fcor the
optical film thicknesses x and y and the geometrical film
thickness z will be described in more detail below.
Preferable ranges of the redness index value and the
blueness index value are first described.

(Preferable Range of Redness Index Value: 0.258 or Smaller)

Figs. 1¢A and 16B are plots tec explain the combination
of film thicknesses when the redness index value is in the

preferable range nith\respect to (%, vy, z}. In Figs. leA

- 76 -



Fig. 29A is a sectional view illustrating one exanple of construction of
an optical film1l according to a fifth enbodi nent of the present
technology. In the fifth enbodi nent, the sane conponents as to those in
the first enbodi ment are denoted by the sane synbol s and descri ption of

t hose conponents is omtted here. The optical film1 according to the
fifth enbodiment differs fromthe first enbodinment in that, as illustrated
in Fig. 29A, a concave- convex surface of an optical |layer 2a is not
enbedded with a resin material and the reflecting layer 3 formed on the
concave-convex surface of the optical l|ayer 2a_.is exposed. The optical
film 1amgs 1§Beofc APEIEHNES ithe @it o fidde $inigiaificied itgit Pighy., the
sunlight, is incident, and an energent, surface S2 from which art of t he

i nci deﬁteflfra@?ﬁtlv@ntléﬁeﬁg leet AS dém LRFace YT e nk rifds &%
Pﬁzfﬁgé%gro gh %E%loﬁtli%@ﬁ%%ggiéﬂﬁ%ﬁuﬁﬂbThe ogtlcal f%%%%%ggﬁy further
t I T | film1l th | ud ffi

Byer - EhEna Ty rﬁ@raﬁf&r‘fﬁ PRk R i g gg“r@gfo%éetr@ﬁeaﬁeﬁfe?lgeﬁt Lﬁl?gce s2

f th t I 2 th b t.i I dth
gase 26 k%%g nﬁ%gEg?ggg&’ n e §It§fofﬁn%§§9055ﬂ%g ?Yﬁﬁr oﬁtrcal ©
Layer 480008 LSl fase ﬁqu tlhz%, fid s odi meps ddesprd bed above.

. 2 5 ustr at |

Fig s a Vi ew’i I ng exanmple in ch the optica

fi Inra r e fif t I
It %%eQE%% ghegg' el 1y, 191 qng?{ustrateéhnﬁﬂpre%%' ‘ehnol ogy is

afflxe to an a rend 10a. As in Fig B, the energent

surface 192 50f-stthe opld Galmfilimoh i fifd X@thn fiafe MG 1P theadher end
10a with the affixing. layer 6 interposed therebetween. The ‘adherent 10a is

preferall ¥orged ord MM GOWIRME e 18 MM itk (Shade)s ihded |ing
screen, or a pleated screen.

value is held in the preferable range, and Fig. 16B
illustrates the simulation result before the 3D fitting when
the feflecting layer is formed on the shaped layer such that
the redness index value is held in the preferable range. -

A curved surface illustrated in Fig. 16A represents a
set of points at which the redness index wvalue takes 0.258
for each cémbination~of (x, vy, z), and it provides an
interface boundary\between the region where the redness
index value is in the preferable range and the region where
the redness index value i1s not in the preferable range.

A region expressed by the following formula (1) is
- derived based on the points that exist on fhe boundary

illustrated in Fig. 16A:
1 (z—120\2 1 (y—120Y2y
z < 12.1exp{-3 (E=37) -3 (123.14) pow

Thus, the region expressed by the formula (1) provides
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According to the fifth enbodi nent, since the incident surface Si is

provi ded by the concave-convex surface of the optical |ayer 2a on which
the reflecting layer 3 is formed, part of the incident light is scattered
by the incident surface SI, while part of the not-scattered |ight passes

t hrough the optical film11l. It is therefore possible to provide the
optical film1l, which can nmake people feel brightness with the incident

| i ght passing through the optical film but which is opaque. The opti cal
film1 having such a characteristic can be suitably applied to an interior
menber, an exterior nenber, and a sol ar shadi ng menber, such as the w ndow
menber theheegiiedowhisiriendhet ednsiss dgdser @dueori st H@ pihgat ed screen, when
protection of privacy is necessary. <6. Sixth Enbodi nent> Fig. 30 is
a sect Prdlerebdw raNgst Ko i coveTE A 1O oo fe dis i det!icdms5tSSan @t i cal
film1l according to a sixth enbodi nent' of,the Present technol ogy. The

si xth &mbédi Rénthg FRéESCied tY9¢/SMirst enbodi ment in that the former

cl cant {5 BT FEED 1P RTS8 P o BB QO Gl 4R O Ao STl m 1 on
Sur fa0b 52 EhEPeot /uiin 6HeorS BEPraod°s BPhe AaEront L TRELICE

amp 61 FoD Bl heTas a0 PhaTphoryeaeay Sy bl A hove,
Lnor ot RF SO0 ="Wiok “THE Gartea AT 10 8 Usdd cl doarS or Fh & di 1ty room

for exam%»c i-ght s, %gﬂﬁhtl%&a%ﬂﬁ%stuqtdwhte@%ed usteiadhering 4.4 he
eo p 1Im1l,

surfac the optical ereby transmssivity and reflectivity are
llost. Therefare, ohh?_h%u-rsfh%?fécpflatf& opidrcain il 1tRel HisadHeafLriabiak optical ly

transparent at all tines. I'n other words, it is preferable that the
surfaceaafuet he @RbiCah fhlemph-dre SRS i-Gndd) ther walgr -1apel | ent or

hydrophilic property, for exanple, and it can automatically devel op the

56|f'CHQQ@EﬁQaQ%%e%he simulation result before the 3D fitting when
the reflecting layer is formed on the shaped layer such ﬁhar
the blueness index value is held in the préferable range.

Here, the simqlation for. the blueness index value is

performed by using (¥, Y, Z) obtained through appropriate
coordinate transformation E made on (x, y; z}. Given that
the coordinate transformation is symbolically expressed by H,
(X, ¥, 2) = H(x, y, z) is held. Figs. 17A and 17B
illustrate the simulation result in terms of (X, ¥, Z).
This is similarly applied to Figs. 19A and 19B and Figs. 21A
and 21B, which are referred to in the following description.
Such coordinate transformation is performed for the purpocse
of easier comparison with the simulation result for the

redness index value, and is not important to the concept of

the present technology. For that reason, details of the
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According to the sixth enbodi nent, since the optical film1 includes the
sel f-cleaning effect |layer 51, the water-repellent or hydrophilic
property, for exanple, can be given to the incident surface. Hence, it is
possi ble to suppress dirt and dust from adhering to the incident surface
and to suppress degradation of the directional reflection characteristic.
<7. Sevent h Enbodi nent > VWhile the first enbodi nent has been descri bed
above, by way of exanple, in connection with case of applying the present
technol ogy to, e.g., the w ndow nenber, enbodi ments of the present
technology are not |limted to the above-described application and can be

f ur t herccapplined et ¢ reasifousa tritaer iHora ren dadx tdgasiasr $. etc. other than
the wi ndow nenber. Stated another way, the optical filmaccording to the
enbodi ment &f cuhewegr esehnceedhhobtggties appFildabllé?t §SREESERIEY Ri xedl y
installed interior and exterior nenbers, such as walls and roofs, but also
to a degtcefcapdbite ot adiedt ithe M uarant Shehdaihsmiaed -did or
reflected sunlight by nmoving an _interior or external nenber dependi ng on
change< a9t avbuReTSr Ngfd SBumG git, Wwhidh &% dduddPWH e shift of

seasons and the el apse of tinme, etc., and taking the adjusted anount of
the suiTGHEaGR AR GRRdo S W5Re, F It Fo91Ph ‘“gbe&gen:]%ee Weit , one

exanpl e of such a devi.ce s describ i n._connect wi t h .a _sol,ar.. shadi ng
devi ce 11%%% H& 16 hoof-Ta t\ﬂ%@dﬁﬁ%ﬁaﬁ%eorraé}%%aa e‘% Otglaepa{:bﬁ l%o ah%ruesti ng a

degree ,at i.ch a gr.oup made up .of pl.ur. al ﬁn%QI qggﬁﬁgs cuts off
t he iné?‘eggqﬁﬁﬁ?, B e@h&ﬁ%ﬁﬁgjéhrgﬁbﬁglo f%ﬁ%?so aﬁﬂ%%a I g menber
group. Lg. .31 1 [;Specti.ve Ay ;L ustrat.hng ene ;gxanpl e of
constructio% gFgéoﬁjﬁgéagﬁggﬁdB s%géef%%gyw%% orgfﬁg to(tgelseventh
entodi gept, Of present jtechnolagy pAsd | dSiHAted i Fighi 31, the
w ndow |nsdO Og%gsygngne§§ﬁple of the solar shadﬁﬁg'devicejincludes a
head by ;203,52 HeAlh BQiMf SOl 1afs Shadidg drerker groUMh RAZHBde: up of
plural slats (blades) 202a, and a bottomrail 204. The head box 203 is
di sposeg@have the sHamagrieup 202nsadecdp (f thezptural slats 202a. Ladder
chords 206 and rise-and-fall chords 205 are exten%;d downward fromthe
head box 203, and 2 AL oL g
! 1 ( z—y 1 0.70(z4y)—120
z < 12.2exp{-1 (62.71) "2 ( 99 .41 j oo

Thus, the region expressed by the formula (2) provides
the region where the blueness index value 1is in the
preferable range for the combination of film thicknesses (x,
y, z) of the reflecting layer.

Next, more preferable ranges of the redness index value
and the blueness index value are described.

(More Preferable Range of Redness Index Value: 0.250 or
Smaller)

Figs. 18A and 18B are plots to explain the combination
of film thicknesses when the redness index value i1s in the
more preferable range with respect to (%, y, z). Fig. 18BA

illustrates the simulation result when the reflecting layer
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the bottomrail 204 is suspended at | ower ends of those chords. The slats’
202a serving as the solar shadi ng nenbers are each fornmed in a sl ender
rectangul ar shape, for exanple, and are supported by the | adder chords
206, which are extended downward fromthe head box 203, at predeterm ned
intervals in a suspended state. Further, the head box 203 is provided with
an operating nenber (not shown), such as a rod, for adjusting an angle of
the slat group 202 nade up of the plural slats 202a. The head box 203
serves as a driving unit for rotating the slat group 202 -nade up of the
plural slats 202a in accordance with operation of the operating nenber,
such as st Hemed, drhehebyphagiagstliaygnt secandiet ¢he irgldngsskamdent o an

i ndoor space, for exanple. Further, the head box 203 has the function of a
dri vi ngaldmiet i(sr &iedidng nandiel owers my afsinap feorangiesi @gdand9-oWel ng the sl at
group 202, as appropriate, in accordance wi th operation of an operating
nenber 1ldugtrages sdeandmdiatisperfedd Aedeg2dhe 3D fitgigo 398N s a
sectional view illustrating a first exanple of construction of Hgf sl at
202a. A9 MaddEciied ilnverg. i BIRIMEsk A8 a2 GRS LiYES 2Usds st and an

tical film1l. The optical filmd1 i ferably di d ft
pr i nci JA° SUtHCEs ‘GVhe THe 21 11 thel brie prificr phf -SGFFALE BEPRG:

iti d the side_includi inci d . which_ext
Pght 15 i nBi GERESaNGH:CRESSI A IGraiR 209 F4f n- BicFB0aH ElaFec(e g, . on

Lhe st def aql ngLhe window erher ). The o0t6a) LD AN Kodase 211

are af Ficve er"wthan arfixing l'ayer, ng | ayer or

an adhgslvelqy %%mg&%%f‘t&@?ﬁ%‘% e ML LR Pry%g]éaé%z%r?ﬂ can be

formed i'n the shap coa m o The base 211
can be irﬁac%?ff%fc’e & ndaFh At d&H TheP IR 1ol nd Lonsideration of

the case of taking visible light into a predeterm ned indoor space, for
exampl ., & 681N NG LHRANSRA LM flckable range and the region
where the redness index value 1s not in the more preferable
range.
A region expressed by the following feormula (3) is
derived based on the points that exist on the boundary
illustrated in Fig. 18A:

r 1 fz—=12012 1 [y=120\2y ...
2 <121 exp{-3 (T3r57) -z Uorsr) @

Thus, the region expressed by the formula (3) provides
the region where the redness index value is in the more
preferable range for the combination of f£ilm thicknesses (x,
y, z) of the reflecting layer.

(More Preferable Range of Blueness Index Value: 0.200 or
Smaller)
Figs. 19A and 19B are plots to explain the combination

of film thicknesses when the blueness index value is in the
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preferably used as the material of the base 211. The glass, the resin, the
paper, or the cloth used here may be the sane as that generally used in
ordinary rolling screens. The optical film21l used here may be one type or
a conbination of two or nore types of the optical filnms 1 according to the

above-described first to sixth enbodi nents. Fig. 32B is a sectiona
view illustrating a second exanple of construction of the slat 202a. In
the second exanple, as illustrated in Fig. 32B, the optical film1l is used

itself as the slat 202a. In this case, the optical film1l preferably has
such a level of rigidity that the opticcal film1 can be supported by the
| adder neher ds @G aaie cangraiwitdl mespecshdpe (xn a,sEppor tiéd .stlédtfe. <8.

Ei ght h Enbodi nent > An ei ghth enbodi ment will be described bel ow in
connectiildmswirilies thlel isngudetéon devwiudd, whee thengeidrectaxanpleeysf the
sol ar shadi ng devi ce capable of adjusting a degree at which a sol ar

shadi ng smemrmecc wins tofef shhpeichdicdent sivicghtthaly thiendilverers uniid®di ng t he
sol ar shadi ng nmenber. Fig. 33A is a perspective view illustrating
one examdive &f @@dﬁtﬁ@cﬁb@nm@ﬂeaRﬁﬂﬂQHi?%ﬁnﬁ%Qﬁede@P@bE@Gﬂ dctording to
t he ei ghth enbodi nent of the present technal ogy. strated. in Fig.
33, 1 R TGRS G1Ee i 1B Fa B0 T S8 Lo GO ek 0 é‘f‘ltttﬁélgsaw shadli ng

devi ce includes a .screen 302, head box 303, and core ne 3Q04. The
hoad boRSIES A% tidtsd 2Ra 151 1L THE s e dh S AR 1aa’eerraﬁuo an

operatin suc a .chai,n 30 The ,head hox 303 in udes therein a
w ndi ng eP@FSta?%ﬁé Xﬁlgﬁdlﬁ ?&ﬁﬁiJﬂhﬁhfhglscré%n%§ﬁfﬁaand one end of
the screen 302 is coupled to the winding shaft. Further, the core nenber
304 i s €65 "ed to the other end of the screen 302. Preferably, the screen

302 has f1exl Bl Ly. < The.shape, gt LhecsCraen:3021bs pap Lbuhtedat o

particular one and is preferably se ecte depénding on the shape of, e.g.,

a w ndqu,l f@@goﬁ&s 'tCk)J Lhe reld 'Hl%e%férse.serlr'ﬁl%\ﬂ G813 SRl iBmbh For

exanpl e, the screen as a rectangul ar shape.
' for each combination of (X, Y, Z)}, and it provides an
interface boundary between the region where the blueness
"index value is in the more preferable range and the region
where the blueness index value is not in the more preferable
range.
A region expressed by the following formula (4) in
terms of (x, y, z) is derived based on the points, which

exist on the boundary illustrated in Fig. 197, through the

inverse transformation H™! made on (X, Y, Z):

\ 2
2 1 £0.70(z+y)—110

Thus, the region expressed by the formula (4) provides
the regicn where the blueness index value is in the more
preferable range for the combination of film thicknesses (x,

y, z) of the reflecting layer.
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Fig. 33Bis a sectional view, taken along line XXXII I BXXXI11B in Fig. 33A .
illustrating one exanple of construction of the screen 302. As illustrated
in Fig. 336, the screen 302 includes a base 311 and an optical film1. The
screen 302 preferably has flexibility. The optical film 1 is preferably
di sposed on one of two principal surfaces of the base 311, the one
principal surface being positioned on the side including an incident
surface on which extraneous light is incident (e.g., on the side facing

t he wi ndow nmenber). The optical film1 and the base 311 are affixed to
each other wwth an affixing |layer, a bonding |ayer or an adhesive |ayer,

i nt er posed betwpeasphenal Npt eréhatabhe tengtrucfi bheofethessciedax302 is
not limted to the illustrated exanple and the optical film21l nmay be used
i t sel f vaduehensicteenb302ness infhea pasee3Brecagsieifoedhed in the shape of,
e.g., a sheet, afilm or a plate. The base 311 can be nmade of, e.g.,

gl ass, (Fevier;apapePresereborhRangeconsfgsingsisod ek e legse Yot Waki ng
visible light into a predeterm ned i ndoor space, for exanple, a resin

havi ng©fr &RgpaPéncy is preferably used as the material of the base 311.

The glass, the resin, the Baper, or the cloth_used Bere ggg bg.the sanme as
that gener af19susedPi #6rdPRar§er BEPFAgEScPERAEINTHB S oFPIRAI2Fi-PHh 1 used

{11 s BracedfaF Ag HROSFrE aBare. AESc FRERE Hetiarn Gt Senfigdi it o <0
N Tk B0 1901 AL ST e L, e, dosor) bed | nagapnect on
interi%bApEl%ﬁ% E% %sn%ﬂgegkmhﬁgkib%cE%Q&ﬁiawhen the reflecting '
layer is formed on the shaped layer such that the redness
index value is held in the especially preferable range, and
‘Fig. 20B iliustrates the simulation result before the 3D
fitting when the reflecting layer is formed on the shaped
layef such that the redness index value is held in the
especially preferable range.
A curved surface illustrated in Fig. 20A represents a
set of points at which the redness index value takes 0.200
for each combination of (%X, v, z), and it provides an
interface boundary between the region where the redness
index value is in the especially preferable range and the
region where the redness index value is not in the
especially preferable range.
A region expressed by the following formula (5) is

derived based on the points that exist on the boundary

illustrated in Fig. Z20A:
| 1 2—1201\2_1 ( y—120\%y ...(5
z < Q'TOGXP{'2 (147.139) "5 (121.942) }
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| i ghting portion provided with an optical body having the directional
reflective property. Fig. 34A is a perspective viewillustrating one
exanpl e of construction of a fitting 401 according to the ninth enbodi nent
of the present technology. As illustrated in Fig. 34A, the fitting 401
includes a lighting portion 404 provided with an optical body 402. Mre
specifically, the fitting 401 includes the optical body 402 and a frane
menber 403 that is disposed in a peripheral portion of the optical body
402. The optical body 402 is fixedly held by the franme nenber 403, but the
optical body 402 can be renoved, when necessary, by disassenbling the
frame nmenbernd63. -Mbi kegone expmpkeedf biyhehki ttoirmgl14015) spaoshdes (i.e., a
paper - made and/or glass-fitted sliding door), applications of the present
t echnolbgy rawe omotvhieirs ttéek tredsiects dmdexanplleicand exbddienent s of t he
present technol ogy can be applied to various types of fittings that

i ncl udespieglitildy poetficordle rands dor34B4 sanksigattiisralofifad™ | | ustrating
one exanpl e of construction of the optical body 402. As illustrated in
Fig. 34Bickmessgsi dal, body)40Z ithe Jedd arhase YVPTand an optical film 1.
The optical film1l is disposed on one of two principal_ surfaces of the
base 41Esperdaday pricfairphles kopace WeifngPvsid ioisd ot d-de/l nel udi ng
an incident surface on which extraneous light is incident (e.g., on the

si de f & FPREN ndow nenber or outward). The optical film 1 and the

base 411 are affixed t h oth it h ffixi I .. 0., bondi
layer or antidResPUb RAgeridi Ater BOSEd bt B CHeml NGPEtREE PR

constr 46 ot . sl (AR g L8 RIS e 403, (3.0
itselfé%%égygfﬂ¥iﬁ%@fé%%%ﬁé“%%nge with respect to (%, vy, z). Fig.
218 illustrates the simulation result when the reflecting
layer is formed on the shaped layer such that the blueness
index value is held in the especially preferable range, and
Fig. 21B illustrates the simulation result before the 3D
fitting when the reflecting layer is formed on the shaped
layer such that the blueness index value is held in the
especially preferable range.
A curved surface illustrated in Fiq. 21A represents a
set of points at which the blueness index value takes 0.170
for each combination of (X, ¥, Z}, and 1t provides an
interface boundary between the region where the blueness
index value is in the especially preferable range and the
region where the blueness index value is not in the
especilally preferable range.
A region expressed by the following formula (6) in

terms of (%, y, z) is derived based on the pocints, which
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The base 411 is forned of, e.g., a sheet, a film or a plate each having
flexibility. The base 411 can be made of, e.g., glass, resin, paper, or
cloth. In consideration of the case of taking visible light into a

predet ermi ned i ndoor space, for exanple, a resin having transparency is
preferably used as the material of the base 411. The glass, the resin, the
paper, or the cloth used here nay be the sanme as that generally used as
optical bodies in ordimary fittings. The optical film1 used here may be
one type or a conbination of two or nore types of the optical filns 1
according to the above-described first to sixth enbodi nents. [EXAMPLES]
The presanit techmed ogy:nda-dy de ldeseradsetd im miny.e 2det, aidh feelgow tihe
connection with EXAMPLES, but the present technology is not limted to the
f ol | owiimy cEXAMPIES s floSimattliami ¢} made ohn(CEXAMPLES: descri bed bel ow,

optical characteristics of nultilayeg film were detﬁrnined t hrough a

si mul ati on whe he filmadiekng f tdrediayensoh,the jul tilayer film
of the re?lé(ci{]-i7 3‘}'1%1{/‘6%‘ meﬁ;g%.&%ﬁti (}rf'\'/\@uperforned on
mul tilayer films, nentioned in the’follow ng TEST EXAMPLES 1-1 to 1-5, by
using the optical sinulation software gLi ht Tool.s) avail able from ORA
(Optical Re$BHPehth§ssepaPBSEXPrASERE SVnithat foFTU&R Y i PAPVELREM

t hi ckness was used _as the fil.mthickness of each of the high refractive

i ndex [t&fer€IdEN &S $heakd eSS 11d\s . VaR& e iWe Wa ues of the |
bl ueness index, the redness index, the transm ttance of visible |light, and
the sh&FPRG FadtoP RéFE Befermived e tthe BPtIEH F 1% thildkness x of
the high.refractive index |ay s the first layer, the optical film
thickn%§§ n&ﬁsﬁﬁe(ﬁrgﬁ'r€9r§%{i iTde Vet B SHe third layer, and the
geonetrical _filmthickness, z.of |, _l,ayer ed. (TEST
EXAMPLE 1- 1) SHEIK’H%VtFFEé%ggf%P§1%E%gggéuﬁg&nﬁﬁﬁgﬁ%ﬁggga tﬁ&ee-layer

structyre oRtal ned by SLacking.a hiah ref ract e dindex Jaygn and a metal

| ayer. tai construction o ayer film'aré as foll ows:
optical film thickness y of the high refractive index layer
as the third layer, and the gecmetrical film thickness z of
thé metal layer so as to fall within one of fhe regions
described above, the multilayer film éatisfying the desired
condition of the redness index value or the blueness index
value caﬁ be formed.

Generally, a blue-based color tone c¢f the reflected
light provides a cool (or refreshing) feeling, and hence
constiaint conditions imposed on the blue-based color tone
in design is relatively moderate. On the other hand, a red-
basedrcolor tone of the reflected light provides an
impression disturbing harmony in color with respect to the
surroundings, and hence constraint conditions imposed on the
red-based color tone in design tend to be relatively severe.

While the above description is made in connection with
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Layer structure: high refractive index layer / netal |ayer [high
refractive index |ayer H gh refractive index |ayer: Mterial: GAZO
Refractive index: 1.936 Geonetrical filmthickness of first layer: 10 nm
Geonetrical filmthickness of third layer: 20 nm Metal |ayer:

the case of deriving the region that satisfies the deéiied
condition of the redness index value or the blueness index
value, it is alsoc poessible to derive the region satisfying
the desired condition of the redness index value and the
region-satisfying the desired conditidﬁ of the bluéness
index value, and to set a region satisfying both of thoée
two conditioﬁs. By setting such & region, an optical body
providing the reflected light in a neutral color tcone can be
designed.

{Design of Optical Body Providing Refliected Light in Neutral
Color Tone)

The optical body providing the reflected light in the
neutral color tone can be obtained by calculating the region
satisfying the desired conditlon of the redness index value
and the region satisfying the desired condition c¢f the
blueness index wvalue, and taking a product sét of beth the
regions. Stated ancther way, that type of optical body can
be obtained by deriving a region where (x, vy, z) satisfies

" the following formula (1) and the following formula (2):
1 (z=120Y2_1 (x=120\2y
z < 12'1‘3}‘19{'2 (145.17) -5 (123.14) b

2
1 —y 2 1 {0.70(z-+y)—120 .-
z2 < 12'2eXp{"Z (%) 2 ( 99.41 ) fre@

As a matter of course, a region where (X, y, Z)

satisfies the following formula (3) and the following
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Material : AgNdCu Refractive index: 0.164 Geonetrical filmthickness: 7 nm
(TEST EXAMPLE 1-2) A nmultilayer filmwas assuned as in TEST EXAVPLE
1-1 except for changing the fil mthicknesses of the layers in the
‘multilayer filmsuch that the geonetrical filmthickness of the high
refractive index |layer as the first |ayer, the geonetrical filmthickness
of the netal layer, and the geonetrical filmthickness of the high
refractive index |layer as the third layer were 25 nm 7 nm and 15 nm
respectively. (TEST EXAMPLE 2-1) A mltilayer filmwas assuned as in
TEST EXAVPLE 1-1 except for changing the filmthicknesses of the layers in
the mulgddmayer @il mnswehdt bat thie geeetriical off kMt Foeknass ofijt he high
refractive index |ayer as the first layer, the geonetrical filmthickness
of theamkt al2)l ayer bean@rtikedgeonetrical filmthickness of the high
refractive index layer as the third layer were 45 nm 9 nm and 45 nm

respectively. ' 1 —1207\2 1 —120\2 .
z< 120 exp{-5 (f5157) -2 (orsr) )@

2
o 1 —y\2 1 {0.70(z+y)—110 s
z < 11.8exp{-7 (5735) -2 ( 9789 ) fro@

BAlternatively, a region where (%, y, z) satisfies the
following formula (5) and the following formula (6) may be

derived:

1 —120\2 1 ;f y—120 2'...
z < 9.70exp{-3 (1‘17.139) "5 (1?21.942) po®

9 o
1 {0.7(z—y)+5\" 1 {0.T(z+y)—110
z < 9.72exp{—§ (‘”%) "2 ( 134.16 ) poeee

In addition to the above-described examples, a region
.where (x, y, z) satisfies one of the formulae (1), (3) and
(5)-and cne of the formulae (2}, (4) and (6) may be derived.

According to the first embodiment, the change in color
tone can be suppressed by determining the region(s)
satisfying the desired conditions of the redness index value
and the blueness index wvalue for the optical film thickness
x of the high refractive index layer as the first layer, the
optical film thickness y of the high refractive index layer
as the third layer, and the geometrical film thickness z of
the metal layer, and by setting the film thickness of the

reflecting layer 3 such that the optical film thickness x of
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(TEST EXAMPLE 2-2) A multilayer-filmwas assunmed as in TEST EXAWMPLE 1-1
except for changing the filmthicknesses of the layers in the nultilayer
filmsuch that the geonetrical filmthickness of the high refractive index.
| ayer as the first layer, the geonetrical filmthickness of the netal

| ayer, and the geonetrical filmthickness of the high refractive index

| ayer as the third layer were 15 nm 9 nm and 35 nm respectively. (TEST
EXAMPLE 3-1) A mltilayer filmwas assuned as in TEST EXAMPLE 1-1
except for changing the filmthicknesses of the layers in the nultil ayer
filmsuch that the geonetrical filmthickness of the high refractive index

layer aset e ghi relf ladtefe tiR@cGeanBldr ¢al thd mittyckngas ofcHehe netal
| ayer, and the geonetrical filmthickness of the high refractive index

| ayer aptiike it Hinegh kayekneesse 40 Mmhel iR rsfd 4G I8 IrREPeCibnea Y.
' (TEST EXAMPLE 3-2)
as the third layer, and the geometrical film thickness z of
the metal layer fall within the determined region(s).
<Modifications>

Modifications of the firstxembodiment will be described

bélow.
[First Mcdification]

Fig. 22A is a sectional view illustrating a first
modification of the first embodiment of the present
technology. - As illustrated in Fig. 22A, an cptical film 1
according to the first modification has an incident surface
Sl in a concave-convex shape. The concave-convex shape of
the incident surface S1 and the concave-convex shape of the
first optical layer 4 are formed, for example, such that
both the concave-convex shapes correspond to each other,
namely such that positions of apex portions of convexes and
positions of bottom portions of concaves are aligned between
both the concave-convex shapes. The concave-convex shape of
the incident surface 31 is preferably gentler than that of
the first optical lavyer 4.

'Second Modification]

Fig. 22B is a sectional view illustrating a second

modification of the first embodiment of the present

technology. As illustrated in Fig. 22B, an optical film 1
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A nultilayer filmwas assunmed as in TEST EXAMPLE 1-1 except for changing
the filmthicknesses of the layers in the multilayer filmsuch that the
geonetrical filmthickness of the high refractive index |ayer as the first
| ayer, the geonetrical filmthickness of the nmetal |ayer, and the
geonetrical filmthickness of the high refractive index |ayer as the third
| ayer were 31 nm 10 nm and 29 nm respectively. (TEST EXAMPLE 3-3)

A multilayer filmwas assuned as in TEST EXAMPLE 1-1 except for changi ng
the filmthicknesses of the layers in the nmultilayer filmsuch that the
geonetrical filmthickness of the high refractive index |ayer as the first

layer, Ahe Qeonetl ¢le HdIBdhindnessafi drhe Iidnd B¥eich aMh he .
geonetrical fil'mthickness of the high refractive index |ayer as the third

layer wWeye& 4% Mont0 FMcodtd:AS NH UHeS ReAIdMRI o rlvEES E HRXAVRIE t4rel)
A multilayer filmwas assunmed as in TEST EXAMPLE 1-1 except for changing

the filfmihi elrassas lefyetrher, | ayensidh tihe: e flidayery fidywsuch« hat the
geonetrical filmthickness of the high refractive index |ayer as the first
| ayer, fiolremegeoneier istdls thinltthatlilive kitess ofi tttheretialcildayer swarnfdhdehel
geonetrical filmthickness of the high refractive index |ayer as the third
| ayer . wefr eehéb smrmontil ol cand 15 eam>.r especti vel y. (TEST EXAMPLE 4- 2)

<2. Second Embodiment>

Figs. 23A to 26B illustrate examples of configuration
of optical films according to a second embodiment of the
present technology.' In the second embodiment, components
correspending ﬁo those in the first embodiment are denoted
by the same symbols. The éecond embodiment differs from the
first embodimeﬁt in that structures 4c are two-dimensionally
arrayed on onerprinéipal*surface of the first optical layer
4. The two-dimensional array is preferably a two-
dimensional array in & closest-packed state. Such aﬁ array
can increase the directional reflectance.

As illustrated in Figs. 23A and 23B, for example{
pillar-like structures (pillars) 4c are formed on the one
principal surface of the first optical layer 4 in an
orthogonal array. In more detail, first structures 4dc
arrayed side by side in a first directicn and second
structurés 4c arr@yed side by side in a second direction
perpendicular to the first direction are formed such that

the first and second structures intersect while transversely

penetrating through each other in a cruciform pattern. The

— 88 -



A multilayer filmwas assuned as in TEST EXAMPLE 1-1 except for changing
the filmthicknesses of the layers in the multilayer filmsuch that the
geonetrical filmthickness of the high refractive index |ayer as the first
| ayer, the geonetrical filmthickness of the nmetal |ayer, and the
geonetrical filmthickness of the, high refractive index [|ayer as the
third layer were 31 nm 11 nm and 27 nm respectively. (TEST EXAMPLE 5-1)
A multilayer filmwas assuned as in TEST EXAMPLE 1-1 except for changi ng
the filmthicknesses of the layers in the nmultilayer filmsuch that the
geonetrical filmthickness of the high refractive index |ayer as the first

layer, gihe geamsld igatudddmad icknesseadh thedmial dayersomnd d he
geonetrical filmthickness of the high refractive index |ayer as the third
| ayer werdmh mNg.l2 snmiland -89k yenshagegspanit wad Yo prism-like

shape (Fig. 23A) cor a lenticular shape (Fig. 23B), or a

shape obtained by modifying an apex portion of the pillar-

like shape into a polygonal shape (e.g., a pentagonal shape)

(Fig. 23C). -

Further, a close-packed array; such as a gquadrangular
closé—packed array, a delta close-packed array, or a
hexagecnal close-packed array, may be formed by two-
dimensionally arraying the structures 4c, each having, e.qg.,
a spherical shape or a corner cube shape, on the one
principal surface of the first optical layer 4 in a closest-
packed state. In the quadrangular close-packed array, as
illustrated in Figs. 24A to 24C, for example, the structures
4c each having a rectangular (e.g., sguare} bottom surface
are arrayed in a guadrangular closest—packed state, 1.e., a
ﬁatrix {lattice) pattern. In the hexagonal close-packed
array, as illustrated in Figs. 25A to 2:C, for example, the
structures 4c each having a hexagonal bottom surface are
arrayed in a hexagonal closest—packed state. In the delita
Close¥packedrarray, as illustrated in Figs. 26A and 26B, for
example, the structures 4c (e.g., triangular pyramids) each
having a triangular bcttom surface are arrayéd in a closest-
packed state.

The structure 4c is a convex or a concave having, e.g.,
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(TEST EXAMPLE 5-2) A nultilayer filmwas assuned as in TEST EXAMPLE

- 1-1 except for changing the filmthicknesses of the |layers in the

mul tilayer filmsuch that the geonetrical filmthickness of the high
refractive index |layer as the first |ayer, the geonetrical filmthickness
of the metal layer, and the geonetrical filmthickness of the high
refractive index |layer as the third |ayer were 51 nm 12 nm and 55 nm
respectively. (TEST EXAMPLE 5-3) A mltilayer filmwas assuned as in
TEST EXAMPLE 1-1 except for changing the filmthicknesses of the layers in
the nultilayer filmsuch that the geonetrical film-thickness of the high

refracti ve dndex hayekeas sthe fid=st, |a¥8re1tih®soidal, prism-like,
eylindrical, free-form, polygeonal, conical, pyramidal,
frusto-conical, or parabolic shape. The bottom surface of
the structure 4c is, e.g., circular, elliptic, or polygonal,
such as triangular, rectangular, hexagonal, or octagonal.
Pitches Pi and P2 of the structures 4c are preferably
selected, as appropriate, depending on the desired optical
characteristics. Wher the principal axis of the structure
4c is inclined with respect to a line perpendicular to the
incident surface of the optical film 1, the principal axis
of the structure 4c 1s preferably inclined in at least one
of two directions in which the structures 4c are two-
dimensionally arrayved. Further, when ﬁhe optical film 1 is
affixed to a window member that is arranged substantially
vertically to the ground, the principal axis of the
_structure 4c is preferably inclined downward of the window
member {(i.e., toward the ground side) with respect to a line
perpendicular to the window member.

In the case of the structure 4c having the corner cube
shape, when a ridgeline has a large curvature radius R, the
structure 4c is preferably inclined toward the sky, i.e.,
upward. On the other hand, for the purpose of suppressing
the downward reflection, the structure 4c is preferably
inclined toward the ground side. Because the sunlight is

obligquely incident on the optical film, the light is hard to



geonetrical filmthickness of the netal |ayer, and the geonetrical film

t hi ckness of the high refractive index |layer as the third |l ayer were 37
nm 12 nm and 43 nm respectively. (TEST EXAMPLE 5-4) A multilayer
filmwas assuned as in TEST EXAMPLE 1-1 except for changing the film

t hi cknesses of the layers in the nmultilayer filmsuch that the geonetrica
filmthickness of the high refractive index |ayer as the first |ayer, the
geonetrical filmthickness of the netal |ayer, and the geonetrical film

t hi ckness of the high refractive index |ayer as the third | ayer were 55
nm 12 nm and 59 nm respectively. [Simulation Results] Table 1

lists the desyld S_er‘ertrd&%tSIorﬁJlt%té s Renfr, g orHhenagd idawale films. in
TEST EXAMPLES 1-1 to 5-4

optical f£ilm on the incident side is important. Stated
another way, when the ridgeline has the large curvature
radius R, the amount of retroreflected light is reduced.
Such a reduction in the amount of retroreflected light can
be suppressed by inclining the structure 4c toward the sky.
Further, in the case of the corner cube shape, the incident
light is usually retroreflected after being reflected by the
reflecting surface three times. However, some part of the
incident light is lezked to directions other than the
retroreflection direction after being reflected twice. The
leaked light can be returned in a larger amount toward the
sky by inclining the cornér cube toward the ground side.
Thus, the structure 4c may be inclined in any desired
direction depending on the shape of the structure 4c and the
purpose of the optical f£ilm.
<3. Third Embodiment>

Fig. 27A is a secticnal view illustrating one example
of construction of an optical film according to a third
embodiment of the present technology. In the third
embodiment, the same components as those in the first
embodiment are denoted by the same symbols and description
of those components is omitted here. The third embodiment
differs from the first embodiment in that a plurality of

individual reflecting layers 3 inclined with respect to the



The follow ng points are understood from Table 1. (Geonetrical Film

Thi ckness of Metal Layer - 7 nm In TEST EXAMPLE 1-1, the redness

i ndex value is larger than 0.258, and hence the conbination of (x, y, 2z)
does not fall within the region represented by the formula (1). On the

ot her hand, the blueness index value is snmaller than 0.170, and hence the
conbination of (x, y, z) falls within the region represented by the
formula (6). I n TEST EXAMPLE 1-2, the redness index value is |arger
than 0.200 and snaller than 0.250, and hence the conbination of (x, y, 2z)
falls within the region represented by the formula (3). Al so, the blueness

i ndex valgye ii$c3MRhlkekut-tare0atil roanddanca Hhemramainatier of i vy, 2)
falls wthin the region represented by the formula (6). (Geonetrical Film

Thi ckngse efrrMelaly bayeni=19t@Meach othler . TEST EXAMPLE 2-1, the redness
i ndex value is not [arger than 0.200, and hence the conbination of (x, v,
z) falls witrhgn the Leghoperepeesentediby theuboraubiag(bhe Aksoplehe
bl ueness index value is smaller than 0.170, and hence the conbination of
(x, Yy, of) chalfligruwiatthion the stegictn reepries éntreckdyint hdd apiilcal( 6) .
‘layer of the optical film according to the third embodiment
of the present technology. The structures 4c are each in
the form of a triangular pillar-like convex extending in one
direction, and the pillar-iike structures 4c are arrayed
side by side in one direction, i.e., 1in a one-dimensional
pattern. A cross-section of the structure 4c in a direction
perpendicular to the extending direction of the structure 4c
has, e.g., a right-angled triangular shape. The reflecting
layer 3 is formed on a sloped surface of the structure 4c,
which is inclined at an acute angle, by a thin-film forming
~process that has directionality, such as vapor deposition or
sputtefing.  |
According to the third émbodiment, the individual
reflecting layers 3 are arranged parallel to each other in
the optical layer 2. Therefore, the number of reflectiocns
by the reflecting layer 3 can be reduced in comparison with
the case where the structure 4c¢ is formed in the corner cube
shape or the prism-like shape. It is hence possible to
increase the reflectance and to reduce the amcunt of light

absorbed by the reflecting layer 3.

<4. Fourth Embodiment>



In TEST EXAMPLE 2-2, the redness index value is |arger than 0.258, and
hence the conbination of (x, y, z) does not falls within the region
represented by the fornula (1). On the other hand, the blueness index
value is larger than 0.170 and snmaller than 0.200, and hence the

conmbi nation of (x, y, z) falls wthin the region represented by the
formula (4). (Geonetrical Film Thickness of Metal Layer = 10 nn) I n
TEST EXAMPLE 3-1, the redness index value is larger than 0.200 and snaller
t han 0.250, and hence the conbination of (x, y, z) falls within the region
represented by the formula (3). Also, the blueness index value is |arger

than 0.170 and.spe}l ghnbAdneA+209crand hepgechbereoabi BabbaAmeht(X, Y, 2Z)
falls within the region represented by the forrmula (4). In TEST

EXAMPLE3t2att B8 6edness imMdeax 1valde riss nlprgert Hehab rthedb8, and hence the
conbi nation of (x, y, z) does not fall within the region represented by

the foumukbatibha1l® theieidher 1hand, ithe bipeeness: wadex eraltie band,ar ger
than 0.170 and smaller than 0.200, and hence the conbination of (X, y, z)
fal | s whtihien sthe teegnen 1riepite sehiced thynt o eromdid i(cd wavelengthn TEST
EXAMPLE 3-3, the redness index value is larger than 0.200 and small er than
0. 250, band .hefte bti¢icedbifddii dn agfcomding, =) thal |oumitthhiemoddg meadi on
represented by the

.includes a light scatterer for scattering the incident light.

The light scatterer is disposed, for example, in at least

one of positions on the surface cof the opticél layer 2,

inside the optical layer 2, and between the reflecting layer

3 and the optical layer 2. Preferably, the light scatterer

is disposed in at least one of positions between the

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 fiim 1 is affixed to a

support such as a window member, it can be affixed to one of

the indoor side and the oﬁtdoor side of the support. When

“the optiéal film 1 is affixed to the outdoor side, the light

scatterer for scattering the light other than the specific

wavelength kand is preferably disposed only between the

reflecting layer 3 and the support such as the window member.

The reason is that if the light scatterer is present between

the reflecting laver 3 and the incident surface, the

directional reflection characteristic is lost. Also, when

the optical film 1 is affixed to the indoor side, the light

scatterer is preferably disposed between the emergent
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formula (3). Also, the blueness index value is larger than 0.170 and
smal l er than 0.200, and hence the conbination of (x, y, z) falls within
the region represented by the formula (4). (Geonetrical Film Thickness of
Metal Layer - 11 nm In TEST EXAMPLE 4-1, the redness index value is
l.arger than 0.200 and smaller than 0.250, and hence the conbination of (x,
y, z) falls within the region represented by the formula (3). Also, the
bl ueness index value is larger than 0.170 and snaller than 0.200, and
hence the conbination of (x, y, z) falls within the region represented by
the formula (4). I n TEST EXAMPLE 4-2, the redness index value is

| arger e d® 298 +nand iheNGy (GO Ratd OfF Ofc X sk e doesot fal |
wi thin the region represente by the formula (1). On the other hand, the

bl uenespdirgax frMahue iand angerdhiantin200 8R4 sl l er than 0. 210, and
hence the conbination of (x, y, z) falls wthin the region represented by
the formul ar(3). 26&ecopetr seak ibnbmn Yhieakneidssotahkhgl aldyest= 12 nn

In TEST EXAMPLE 5-1, the redness index-value is |arger than 0.258, and
hence thengdrbiotatbions tafuctx,ory 0z )t hdoeptmataIf dillmilt Farddte rreegicon
represented by the formula (1). On the other hand, the blueness index

val ue itdd diogertht kabpod i@ tand v Ivere sehdn t@&20®,l@nd hérice t he
conbination of (x, y, z) falls within the region represented by the
fornul & lZstrated ipnEFEEST Z8RANVRIIE 517 sT eptisdgdedsviariek vallvslsss | ar ger

t han 0.250 and snaller than 0.258, and hence the conbi nation
a resin and fine particles 11. The fine particles 11 have a

refractive index differing from that of the resin, which is
a main component material of the first optical laver 4. For
example, at least one kind of organic fine particles and
inorganic fine particles can be used as the fine particles
11. The fine particles 11 may be hollow fine particles.
Examples of the fine particles 11 include inorganic fine
particles made of, =.g., silica or alumina, and crganic fine
particles made of, e.g., styrene, acryl, or a copolymer of

. the formets. Among those examples, silica fine particles
are particularly preferable.

Fig. 28B is a sectional view illustrating a second
example of ceonstruction of the optical film 1 according to
the fourth embodiment of the present technology. As
illustrated in Fig. 28B, the optical film 1 further includes
a light diffusion layer 12 on the surface of the first .
optical layer 4. The light diffusion laver 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-
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of (x, y, z) falls within the region represented by the formula (1). Al so,
t he bl ueness index value is larger than 0.200 and smaller than 0.210, and
hence the conbination of (x, y, z) falls within the region represented by
the formula (2). In TEST EXAMPLE 5-3, the redness index value is

| arger than 0.258, and hence the conbination of (x, y, z) does not fal
within the region represented by the formula (1). On the other hand, the
bl ueness index value is larger than 0.200 and snaller than 0.210, and
hence the conbination of (x, y, z) falls within the region represented by
the formula (2). I n TEST EXAMPLE 5-4, the redness index value is

| ar ger ddwarr 2D iarsdt smaitdpdre t han 0. 250, and hence the conbination of (x,
y, z) falls within the region represented by the fornula (3). On the other
hand, the bFueneg§Ci nder wveakeocinell arger flRast@a2i0g andhhedce t he

conbi nation.of (x, y, z) does not fall within the region represented by

t he forssampl(2)f JuOsdamgatiioon of Ba amfal calp geamanc e ardliSiamiicat i ons of
Opti cal Bodi es] Next, optical bodies were fabricated according to the
f ol | owithf EDRANIBINE efep DEOVPARAT VAL 6P ES Mol %y -1- 23 Furt her

optical, characteristics of nmultilayer filnms according to the foll ow ng
AE eSS

TEST EXANPIE G Eand TEST ERAVPLIES 2RI 4G 722 1wl A
117 a0 CUPARAH SRR ALES 1 11 (1 ot vidihe ARG ugh
EXAVPLET 7ind  GONPARAIE BRAPLES 114 0 179 rd EonPhrad Soapect i vel y
i th the sl ation resyihs, of, TeSh PANPLE.S b JRY. BIPLES -1 to
particles can be made of the same materials as those used in
the above-described first example.
According to the fourth embodiment, it is possible to
directicnally 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.
<5. Fifth Embodiment>
Fig. 292 is a sectional view illustrating one example
of construction of an coptical film 1 according tc a f£ifth
embodiment of the present technology. In the fifth
embodiment, the same components as to those in the first
embodiment are denoted by the same symbols and description
of those components is omitted here. The optical film 1

according to the fifth embodiment differs from the first

embodiment in that, as illustrated in Fig. 294, a concave-
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The nultilayer filmconstituting the reflecting |ayer of the optical body-
had a three-layer structure obtained by stacking a high refractive index

| ayer and a netal |ayer. Details of construction of the rmultilayer film
are as foll ows: Layer structure: high refractive index |ayer / netal

| ayer / high refractive index |ayer Hi gh refractive index |ayer: Material:
GAZO Geonetrical filmthickness of first layer: 40 nm Geonetrical film
t hi ckness of third layer: 40 nm Metal |ayer: Material: AgNdCu Ceonetri cal
filmthickness: 10 nm

convex surface of an optical layer 2a is not embedded with a
resin material and the reflecting layer 3 formed on the
concave-convex surface of the optical layer 2a is exposed.
The optical film 1 has a concave-convex incident surface S1
on which light, e.g., the sunlight, is incident, and an
emergent éurface-sz from which part cof the incident light
entering the incident surface S1 emerges after having passed
through the optical film 1.

The optical film 1 may further include a base Zb, when
necessary, on the emergent surface 82 of the opticai layer
2a. The optical film 1 may further include an affixing
layer 6 and a peel-off layer 7, when necessary, on the
emergent surface S2 of the optical layer 2a or on the base
2b. The optical layer 2a and the base 2b can be made of
similar materials to those of the first optical layer 4 and
the first base 4a in the first embodiment described above.

Fig. 29B is a sectional view illustrating an example in
which the optical Film according to the fifth embodiment of
the present technology is affixed to an adherend 10a. As

’illustrated in Fig. 29B, the emergentlsurface $2 of the
optical'film 1 is affixed, for examplie, to the adherend 10a
with the affixing layer 6 interposed therebetween. The
adherent 10a is preferably, e.g., a window member, a window
blind (shade), a rolling screen, or a pleated screen.

According to the fifth embodiment, since the incident



The multilayer filmwas forned by vacuum sputtering using targets wth
conpositions set forth in Table 2. Refractive indexes of GAZO and AgNdCu
in Table 2 indicate values at a wavel ength pf 550 nm Table 2 GAZO
AgNdCu

surface 51 is provided by the concave-ccnvex surface of the
cptical layer 2a on which the reflecting layer 3 is formed,
part of the incident light is scattered by the incident
surface S1, while part of the not-scattered light passes
through the optiéal film 1. It is therefore possible to
provide the optical film 1, which can make people feel
brightness with the incident lightrpassing threough the
optical film, but which is opague. The optical film 1
having such a characteristic can be suitably applied to an

- interior member, an exterior member, and a sdlar shading
member, such as the window member, the window blind, the
rclling screen, or the pleated screen, when protection of
privacy 1s necessary.
<6. Sixth Embodiment>

Fig. 30 is a sectional view illustrating one example of

constructicn of an optical film 1 according to a sixth
‘embodiment;oﬁ.ﬁhe_prgsent téchnologyl The sixth'embodiment
differs frém the firét embodimént in that the former further
includes a self-cleaning effect layer 51, which develops a
cleaning effecf in itself, on an exposed surface of the
optical film 1 on the opposite side to cone of the incident
surface 81 and the emergent surface S2 thereof, which one is
affixed to the adheieﬂd. The self-cleaning effect laver 51
includes, for example, a photocatalyst. For example, TiO:

can be used as the photocatalyst.



Target conposition Ga203: 0.57 wt % Al 203: 0.31 w % Ag: 99 W% Nd: 0.4 wt %
Cu: 0.6 wt% Refractive index '

As described above, the optidal film 1 is featured in
transmitting part of the incident light therethrocugh. When
the optical film 1 is used outdoors or in a dirty rcom, for
example, light is scattered due to dirt and dust adhering to
the surface of the optical film 1, whereby transmissivity
and reflectivity are lost. Therefore, the surface of the
optical film 1 is preferably optically transparent at all
tiﬁes. In other words, it is preferable that the surface of
the optical film 1 is superior in the water-repellent or
hydrephilic property, for éxample, and it can automatically
develop the éelf—cleaning effect.

According to the sixth embodiment, since the optical
film 1 includes the self-cleaning effect layer 51, the
water-repellent or hYdrophilic property, for example, can be
giﬁeﬁ to.fhe‘incident sdfface. _ Hence, it is.possible‘to‘
suppress dirt and dust from adhering to the incident surface .
and ‘to sdppreés degradation of the directional reflection
characteristic.
<7. Seventh Embodiment>

While the first embodiment has been described above, by
way of example, in connection with case of applying the
present technolegy to, e.g., the window member, embodiments
of the present technology are not limited to the above-
described applicatioh and can be further applied to various

interior and exterior members, etc. cother than the window



1.936 0.164 ( COVPARATI VE EXANPLE_l-l)' The obtical body was
fabricated as in EXAMPLE 1-1 except for changing the filmthicknesses of
the layers in the multilayer filmsuch that the geonetrical filmthickness
of the high refractive index |ayer as the first |ayer, the geonetri cal
filmthickness of the netal |ayer, and the geonetrical filmthickness of
the high refractive index |ayer as the third layer were 29 nm 10 nm and
31 nm respectively. (COVWARATI VE EXAMPLE 1-2) The optical body was
fabricated as in EXAMPLE 1-1 except for changing the filmthicknesses of
the layers in the multilayer filmsuch that the geonetrical filmthickness
of t herimipa rr.ef ISaetievde anndéx 1 aysr, ahd hetfiiaadt Aidyerncddmeligeonetri ca
filmthi ckness of the nmetal |ayer, and the geonetrical filmthickness of
t he hi gher efnbactimeati ndexheayersastt hedhiolddvayer agerle B8 lemtal2 rim and
59 nm respectively.
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 tfansmitted and/or reflected
sunlight by‘moving an interior or external member depending
on changes in amount of the suniight, which are caused with
the shift of seasons and the elapse of time, etc:, and
taking the adjusted amount of the sunlight intec an indoor
space, etc. In a seventh embodiment, one example of such a
device is described in connection with a solar shading
device (in the form cof a window blind or a shade) capable of
adjusting a degree at which a group made up of plural solar
shading members cuts off the incident light, by changing an
angle of the solar shading member group. |
‘ Fig. 31 is a perspective view i1llustrating one example
of construction of a window blind (shade) 201 according to
the seventh embodiment of the present technology. As
illustrated in Fig. 31, the window blind 201 as one example
of the solar shading device includes a head box 203, a slat
. group (solar shading member group) 202 made up of plural
slats (blades) 20Z2a, and a bottom rail 204. -The head box
203 is disposed above the slal group 202 made up of the
plural slats 202a. Ladder chords 206 and rise-and-fall

chords 205 are extended downward from the head box 203, and
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I n EXAMPLES, AgNdCu was used as the target conposition. However, the
target composition is not linmted to AgNdCu, and-the above-nentioned netal
or alloy having a high reflectance in the infrared range can also be used.
The metal |ayer having a high reflecta : nzthe infrared range contains,
as a main conponent, Au, Ag, Cu, ‘A= Gy Ti, -Pd, Co, Si, Ta, W My or .
Ge alone, or an alloy containing tmn “or more sel ected from anong t hose )
el ements, for exanple. O those exanples, Ag-, Cu-, Al-, Si- or Ge-based
materials are preferable in consideration of practicability. Wen an all oy
is used as the material of the netal |ayer, the netal |ayer preferably
cont ai o] nent , t+, ., AIG0 o FALNG G, Al MySI
AgBi | %ﬁd%ﬁ’&o@%ﬁ ABdt, oK &gﬁde@Agdgdé?wgﬁgPdwg AgPdFe, Ag, or SiB,
for eX%’HQ)'I%IS The HN@tGeOmRLr 's%%lvﬂcﬂgl A< HHEKRRSS rOfs hizhie P imdeayer 1S
preferably 7 nmor nore and 9 nmor less. The reason is that, when such a
condi t iz @%c%akbﬁ&b@dantﬁesﬁ%waaﬂtﬂéﬁﬂéﬁgﬁﬂéﬂl@hap%fl&m&amagnﬁﬂ@,the
|l ight incident on the optical body can be each held in a preferable range.
[ Obser wald err<Resipidostefi Bxt emnrall sAppeardancels (BEXAVRIEE cbr Hre As a
result of observing the external appearance of the optical body fabricated
accor digxg enolcBX AR al-dl £ ridhe tda dreadies>of203,ghltt pefddedtcathilnec he opti cal
body was neutral. (COVWARATI VE EXAMPLE 1-1)

intervals in a suspended state. Further, the head box 203

is provided with an operatiﬁg member (not shown), such as a
rod, for adjusting an angle of the slat group 202 made up of
the plural slats 202a.

The head box 203'serves as a driving unit for rotating
the slat group 202 made up of the plural slats 202a in
accordance with operation of the operating member, such as
the rod, thereby adiusting the amount of light taken intoc an
indoor space, for examplef\:Further, the head box 203 has
the function of a driﬁing unit (raising and iowering uni£}-
for raising and lowering the slat group 202, as appropriate,
in accordance with operation of an operating mémber;,e.g., a
rise-and-fall operating chord 207.

Fig. 32A is a sectional view illustrating a first
example of construction of the slat 20Za. As iilustrated in
Fig. 32A, the slat 202a includes a base 211 and an optical
film 1. The optical film 1 is preferably disposed on one of
two principal surfaces of the base 211, the one principal
surface belng positioned on the side including an incident

surface on which extraneous light is incident when the slat
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As a result of observing the external appearance of the optical body
fabricated accordi ng to COVPARATI VE EXAMPLE 1-1, a reddish col or tone was
perceived in the light refl'ected by the optical body. (COVPARATI VE EXAMPLE
1-2) As a result of observing the external appearance of the optical
body fabricated accordi ng -to COVWARATI VE EXAVPLE 1-2, a bluish color tone
was perceived in the light reflected by the optical body was perceived.
[Sinmulation] Next, optical characteristics of each multilayer film
constituting the reflecting |ayer of the optical body were determ ned

t hrough a sinulation perforned on the nultilayer filns according to the

f ol | owi g UREST EXAVALE 6-c1l el EESTE<EXAMRLES o theo SA-d fwtiichy were
assuned respectively corresponding to the multilayer filns in the

f abri catiggioptiamieodi dreoforEXAVELE iln JarahCANVRARAHSVE IEXANRLES 1-1 to
1-2. The sinul ation was performed by using the optical simulation software
(Li ght affdol=9d dimnidadil & raomyORA (@mptd IdEl < IRk davdt Assdbi-atées) . ( TEST
EXAMPLE 6- 1) A multilayer filmwas assuned which had a three-I|ayer

st r uct A BRI ety StEac kG 2 e W8fr i@ IsRib P ItaiRsn e net al

| ayer. Details of construction of the nmultilayer filmare as foll ows:
y The %ase B?l can be formed q% the %hape 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
cptical film 1 used here may be one type or a combination of
two ér more types of the optical films 1 according to the
above*describedtfirst:to sixth embodiments.

Fig. 32B is a sectional view illustrating a second
exémple of construction of the slat 202a. In the second
example, as illustfated in Fig. 32B, the optical film 1 is
used itself as the slat 202a. In this case, the optical
film 1 preferably has such a level of rigidity tﬁat the
optical film 1 can be supported by the ladder chords 206 and
can maintain its shape in a supported state.
<8. Eighth Embodiment>

An eighth embodiment will be described below in

connection with a rolling screen device, i.e., another
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Layer structure: high refractive index layer / nmetal layer / high
refractive index |ayer H gh refractive index |ayer: Mterial: GAZO
Geonetrical. filmthickness of first layer: 40 nm Geonetrical film

t hi ckness of third layer: 40 nm Metal |ayer: Material: AgNdCu Ceonetri-cal
filmthi ckness: 10 nm ' . , :

example of the solar shading device capable of adjusting a
degree at which a solar shading member cuts coff the incident
light, by wiriding or unwinding the solar shading member.

Fig. 33A is a perspective view illustrating one example
of construction of a rolling screen device 301 according to
the eighth embodiment of the present technology. As
illustrated in Fig.'BBA, 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 302, 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 screén 302. Preferably, the
screenr302 has flexibility. Thé shape of the screen 302 is
not limited to particular one and is preferably selected
depending on the shape of, e.g., a window member to which
the rolling screen device 301 is applied. For example, the
screen 302 has a rectangular shape.

Fig. 33B is a sectional view, taken along line XXXIIIB-
XXXIIIB in Fig. 33A, illustrating one example of
construction of the screen 302. As iilustrated in Fig. 33B,
the screen 302 includes a base 311 and an optical film 1.

The screen 302 preferably has flexibility. The optical film
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(TEST EXAMPLE 7-1) A multilayer filmwas assuned as in TEST EXAMPLE
6-1 except for changing the filmthicknesses of the |layers in the
mul tilayer filmsuch that the geonetrical filmthickness of the high
refractive index |layer as the first layer, the geonetrical filmthickness
of the metal layer, and the geonetrical filmthickness of the high
refractive index layer as the third |layer were 29 nm 10 nm and 31 nm
respectively. (TEST EXAMPLE 7-2) A mltilayer filmwas assuned as in
TEST EXAMPLE 6-1 except for changing the filmthicknesses of the layers in
the nultilayer filmsuch that the geonetrical filmthickness of the high
refractl ves ipreebedadyjier dspdred igrstorleayet twde geongtial calr faden tdi ckness
of the nmetal layer, and the geonetrical filmthickness of the high
r ef r acttinee bamebe 3 11, aydre asr <t peritrhiinoh 1| sperf ager eSSiqmodiximmedaneh 59 nm
respectively. [Simulation Results]

the side including an incident surface on which extraneous

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

construction 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 1is

preferably used as the material of the base 311. The glass,

the resin, the paper, or the cloth used here may be the same

as that generally used in ordinary relling screens. The

optical film 1 used here may be one type or a ccmbination of

two or more types of the optical films 1 according to the

above-described first to sixth emboediments.

<9. Ninth Embodiment>

A ninth embodiment will be described in connection with

the case of applying the present technoclogy to a fitting

{e.g., an interior or exterior member) that includes a
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Table 3 lists the results of the sinmulations performed on the multilayer
films in TEST EXAMPLE 6-1 and TEST EXAMPLES 7-1 to 7-2. - 123 -

Fig. 35Ais a contour plot at z = 10 nm illustrating the cal cul ation
result of the redness index with respect to the geonetrical filmthickness
of the high refractive index |layer as the first |layer and the geonetri cal
filmthickness of the high refractive index |ayer as the third |ayer, and
Fig. 355 is a contour plot -at z = 10 nm illustrating the cal cul ation
result of the blueness index with respect to the geonetrical film

thi ckness of the high refractive index |ayer as the first layer and the

geomet rl'l%@lltlfnﬁ] %‘otrl%'l%%n%%vqfdetoh%umhg%rf %f];ﬂ't"?n%ta'lv%dd}d%x}l ks the third

| ayer. 35A, a point denoted "0" represents the redness

i ndex m@&%&%%un%m&&% EXAMRLE 6- 1, nda poi nt denoted by "o
hat ched with rightward rising slants represents the redness index value

obtai ned i npTESTIEXAMELE deisphbbtkivg. v35k, 1a1petpbrdagobed Byample
represents the blueness index value obtained in TEST EXAMPLE 6-1, and a

poi nt  deneied thyicta'onhatrched iwittih g 149t \warod ridisigng: os [tard svirrepr esent s t he
bl ueness i ndex val ue obtained in TEST EXAMPLE 7-1. Fig. 36Ais a
cont oukenplogtim@ntz of Ehenmrdddnustrathmyl ddye. cahsul dtushraesdl inofFighe
redness index with respect to the geonetrical filmthickness of the high
refractiidve itheexitayery 491t hevdliudts laaylérghdridia e mgdametdlidal film

t hi ckness of the high refractive index |layer as the third layer, and Fig.
365 i s parosdmecum iflhotmnatpr i<al? hddy 402.ustdaats mpadigically, the

fitting 401 includes the cptical body 402 and a frame memberﬂ
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 reﬁoved, whern
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 llmlted to such an example and
embodlments of the present technology can be appliecd to
various types of fittings that include lighting portions.
Fig. 34B is a sectional view illustrating one example
of construction of the optical body 402. As illustrated in
Fig. 34B, the optical body 402 includes a base 411 and an
optical film 1. The optical film 1 is dispesed on cone of
two principal 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., cn the

side facing the window member or outward). The optical film
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cal cul ation result of the blueness index with respect to the geonetrical
fil mthickness of the high refractive index |ayer as the first |ayer and
t he geonetrical filmthickness of the high refractive index |ayer as the
third | ayer. In Fig. 36A, a point denoted by "o" hatched with
rightward falling slants represents the redness index value obtainéd in
TEST EXAMPLE 7-2. In Fig. 36B, a point denoted by "o" hatched with
rightward falling slants represents the bl ueness index val ue obtained in
TEST EXAMPLE 7- 2. The follow ng points are understood from Table 3
and Figs. 35A, 353, 36A and 363. (TEST EXAMPLE 6-1) I n TEST EXAMPLE

6-1, whenrrdhergeonrid isaal Hfrid mithieknass fcr herhighiref ractive i ndex
layer as the first layer and the geometrical filmthickness of the high
ref r actife JiReeX dyayer g .t he indid@yelyer excenyerdredive aphiceal film
t hi cknesses, (z, y, z) = (77.44, 10, 77.44) is resulted. In this case, the
conbi ndtiterpefsgdX batwezhn cokmespodieng-Har TEST doXAMRLE t6-ch edf rgsponds to
a point that falls within the region represented by the formula (1) and
t hat falHcsi i tdpiaritfiealéy dher eprtesendt dobdy 4018 figr mdta 1(i2)ited to
Further, as illustrated in Fig. 35A, the point representing the redness
i ndex vdleud lilmsSTEST cEXAMPIE 16- Brics thusiantomed indide tieey Boundswdy at whi ch
t he redness i ndex :
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.g., glass, resin, paper, or cloth. In consideration of
the case of taking visible light into a predetermined indcor
space, for example, a resin having transparency 1is
preferably used as the material of the base 411. The glass,
the resin, the paper, or the c¢loth used here may be the same
as that generally used as optical bodies in ordinary
fittings. The coptical film 1 used here may‘be cne Ltype or a
combination of two or more types of the opﬁical films 1
according to the above-described first to sixth embodiments.
[EXAMPLES]
_ The present technology willlbe described in more detail
below in connection with EXAMPLES, but the present
technology is not limited tc the following EXAMPLES.
[Simulation]
In EXAMPLES described below, optical characteristics of

multilayer films were determined through a simulation when

the film thicknesses of the layers in the multilayer film of
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val ue takes 0.258 and, as illustrated in Fig. 358, the point representing
t he bl ueness index value in TEST EXAMPLE 6-1 is positioned inside the
boundary at which the blueness index val ue takes 0.210. Accordi ngly,
the color tone of the reflected |ight in TEST EXAMPLE 6-1 is thought as
bei ng viewed neutral. Thus, the sinulation result matches with the
observation result of the external appearance of the optical body"
according to EXAMPLE 1-1. (TEST EXAMPLE 7-1) . I n TEST EXAMPLE 7-1,
when the geonetrical filmthickness of the high refractive index |ayer as
the first layer and the geonetrical filmthickness of the high refractive

i ndex L.ayen.«as Jdhe nihizhd rager, ke Fampid.ed e eRthcalt ibnl Matshi cknesses,
(x, y, z) = (56.144, 10, 60.016) is resulted. In this case, the

conbi Nglirg ratfed on Ywul%) 169 SRARG, Neher@ 1 BReH EXAMBIE &1l ceamiesponds to
a point that does not fall within the region represented by the fornula

(1) andrdraExhapisaithi kot he o egiyomsiepy asented il 1t ke ridamdlon (2) .
Further, as illustrated in Fig. 35A, the point representing the redness
i ndex valftgraire TESHhEXAMRLE )7 alraid gpds tireme @RGUt(Sipdd dalle Reewrdaty at
whi ch the redness index value takes 0.258 and, as illustrated in Fig. 358,
t he poiratsorepresent i Ag tthe Blimedess omden waltiealn FIEST tEXAMPIEES7- 1 i s

was used as the film thickness of each of the high

refractive index layers as the first and third layers.

Respéctive values of the blueness index, the redness index,

the transmittance of wvisible light, and the shading factor

were determined when the optical film thickness x of the

high refractive index layer as the first layer, the optical

film thickness y of the high refractive index layer as the

third layer, and the geometrical f£ilm thickness z of the

metal layer were changed.

(TEST EXAMPLE 1-1)

A multilayer film was assumed-which had a three-layer
structure obtained by stacking a high refractive index layer
and a metal layer. Details of construction of the
multilayer film are as follows:

Layer structure: high refractive index layer / metal layer
/- high refractive index layer
High refractive index layer:
Material: GAZO

Refractive index: 1.936

Geometrical film thickness of first layer: 10 nm
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positioned inside the boundary at which the blueness index val ue takes

0. 210. Accordingly, the color tone of the reflected light in TEST
EXAMPLE 7-1 is thought as being viewed reddish. Thus, the sinulation
result matches with the observation result of the external appearance of

t he -opti cal body according to COVWARATI VE EXAMPLE 1-1. (TEST EXAMPLE 7-2)
In TEST EXAMPLE 7-2, when the geonetrical filmthickness of the high
refractive index layer as the first layer and the geonetrical film

t hi ckness of the high refractive index |ayer as the third | ayer are
converted to optical filmthicknesses, (x, y, z) = (106.48, 12, 114.224)
is resulted,. ! a t he ! FO ( r:Zp0Camresponding to
TEST EXANPLEe5@3£g%g?gsgg%ﬂsgﬁéggﬂgggﬁ%ftEg$£?aF?g¥mjthin t he region
representgd_hyqthe.f.ormula (1) and that does not fall within the region
represented by the fornmula (2). Further, as illustrated in Fig. 36A,
the point rgpresentt nfqkiheqredness i ndex value in TEST EXAMPLE 7-2 is
positioned inside the %oundary at which the redness index val ue takes
0.258 and, assihtusteatfdeikn FiLp6436B, the point representing the bl ueness
i ndex value in TEST EXAMPLE 7-2 is positioned outside the boundary at

whi ch the btuemessitalleXxival teitakessO. 210m Accordingly, the color
tone of the reflected light in TEST EXAMPLE 7-2 is thought as being viewed
bl ui sh.(THsTs EXANELSE fulzati on result matches with the observation result of
t he external appearance of the optical body according to COVPARATI VE
EXAMPLE 1- 22 multiPsyedestiibedaabaveunefeaehangéEfh ESPYFLEoRelof the

opti cal body can be suppressed by setting the filmthicknesses of the

| ayer s eixgepite fmyl Chaagdnd ithm ¢ Lith & higk@leangich e & iV S5t 1€kt i ng | ayer
such that the redness index value and the bl ueness .i ndex ve{u are each
hel d iﬁhﬁhéméﬁéd@W@ﬁhﬁﬁéﬁlﬁ%@ﬁbﬁhat the geometrical film thickness

of the high refractive index layer as the first layer, the
geometrical film thickness of the metal layer, and the
geometrical film thickness of the high refractive index
layer as the third layer were 25 nm, 7 nm, and 15 nm,
respectively.

(TEST EXAMPLE 2-1)

| A multilayer film was assumed as in TEST EXAMPLE 1-1
except for changing the film thicknesses of the layers in
the multilayer f£ilm such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical film thickness of the metal layer, and the
geometrical film thickness of the high refractive index
layer as the third layer were 45 nm, 9 nm, and 45 nm,
respectively.

(TEST EXAMPLE 2-2)

A multilayer film was assumed as in TEST EXAMPLE 1-1
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VWil e the enbodi nents of the present technol ogy have been described in
detail above, the present technology is not limted to the above-descri bed
enbodi ments and can be variously nodified on the basis of the technical
concept of the present technol ogy. For exanpl e, the constructions
(configurations), the methods, the shapes, the materials, the nunerical
val ues, etc. explained in the foregoing enbodi mrents are nerely nenti oned
for illustrative purpose, and different constructions (configurations),
nmet hods, shapes, materials, numerical values, etc. can also be used when
necessary. Al so, the constructions (configurations) in the

above- deseidthed remdhedigent reart iden salieddriamias eairired aydts each ot her
wi t hout departing fromthe scope of the present technol ogy. VWi | e
t he forgoinng teémagei-meritls rave bgert descrgdweds t ycadayr idfm edtaingiressd n
connection with the case where the w ndow blind and the rolling screen
devi ce cr e hramuialhl yedpercatied;, itrfteswilrdey BEd ndeand tste Tragldiingtscr een
device may be electrically operated. The foregoi ng enbodi nents have
been dasmmichad.caBy May ¢hiskargsise,ofi ricomsect)i dmysnt/h arke tdese where the
optical filmis affixed to the adherend, such as the w ndow menber.

Howev erdecfied rd@iidr dadm Sidis ke ashe fni o Eh@af ramhi we duistituted as
the first optical |layer or the second optical |ayer itself of the optical
film FRMCIMSd fihGaitidh dedasds “aée ddhéfend, cRis 1hé™wi ndow nenber,

to have the di,re(iti onal reflection function in advance.
respectively.

(TEST EXAMPLE 3-1)

A multilayer film was assumed as in TEST EXAMPLE 1-1
except for changing the film thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical film thickness of the metal layer, and the
geometrical film thickness ¢f the high refractive index
layer'as the third layer were 40 nm, 10 nm, and 40 nm,
reépectively.
= TEST EXAMPLE 3-2)

A multilayer film was assumed as in TEST EXAMPLE 1-1
except for changing the film thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical fiilm thickness ¢f the metal layer, and the
gecmetrical film thickness of the high refractive index
layer as the third layer were 31 nm, 10 nm, and 29 nm, .

respectively.
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Wil e the foregoi ng enbodi nents have been described, by way of exanple, in
connection with the case where the optical body is the optical film the
shape of the optical body is not limted to a film and the optical body
may have a plate- or block-Iike shape. Wil e the foregoing :
enbodi nents have been described, by way of exanple, in connection with the
case of applying the present technology to the interior or exterior
menbers, such as the w ndow nenber, the fitting, the slat of the w ndow
blind, and the screen of the rolling screen device, application exanples
of the present technology are not limted to the illustrated ones, and

enbodiq%%; W38 Present technol ogy are further applicable to other
interior éﬁh%%§ﬁerﬁgfﬁﬁﬁnbers t han the above-descri bed ones.

Exanpl es of xt Rﬁlitﬂ%ggbw R LR RED &S 1o TwRiTC hxhiereptiical body

according to the e di rent of the present technol ogy can be applied

i ncl ude, AR dthtRy Qh-0ly 18t &MHeOr s MByrhari Jierdmt Py ft hercoptdeats biody itsel f,
and an intéerior or exterior nmenber fornmed by a transparent base to which a
di r ect iroralmunefiliestar fismafdfictecthBy s tad dndty istch filn nileirdiore f
exterior menber indoors or outdoors near a window, it i's possible, for
exanpl er trdivieet iretaldar iref liectesonlayan danftlar edirsty taoydihe Tt door and
to take visible light into the indoor. Accordingly, when the interior or
ext eri @ecmerthdrcals finst aHieknawecesSitthe ofetdlghtayey f emdartiendoor space i s
reduced. Further, since the interior or exterior nenber hardly causes
‘scat t egercefdtetitdadn fidwardhithendsrlonT Hiadiah tenfparctifre ¥dE in the
surroundi ngs can be suppressed. In addition, the optical body may be

appl i ed-ayemwtarerthaf filkimy Ieaayetwearsner suladhershdHnd Heh e transpar ent
base depending on the desired purpose of, for exanple, controlling

vi si bi IHespeartd/verlsi-ncr easi ng strengt h. VWi | e the foregoing

enbodi mrents have been described, by way of exanple, in connection with the
case of (T&pHl ya%fdIRIfe dorlesent t echnol ogy to the window blind and the

rollin .
d A multilayer film was assumed as in TEST EXAMPLE 1-1

except for changing the film thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical film thickness of the metal layer, and the
geometrical film thickness of the high refractive index
layer as the third layer were 45 nm, 11 nm, and 50 nm,
respectively.

(TEST EXAMPLE 4-2)

A multilayer film was assumed as in TEST EXAMPLE 1-1
except for changing the film thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical film thickness of the metal layer, and the

geometrical film thickness of the high refractive index
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screen device, application exanples of the present technol ogy are not

limited to the illustrated ones, and enbodi nents of the present technol ogy
are further applicable to various types of solar shading devices installed
on the indoor or outdoor side. Wil e the foregoi ng enbodi nents have

been descri bed, by way of exanple, in connection with the case of applying
the present technology to the solar shading device (e.g., the rolling
screen device) where a degree at which the sol ar shadi ng nenber cuts off
the incident |light can be adjusted by taking up or letting out the solar
shadi ng nenber, application exanples of the present technol ogy are not
limtedayert he idHaustiated :Qre. «=ofe eXampl,e,1lemigdiai@nts ofn,t he present

technol ogy are further applicableto a solar shading device where a degree
at whi gl spegliafeishadi ng nmenber cuts off the incident light can be
adjusted by -folding or unfolding the solar shading nenber. One exanpl e of
such a (Solsar exrarhiimg 5ddyi ce is a pleated screen device where a degree at
which a sol ar shadi ng nmenber cuts off the incident |ight can be adjusted
by fol ding armudtéldyrg &idoreen assuhedseladnsREGINGXANRBEr 1ird t he form
of bellows. - While the foregoing enbodi nents have been described, by
way of eexampl €01 rheonriect itdve il tthd dass ssfs @fplifiend awee pridsent
technol ogy to a horizontal -type window blind - (Venetian w_ndow blind),
enbodi reéwet SWeit itlseepr Eddmt sucdc e to i earde ARG lagpl it 481 € 6 58
vertical -type w ndow blind. The present disclosure contains subject matter
rel at e@f the high refractive index layer as the first layer, the :

geometrical film thickness of the metal layer, and the

geometrical film thickness of the high refractive index

layer as the third layer were 45 nm, 12 nm, and 51 nm,

respectively.

(TEST EXAMPLE 5-2)

A multilayer film was assumed as in TEST EXAMPLE 1-1

except for changing the film thicknesses of the layers in

the multilayer film such that the gecmetrical film thickness

‘of the high refractive index layer as the first layer, the

geometrical film thickness of the metal layer,_and the

geometrical film thickness of the high refractive index

layer as the third layer were 51 nm, 12 nm, and 55 nm,

respectively.

(TEST EXAMPLE 5-3)

A multilayer film was assumed as in TEST EXAMPLE 1-1
except for changing the film thicknesses of the layers in

the multilayer film such that the geometrical film thickness

of the high refractive index layer as the first layer, the
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to that disclosed in Japanese Priority Patent Application JP 2010-137784
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 nodifications, conbinations,
sub-conbi nations and alterations may occur depending on design
requirenents and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof. WHAT IS CLAIMED IS: 1. An
optical body conpri sing:

geometrical film thickness of the metal layer, and the

geometrical film thickness of the high refractive index

layer as the third layer were 37 nm, 12 nm, and 43 nm,

respectively.

(TEST EXAMPLE 5-4)

A multilayer film was assumed as in TEST EXAMPLE 1-1

except for changing the film thicknesses of the layers in

the multilayer film such that the geometrical film thickness

of the high refractive index layer as the first layer, the.

geometrical film thickness of the metal layer, and the

geometrical film thickness of the high refractive index

layer as the third layer were 55 nm, 12 .nm, and 59 nm,

respectively.

[Simulation Results]

Table 1 lists the results of the simulations performed

on the multilayer films in TEST EXAMPLES 1-1 te 5-4.
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having a multilayer structure

|l east. a first high refractive index
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and a second high refractive index |ayer,

havi ng a concave-convex surface;

| ayer
a second opti cal

and.
wavel engt h-sel ective reflecting | ayer to enbed the concave-convex surface,

wavel engt h-sel ective reflecting |ayer formed on the concave-convex

t he wavel engt h-sel ective reflecting |ayer

formed by successively stacking at
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a second optical layer fornmed on the wavel engt h-sel ective reflecting | ayer
to enbed the concave-convex surface, ' t he wavel engt h-sel ective”™
reflecting | ayer having a nultilayer structure fornmed by 'successively
stacking at least a first high refractive index |ayer, a netal |ayer, and
a second high refractive index |ayer, wherein, given that optical

fil mthicknesses of the first high refractive index |ayer and the second
high refractive index |ayer are x and y, respectively, and a geonetri cal
filmthickness of the netal layer is z, x, y and z satisfy the follow ng
formula (2): < 12.2ex4 pf ( X -y )"0 1 (0.70(x4-0-120)21 62.71299. 41"

3 iTQ?yofLie'f?é ?8%@9@@ gupgt% FhAL Akt ¥B8LC oty Thp3Rd 12 Turther

(Geometrical Film Thickness of Metal Layer = 7 nm)

In TEST EXAMPLE 1-1, the redness index value is larger
than 0.258, and hence the combination of (x, y, z) does not
fall within the region represented by the formula {(1). On
the other hand, the blueness index value is smaller than
0.170, and hence the combination éf (x, y, z)} falls within
the region represented by the formula (6).

In TEST EXAMPLE 1-2, the redness index wvalue is larger
than 0.200 and smaller than 0.250, ahd hence the combination
of (%, vy, z) falls within the region represented by the
formula (3). Also, the blueness index‘value is smaller than
"0.170, and hence the combination of (x, vy, z) falls within
the region represented by the formula (6).

(Geometrical Film Thickness of Metal Layer = 9 nm)

In TEST EXAMPLE 2-1, the redness index value is not
larger than 0.200, andrhence the combination of (x, y, z)
falls within the region represented by the formula (5).
Also, the blueness index wvalue is smaller than 0.170, and
hence the combinafion of (%, v, z) falls within the region
represented by the feormula (6). |

In TEST EXAMPLE 2-2, the redness index value is larger
than 0.258, and hence the combinaticn of (x, y, z) does not
falls within the region represented by the formula (1). On

the other hand, the blueness index value is larger than
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(x-120 \ 2 1 (y-120\ 21 ...(3) z < 12.1 expf- 21 121.57/ 2 | 107.57/

4. The optical body according to aim2, wherein x, y and z further
satisfy the following fornula (4): 1 (x-v)2 1 (0.70(x+y)-110)21...(4) <
11. 8exp{ 4 |61.22} 297.89 5. The optical body according to C aim
3, wherein x, y and z further satisfy the followng fornula (5):

0.170 and smaller than 0.2@0, and hence the combination of
(%, y,‘z) falls within the region represented by the formula
(4) .

(Geometrical Film Thickness ¢f Metal Layer = 10 nm)

In TEST EXAMPLE 3-1, the redness index value is larger
than 0.200 and smaller than 0.250, and hence the combination
of (x, y, z) falls within the region represented by the
formula (3). Also, the bklueness index value is.larger than
0.170 and smaller than 0.200, and hence the combination of
{x, v, z) falls within the region represented by the formula
(4).

In TEST EXAMPLE 3-2, the redness index value is larger
than 0.258, and hence the combination of (%, vy, z} does not
fall within the region repreéented by the formula (1). On
the other hand, the blueness index value is larger than
0.170 and smaller than 0.200, and hence thé combination of
(x, v, z) falls within the region represented by the formula
(4).

In TEST EXAMPLE 3-3, the recdness index value is larger
than 0.200 and smaller than 0.250, and hénce the combination
of (%, y, z) falls within the region represented by the

- formula (3}). Also, the blueness index value is larger than
0.170 and smaller than 0.200, and hence the combination of

(x, v, z) falls within the region represented by the formula

(4y).
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Zx--120 )2 1 (' y-1-20 )2 9.70 expf- (A 2 147.1391 2 k 121.942/ 6.
The optical body according to aim4, wherein x, y and z further satisfy

the following fornmula (6): 1 (0.7(x+y) -110)2 ...(6) Z5_ 9.72expl 12-
(.7(x- 50.00 241-5)2 2134J6

(Gecmetrical Film Thickness of Metal Layer = 11 nm)

In TEST EXAMPLE 4-1, the redness index value is larger
than 0.200 and smaller than 0.250, and hence the combination
of (%, v, Z) falls within the region represented by the
formula {(3). Also, the blueness index value is larger than
0.170 and smaller than 0.200, and hence the combinaticn of
(x, y, z) falls within the region represented by the formula
(4.

In TEST EXAMPLE 4-2, the redness index value is larger
than 0.258, and hence the combination of (x, y, z) does not
fall within the region represented by the formula (1). o©n
the other hand, the blueness index value is larger than
0.200 and smaller than 0.21C, and hence the combinaticn of
(%, v, =z} falls ﬁithin the région represented by the formula
(23 .

(Geometrical Film Thickness of Metal Layer = 12 nm)

In TEST EXAMPLE 5-1, the redness index value is larger
than 0.258, and hence the combination of (x, y, z) does not
fall within the region represented by the formula (1). On
the other hand, the blueness index value is larger than
0.200 and smaller than 0.210, and hence the combination of
(2, y, z) falls within the region represented by the formula
(2).

In TEST EXAMPLE 5-2, the redness index value is larger

than 0.250 and smaller than 0.258, and hence the combination
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7. An optical body conprising: = a first optical |ayer having a
concave-convex surface; a wavel ength-sel ective reflecting |ayer formed on
t he concave-convex surface; and a second optical layer formed on the
wavel engt h-sel ective reflecting | ayer to enbed the concave-convex surface,
t he wavel engt h-sel ective reflecting | ayer having a nmultilayer structure
formed by successively stacking at least a first high refractive index

| ayer, a netal |ayer, and a second high refractive index |ayer,

wherein, given that optical filmthicknesses of the first high refractive
i ndex |layer and the second high refractive index |ayer are x and vy,

eSheChEY G SRl st bk aver 1 2. X
formula (1). Also, the blueness index value is larger than
0.200 and smaller than 0.210, and hence the combination of
(X, v, Z) falls within the region represented by the formula
(2).

In TEST EXAMPLE 5-3, the redness index value is larger
than 0.258, and hence the combination of (%, y, z) does not
fall within the region represented by the formula (1}. On
the other hand, the blueness index value is larger than
0.200 and smaller than 0.210, and hence the combination of
(x, v, z) falls within the region represented by the formula
2).

In TEST EXAMPLE 5-4, the redness index value 1is larger
than 0.200 and smaller than C.250, and hence the ccmbination
of {x, y, z) falls within the region represented by the
formula (3). On the other hand, the blueness index value is
larger than 0.210, and hence the combination.of (x, y, z)
does not fall within the region represented by the formula
(2).

[Observation .of External Appearances and Simulations of
Optical Bedies]

Next, optical bodies were fabricated according to the
following EXAMPLE 1-1 and COMPARATIVE EXAMPLES 1-1 to 1-2.
Further, optical characteristics of multilayer films

according to the following TEST EXAMPLE 6-1 and TEST
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(x-120 \ 2 1(Y--120 2 -0) < 12.1 CXDf - 1-1.. 2 145.172 k 123.10

z<12. 2exp{ (x-y\2 1 (0.70(x+y)-120)2 4 62.71)299.41"..(2) 8. The
optical body according to Claim1l, wherein x, y and z satisfy relational
expressions of 19.36 nmx, y 135 nm 7 nnzl2 nm

EXAMPLES 7-1 to 7-2, which were assumed respectively
corresponding to the fabricated multilayer films of EXAMPLE
1-1 and COMPARATIVE EXAMPLES 1-1 o 1-2, were determined
through simulations. Further, the observation results of
external appearances of EXAMPLE 1-1 and COMPARATIVE EXAMPLES
1-1 to 1-2 were compared respectively with the simulation
results of TEST EXAMPLE 6-1 and TEST EXAMPLES 7-1 to 7-2.
(EXAMPLE 1-1)

The nmultilayer film constituting the reflecting layerr
of the optical body had a three-layer structure obtained by
stacking a high refractive index layer and a metal layer.
Details of construction of the multilayer film are as
lelows:

Layer structure: high refractive index layer / metal layer
/ high refractive index layer
High refractive index layer:

Material: GAZO

Geometrical film thickness of first layer: 40 nm

Geometrical film thickness of third layer: 40 nm

Metal laver:

Material: AgNdCu

Geometrical film thickness: 10 nm

The multilayer f£ilm was formed by vacuum sputtering
using targets with compositions set forth in Table 2.

Refractive indexes ¢f GAZC and AgNdCu in Table 2 indicate
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9. The optical body according to Claim1, wherein the high refracti ve
i ndex layer contains at | east one selected fromanong a group including
ni obi um oxi de, zinc oxide, titanium oxide, and tantalum oxide, and the

metal |ayer contains a silver alloy. 10. The optical body according
to Caim1, wherein the high refractive index |ayer has a refractive index
of 1.7 or nore and 2.6 or |ess. 11. The optical body according to

Caim1l, wherein the wavel ength-selective reflecting |ayer selectively
directionall'y reflects light in a specific wavel ength band while
transmtting light other than the specific wavel ength band therethrough,
and ued \al 'éew%fvetle?lp%w Ss enrg ngge clarity for the light at

wavel engt AS transmitt ] ng through the optical body is 50 or |arger when
measured in conformty with JIS K-7105 by using an optical conb with a
conb wdth of 0.5 nm _12. The optical body according to Caim1l,
wher ei @a@)lteotzal val ue of transmi ssion i mge clarity for the Ilght at

wavel t‘llgtlla transm-tt ITg tit ngll LGK @pll cat—b uy 'S A déh |drger when
nmeas utred—+nr—eenf-or-mty—wth—3H-S K105 bytustn optiﬁa%w—t—k- conb
(

w dthsg of _0.125 mm 0.5 nm 1.0aJ0% @By ¥t% mMm

Target composition . o Nd 0.4 wt%
S _ ‘A'?OS' 0.31 wt% Cu: 0.6 wt%
Refractive index 1.936 0.164

(COMPARATIVE EXAMPLE 1-1)

The optical body was fabricated as in EXAMPLE 1-1

except for changing the film thicknesses of the layers in
“the multilayer film such that the geometrical film thickness
of the high refractive index layer as‘the first layer, the
rgeometrical film thickness of the metzl layer, and the
geometrical film thickness of_the high refractive index
layer as the third layer were 29 nm, 10 nm, and 31 nm,
respectively.

(COMPARATIVE EXAMPLE 1-2)

The optical body was fabricated as in EXAMPLE 1-1
except for chaﬁginq the film thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as thé first layer, the
gecmetrical film thickness of the.metal layer, and the
gecmetrical film thickness of the high refractive index
layer aé the third layer were 55 nm, 12 nm, and 59 nm,

respectively.
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13. The optical body according to Claim1l, wherein the concave-convex
surface of the first optical layer is fornmed by arrayi ng many structures
in a one-di nensional pattern or a two-di nensional pattern, and t he
structures have a prismlike shape, a lenticular shape, a sem spherical
shape, or a corner cube shape. - 14. The optical body according to
Claiml, wherein the structures are arrayed at a pitch of 5 p.mor nore
and 5 mmor |ess. 15. The optical body according to Claim1l, wherein
a difference in refractive index between the first: optical |ayer and the
second optical layer is 0.010 or |ess. 16. The optical body

N e A e IR
range, yandythe second. @pti calayer (tontaiRg AnGidedTie 23fdicii,ves.

and the above-mentioned metél or alloy having a high
reflectance in the infrared range can also be used. The
metal layer having a high reflectance in the infrared range
cdntains, as a main component, Au,.Ag, Cu, Al, Ni, Cr, Ti,
Pd, Co, Si, Ta, W, Mo or Ge alone, or an alloy containing
two or more selected from ameong those elements, for example.
Of those examples, Ag-, Cu-, Al-, Si- or Ge-based materials
are preferable in conéideration 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,
Alcf, AlCo, AlNdCu, AlMgSi, AgBi, AgNdCu, AgPdCu, AgPdTi,
AgCuTi, AgPdCa, AgPdMg, AgPdFe, Ag, or S5iB, for example.

| The geometrical film thickness of the metal layer is
preferably 7 nm or more and 9 nm or less. The reason is
that, when such a condition is satisfied, the transmittance
and the reflectance for the light incident on the optical
body can be each held in a preferable range.
[Cbservation Results of External Appearance]
(EXAMPLE 1-1)

 As a result of observing the external appearance of the
optical body fabricated according to EXAMPLE 1-1, the color

tone of light reflected by the optical body was neutral.

(COMPARATIVE EXAMPLE 1-1)
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17. The optical body according to Claim1l, further conprising a

wat er-repell ent or hydrophilic layer on an incident surface of the optical
body. 18. The optical body according to Claim1l, wherein the optical
body directionally reflects light in a specific wavel ength -band to prevent
the light in the specific wavel ength band fromentering a predeterm ned
space, while transmtting |ight other than the specific wavel ength band

t herethrough to be taken into the predeterm ned space. 19. A wi ndow
menber including the optical body according to Caim1. 20. A
fitting including a lighting portion provided with the optical body

iggordi ng tg %%Q&&RZ% é‘bé@k@in?héﬁéngxgﬂhﬁ@ 8PPBE-aLRE @RetAE nore -
- solar ading nenbers to cut off sunlight

optical body fabricated according to COMPARATIVE EXAMPLE 1-1,

z reddish color tone was perceived in the light reflected by

the optical body.

{COMPARATIVE EXAMPLE 1-2)

As a result of observing the external appearance of the
optical body fabricated according to COMPARATIVE EXAMPLE 1-2,
a bluish color tone was perceived in the light reflected by
the optical body was perceived.

[Simulation]

Next, optical characteristics of each multilayer film
constituting the reflecting layer of the optical body were
determined through a simulation performed onrthe multilayer
films according teo the following TEST EXAMPLE 6-1 and TEST
EXAMPLES 7-1 to 7-2, which were assumed respectively
correéponding to the multilayer films in the fabricated
optical bodies of EXAMPLE 1-1 and COMPARATIVE EXAMPLES 1-1
to 1-2. The simulation was performed 5y using the optical
simulation software (Light Tocls) available from ORA
(Optical Research Associates).

(TEST EXAMPLE 6-1)

A multilayer film was assumed which had a three-layer

structure obtained by stacking a high refracti%e index layer

and a metal layer. Details of construction of the

multilayer film are as follows:
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\&herei n the sol ar shadi ng nenber includes the optical body according to
aim 1. : '

Layver structure: high refractive index layer / metal layer
/ high refractive index layer
High refractive index layer:

Material: GAZO

Geometrical film thickness of first layer: 40 nm

Geometrical film thickness of third layer: 40 nm

Metal layer:

Material: AgNdCu

Geometrical film thickness: 10 nm
(TEST EXAMPLE 7-1)

A rmultilayer film was assumed as in TEST EXAMPLE é&-1
except for changing the film thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical film thickness of the metal layer, and the
geometrical film thickness of the high refractive index
layer as the third layér were 29 nm, 1C nm, and 31 nm,
respectively.

(TEST EXAMPLE 7-2)

A multilayer film was assumed as in TEST EXAMPLE 6-1
except for changing the film thicknesses of the layers in
the multilayer film such that the geometrical film thickness
of the high refractive index layer as the first layer, the
geometrical film thickness of the metal layer, and the

geometrical film thickness of the high refractive index
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layer as the third layer were 55 nm, 12 nm, and 59 nm,
respectively.

[Simulation Results]
Table 3 lists the results of the simulations performed
on the multilayer films in TEST EXAMPLE 6-1 and TEST

EXAMPLES 7-1 to 7-2.
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Fig. 35A i$ a contour plot at z = 10 nm, illustrating
the calculation result of the redness index with respect to
the geometrical film thickness of the high refractive index
layer as the first layer and the geometrical film thickness
of the high refractive index layer as the third layer, and
Fig. 35B is a contour plot &@t.z = 10 nm, illustrating the
calculation result of the blueness index with respect to the
geometrical film thickness of the high refractive index
layer as the first layer and the geometrical film thickness
of the high refractive index layver as the third layer.

In Fig. 35A, a point denoted by "o" represents the
redness index value cbtained in TEST EXAMPLE ©-1, and a
point denoted by "o" hatched with rightward rising slants
represents the redness index value obtained in TEST EXAMPLE
7-1. In Fig. 35B, a point dénoted by "o répresents the
blueness index value obtained in TEST EXAMPLE 6-1, and a
point denoted by "o" hatched with rightward rising slants
represents the bluenéss index value obtained in TEST EXAMPLE
7-1. | |

Fig. 36A is a contour plot at z = 12 nm, illustrating
the calculation result of the redness index with respect to
the geometrical film thickness of the high refractive index
layer as the first layer and the geometrical film thickness
of the high refractive index layer as the third layer, and

Fig. 36B is a contour plot at z = 12 nm, illustrating the
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calculation result of the blueness indéx with respect to the
geometrical film thickness of the high refractive index
layer as the first layer and‘the geometrical film thickness
0f the high refractive index layer as the third layer.

In Fig. 36A, a point denoted by "o" hatched with
rightward falling slants represents the redness index value
obtained in TEST‘EXAMPLE 7~2. In Fig. 36B, a point denoted
by "o" hatched with rightward falling slants represents the
blueness index value obtained in TEST EXAMPLE 7-2. |

Thé following points are understobd from Table 3 énd
Figs. 35A, 35B, 36A and 36B.

(TEST EXAMPLE 6-1)

In TEST EXAMPLE 6-1, when the geometrical film
thickness of the high refractive index layer as the first
layer and the gepmetrical film thickness of the high
refractive index layer as the third layer are converted to
optical film thicknesses, (z, v, zj = (77.44, 10, 77.44) is
resulted. In this case, the combination of (x, vy, z)
corresponding to TEST EXAMPLE 6-1 corresponds to a point
that falls within the region represented by the formula (1)
and that falls within the region re?resented by the formula
(2) .

Further, as illustrated in Fig. 35A, the point
representing the redness index value in TEST EXAMPLE 6-1 is

positioned inside the boundary at which the redness index
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value takes 0.258 and, as illustrated in Fig. 35B, the point
representing the blueness index value in TEST EXAMPLE 6-1 is
positioned inside the boundary at which the blueness index
value takes 0.210.

Accordingly, the color tone of the reflected light in
TEST EXAMPLE 6-1 is thought as being viewed neutral. Thus,
the simulation result matches with the cbservation resull of
the external appearance of the optical body according to
EXAMPLE 1-1. |
(TEST EXAMPLE 7-1)

In TEST EXAMPLE 7-1, when the geometrical film
thickness of the high refractive index layer as the first
layer and the geometrical film thickness of the high
refractive index layer as the third layer are converted to
optical film thicknesses, (%, y, z) = (56.144, 10, 6G.016)
is resulted. 1In this case, the combination of (%, y., %)
corresponding to TEST EXAMPLE 7-1 corresponds to a point
that does not fall within the region represented by the
formula (1} and that falls within the region represented by
the formula (2).

Further, as illustrated in Fig. 35A, the pcint
representing the redness index value in TEST EXAMPLE 7-1 is
positioned outside the boundary at which the redness index
value takes 0.258 and, as illustrated in Fig. 35B, the point

representing the blueness index value in TEST EXAMPLE 7-1 is
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positioned inside the boundary at which the blﬁeness index
value takes O.ZiO.

Accordingly, the color tone of the reflected light in
TEST EXAMPLE 7-1 is thought as being viewed reddish. Thus,
the simulation result matches with the observation result of
the external appearance of the optical body according to
COMPARATIVE EXAMPLE 1-1. |
(TEST EXAMPLE 7-2)

In TEST EXAMPLE 7-2, when the gecometrical film
thickness of .the high refractive index layer as the first
layer and the gecmetrical film thickness cf the high
refractive index layer as the third layer are converted to
optical film thicknesses, (x, y, z) = (106.48, 12, 114.224)
is resulted. In this case, the combination of (%, v, z)
corresponding to TEST EXAMPLE 7-2 corresponds to a point
that falls within the region represented by the formula (1)
and that does not fall within the region-represented by the
formula (2).

Further, as illustrated in Fig. 36A, the point
representing the redness index wvalue in TEST EXAMPLE 7-2 is
positioned inside the boundary at which the redness index
value takes 0.258 and, as illustrated in Fig. 36B, the point
representing the blueness index value in TEST EXAMPLE 7-2 1is
positioned outside the boundary at which the blueness index

value takes 0.210.
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Accordingly, the color tone of the reflected light in
TEST EXAMPLE 7-2 is thought as being vigwed bluish. Thus,
the simulation result matches with the observation resuit of
the external appearance of the optical body according to
COMPARATIVE EXAMPLE 1-2.

As déScribed—above,-the change in color toeone of the
optical body can be suppressed by setting the film
thicknesses of the layers in the multilayer film of the
wavelength-selective reflecting layer such that the redness
index value and the blueness index value are each held in
the predetermined region.

While the embodiments of the present technology have
been described in detail above, 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 technelogy.

For example, the constructions (configurations), the
methods, the shapes, the materials, the ﬁumerical values,
etc. explained in the foregoingrembodiments are merely
mentioned for illustrative purpose, and different
constructions {(configurations), methods, shapes, materials,
numerical values, etc. can also be used when necessary.

Also, the constructions (configurations) in the above-
described embodiments can be selectively combined with each

cther without departing from the scope of the present
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| technology.

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

The foregoing.embodiments have been describéd, by way
of example, in connection with the case where the optical
film is affixed to the adherend, such as the window member.
However, the adherend, such as the window member, may be
‘constituted as the first optical layer or the second optical
layer itself of the optical film. That modification enables
the adherend, such as the window member, to have the
‘directional reflection function in advance.

While the foregoing embodimenﬁs have been described, by
way of example, in connection with the case where the
optical body is the optical film, the shape o©f the optical
body is not limited to a film, and the optical body may have
ia plate- or block-like shape. |

Wﬁile 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
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limited to the illﬁstrated ones, and embodiments of the
present‘technolégy are further applicable to other interior
and exterior members than the above-described ones.

Examples of the interior or exterior members to thch
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 base to which a
directional reflector is affixed. By installing suéh an
interior or exterior member indoors or outdoofs‘near a
window, it is possible, for example, to directionally
reflect only an infrared ray tec the outdoor and to take
vigible light intd 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 reflection
toward the indoor side, a temperature rise in the
surroundings can be suppressed. In addition, the optical
body may be appiied to other affixiﬁg target members
(adherends) than the transparent base depending on the
desired purpose of, for example, controlling visibility
and/or increasing strength.

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

present techhology to the window bliind and the rolling
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screen device, application examples of tﬁe present
technology are not limited to the illustrated omnes, and
embodiments of the present technology are further applicable
to various types of solar shading devices installed on the
indoor or outdoor side.

While the foregbing embodiments have been deécribed, by
way of example, in connection with the case of applying the
present technology to the solar shading device (e.g., the
rolling screen device) where a degree at which the solar
shading member cuts off the incident light can be adjusted
by taking up or letting out the solar shading member,
application examples of the present technology are not
limited to the illustrated one. For example,. embodiments of
the present technology are further applicable to a solar
shading device where a degree at which a solar shading
member cuts off the incident light can be adjusted by
-folding or unfolding the solar shading member. One example
of such a solar shading device is a pleated screen device
where a degree at which a solar shading member cuts off the
incident light can be adjusted by folding or unfolding a
screen as the solar shading member in the form of 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 blind), embodiments of the present
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technoioqy'are further applicable to a vertical-type window
blind.

The presenf disclosure contains subjiect matter related
to that disclosed in Japanese Priority Patent Application JP
2010-137784 filed in the Japan Patent Office on June 16,
2010, the entire contents of which are hereby incorporated
by reference.

I+ should be understood by those skilled in the art
that various modifications, cembinations, sub-combinations
and alterations may occur depending on desigﬁ reguirements
and other factors inscofar as they are within the‘scope of

the appended claims or the equivalents thereof.
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WHAT IS CLAIMED IS:

1. An optical body comprising:

a first optical layer having a concave-convex surface;

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

a second optical layer formed on the wavelength-
selective reflecting layer to embed the concave-convex
surface,

the wavelength-selective reflecting layer having a
multilayer structure formed by successively stacking at
least a first high refractive index layer, a metal léyer,
and a second high refractive index layer,

wherein, given that optical film thicknesses of the
first high refractive index layer and the second high
refractive index layer are x and y, respectively, and a
- geometrical film thickness of the metal laver is =z, %, y and

z satisfy the following formula (1):

- 1 (z—120\2 1 fy—120\2
< é 12-16Xp{—§ (%) -5 (%?—;_E) }...(1)

2. An optical body comprising:
a first optical layer having a concave-convex surface;
a wavelength~selective reflecting layer formed on the

concave-convex surface; and
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'aféeéond-optical layer formed on the wavelength-
selective reflecting laver tc embed the concave-convex
surface,

the wavelength—selective reflecting layer having a
multilayer structure formed by successively stacking at
ieast a first high refractive index layer, a metal layer,
and a-second high refractive index laver,

wherein, given that optical film thicknesses of the
first high refractive index layer and the second high.
refractive index layer are x and y, respectively, and a
geometrical film thickness of the metal layer is z, x, y and

z satisfy the following formula (2):

2
1 /z—y 2 1 {0.70(z+y)—120
z < 12.2exp{-7 (—%_?’1) ~5 ( 39.41 * ) poe@

3. The optical body according to Claim 1, wherein x, y

and z further satisfy the following formula (3):

- 1 (z—120%\2 1 (y—120\2y .
z < 12.1exp{-5 (f3187) -3 (Grz7) 1@

4. The optical body according to Claim 2, wherein x, y

and z further satisfy the following formula (4):

2
1 [ z—y\2 1 {0.70(z+y)—110\*1 ...
z < 11.8exp{-; (575) -3 ( 97.89 ) Jro@
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5. The optical body according to Claim 3, wherein x, y'

and z further satisfy the folleowing formula (5):
17 2—120\2_1 ¢ y—120\2y . g
z < 9.70exp{-3 (147’.139) "5 (121.942) }

6. The optical body according to Claim 4, wherein x, y

and z further satisfy the following fcormula (6):

z < 9.72exp{-1 (M)z_; (0.7(m+y)—110)2} e ()

50.00 2 134.16

7. An optical bodY—comprising:

a first optical layer having a concave-convex éurface;

.a wavelength-selective reflecting layer formed on the
concave-convex surfaée; and

a second optical layer formed on the wavelength-
selective reflecting layer to embed the concave-convex
surfacs,

the Wavelength—selective reflecting layer having a
multilayer.  structure formed bf successively stacking at
least a first high refractive index layer, a metal layer,
-and a second high refractive index laver,

wherein, given that optical film thicknesses of the
first high refractive index layer and the second high
refractive index layer are x and y, respectively, and a

geometrical film thickness of the metal laver is z, x, y and
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z satisfy the following formulae (1) and (2):

1 f2—120\2 1 [y—120\2
2 < 121exp{-5 ($17) -3 (Iggga) 1

2
1 (z—y 2% 1 {0.70(x+y)—120
z < 12.2exp{-1 (5571) -3 ( —99.41 ) @

8. The optical body according to Claim 1, wherein x, vy
and z satisfy relational expressions of 19.36 nm < %, y <

135 nm, 7 nm £ z < 12 nm.

"9, The optical body according to Claim 1, wherein the
high refractive index layer contains at least one selected
from among a group including niébium oxide, zinc oxide,
titanium oxide, and tantalum oxide, and

the metal layer containg a silver alloy.

10. The optical body according to Claim 1, wherein the
high refractive index layer has a refractive index of 1.7 or

more and 2.6 or less.

11. The optical body acéording to Claim 1, wherein the
wavelength-selective reflecting layer selectively
directionally reflects light in a specific wavelength band
while transmitting light other than the specific wavelength

band therethroﬁgh, and
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a value of transmission image clarity for the light at
wavelengths transmitting through the optical body is 530 or
larger when measured in conformity with JIS K-7105 by using

an Optical comb with a comb width of C.5 mm.

1z. The optical body according to Claim 1, wherein a
total value of transmission image clarity for the light at
wavelengths transmitting through the optical body is 230 or
larger when measured in conformity with JIS K-7105 by using
optical combs with comb widths of 0.125 mm, 0.5 mm, 1.0 mm

and 2.0 mm.

13. The optical body according to Claim 1, wherein the
concave-convex surface of the first optical layer is formed
by arraying many structures in a one-dimensional pattern or
a two-dimensional pattern, and

the structures have a prism~like shape, a lenticular

shape, a semispherical shape, or a corner cube shape.
14. The optical body according to Claim 1, wherein the
structures are arrayed at a pitch of - pm or more and 5 mm

or less.

15. The optical body according to Claim 1, wherein a

difference in refractive index between the first optical
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laver and the second optical layer is 0.010 cor less.

16. The optical body acceording to Claim 1, 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.

17. The optical body according to Claim 1, further
comprising a water-repellent or hydrophilic layer on an

incident surface of the optical body.

18. The optical body according to Claim 1, wherein the
optical body directionally reflects light in a specific
wavelength band to prevent the light in the spegific
wavelength band from entering a predetermined space, while
transmitting light other than the specific wavelength band

therethrough to be taken into the predetermined space.

19. A window member including the optical body

according to Claim 1.

20. A fitting including a lighting portion provided

with the optical body accerding to Claim 1.
721. A solar shading device comprising cne or more
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solar shading members to cut off sunlight,
wherein the solar shading member includes the optical

body according to Claim 1.
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