OPTICAL ELEMENT, WINDOW MATERIAL, FITTING, AND INSOLATION SHIELDING DEVICE
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to an
optical element, a window material, a fitting, and an insolation shielding device, each of which can
suppress the change in color tone. 2. Description of the Related Art  In recent years, building glass
for high-rise buildings and houses and window glass for vehicles have been increasingly provided with
layers for absorbing or reflecting some of sunlight. The glass described above is one of
energy-conservation measures in order to prevent global warming and aims to reduce the load on
air-conditioning systems that is applied thereto by an increase in indoor temperature when optical

energy emittegfroma the; serrantersam ingoorspaceshroughra windowy T henapgtical ensrgy emitted
from sunlight primarily includes light in the visible region having a wavelength range of 380 to 780 nm
and light in the near-infrared region haviiig & wavEtergthliehge of 780 to 2,100 nm. In particular, since
being irrelevant to human visibility, the transmittance of a window in the latter wavelength range, that
is, in the near-infrared region, is an important factor that determines whether the window has highly

transparengy anehhighly heat-sielding properties. As a method for shielding near-infrared light
while maintaining the transparency in the visible region, for example, there may mentioned a method

for providinig wiritiovl glass with angstidal @ement having a high reflectance in the near-infrared
region. As for this method, a technigue has been disclosed in which.an optical multilayer film is used
as a reflective Iafeyfe(f&ree)?a?ﬁBle‘f%g%nfalpgarhers% r%)%a%f)ne%nPgPe%t (:Aapgpli%%ﬁgﬁ ‘Publication No.

2007-152773), Howgver since this type. of keflective dayar.is pravided amadiat fitg or window glass,
specular reflection of incident sunlight can only be performed. Hence, light coming from the sky and

specularly reflected reacties-dnetheroutdoorsbwiiding or the ground and’is ehanged Mo -heat by

absorption, and as a result, an ambient temperature is increased. Accordingly, around the periphery of
a building if which A& teflectivethyERE a8 tedtfibed above are adhered to all windows, various

problems occur, that js, for example, since adocgl ingreaserdn teppgrature Oosues, & heat island
phenomenon is promoted in an urban area, and lawns are not grown only in an area irradiated with
reflected lightd houses and window glass for vehicles have been

increasingly provided with layers for absorbing or

reflecting some of sunlight. The glass described above is

one of energy-conservation measures in order to prevent

global warming and aims to reduce the load on air-

conditioning systems that is applied thereto by an increase

in indoor temperature when optical energy emitted from the

sun enters an indoor space through a window. The optical

energy emitted from sunlight primarily includes light in the

visible region having a wavelength range of 380 to 780 mm

and light in the near-infrared region having a wavelength

range of 780 to 2,100 nm. In particular, since being

irrelevant to human visibility, the transmittance of a

windew in the latter wavelength range, that is, in the near-

infrared region, is an important factor that determines



SUMMARY OF THE INVENTION However, heretofore, a heat ray shielding film has been
designed by forming a multilayer film on a flat plate. When a multilayer film is designed by this related
method, since the refractive index at at least one interface of the multilayer film and the incident angle
of light incident on the interface are changed, a designed spectrum deviates from the optimal value,
and the color tone is disadvantageously changed to have blueness or redness.  Accordingly, it is
desirable to provide an optical element, a window material, a fitting, and an insolation shielding device,
each of which can suppress the change in color tone caused by the change in incident angle.
According to a first aspect of the present invention, there is provided an optical element including: a
first opticakayer bavinga light-emission sudace; a wavelengih-sglectiveraflective dayer provided on
the first optical layer; and a second optical layer provided on the wavelength-selective reflective layer
and havingsa lightlincidencecsurtace |n this optical element, the wavelength-selective reflective layer
has a structure includin% at Iegst ive layers in.which high reggctive-ild.eﬁlgy%!;ls. filgd metal layers are

. etho r 1eldin ear—1i red 11
alternately laminatedto Sach ther,; Wﬁenageoﬁle?rlc Im thickness Lot the entire

wavelength:selactive reflective layeris,80 swm.a ratie a.of aneptical fiy thickness of the entire metal
layers to an optical film thickness of the entire high refractive-index layers and a ratio p of an optical
film thicknessaotd ¢hird:- higherefractivesindex tayer fromione dfcer firstoptidahfayer sitlevand a second
optical layer side to an optical film thickness of a first hix(;;h refractive-index Iager therefrom are included

in a first regiohSufoimdéd b The FélfovingFoFMuAE (1) To {4 Whert the §&5Mat fith thickness L of

the entire wayelgpgth-selective reflective/jayeris 90,nm,the ratic a.and the tatioQ are included in a
second region surrounded by the following formulas (5) to (8), and when the geometric film thickness L

of the entirearavelengthiseléctive reflectivedayemisdp airamnygerofi80 e 96:nnf i the ratio a and the ratio
p are included in a space enclosed by the first region, the second region, and the following formulas
(9)t0(12)used as a reflective layer (£0r example, see Japanese

Unexamined Patent Application Publication No. 2007-15Z773}).

However, since this type of reflective layer 1s provided on

a flat film or window glass, specular reflection of incident

sunlight can only be performed. Hence, light coming from

the sky and specularly reflected reaches another outdoor

building or the ground and is changed intc heat by

absorption, and as a result, an ambient temperature 1is

increased. Accordingly, around the periphery of a building

in which the reflective layers as described zbove are

adhered to all windows, wvarious problems occur, that is, for

example, since a local increase in temperature occurs, a

heat island phenomenon is promoted in an urban area, and

lawns are not grown only in an area irradiated with

reflected light.

SUMMARY OF THE INVENTION



a=-0.000402+0.00530+0.0065 ... (1) a=-1x10-502+0.00070+0.0066 ... (2)
a=-1x105502+0.00050+0.0119 ... (3) a-0.012114 ... (4) a=-0.000202+0.00390+0.0087 ... (5)
a=-3x105502+0.00140+0.0038 ... (6) a=-2x105502+0.00060+0.0112 ... (7) a=0.010589 ... (8)
(0-0.5)/0.67=(a-0.01059)/0.00152478-(90-L)/10 ... (9) (P-5.5)/3.75=(a-0.01059)/0.00152478-(90-L)/10
... (10) (P-10.4)/10.6=(a-0.01516)/0.00067768=(90-L)/10 ... (11)

(P-0.8)/0.45(a 9 QLLOAND HUT90 L) d O {12k, ActiOUNG 102 po5ANG PRI the present

invention, there is provided an optical element including:a first optical Tayer having a light emission
surface; ywaveleagtisselestive reflestive layer previded Dn the fiest bpiiealdayer: andwhsecond optical
layer provided on the wavelength-selective reflective layer and having a light incidence surface. In this
optical element, thé syeeelehyimseeclves isflerdiveYaydr haszestadadraniptlyethg atieast five layers in
which high refractive-index layers and metal layers are alternately laminated to each other, when a

geometric-Hifn HREGREEIVEF theBitird Wikl Betfve Pefechits fayet id86 nm, a ratio a of an
optical fimihiekgsRof Eeeh e N YRcayats eanopiesl i tgngss abie oyt Bion
iIm thickn a thi ive-i

refractive-index layers and a ratio p of an optical film t ess of ird high refractive-index layer

from one gf,a first-quticak laysr sidgranda gecandioptical dayesside-toan aptical ik thickmess of a first
high refractive-index layer therefrom are included in a first region surrounded by the following formulas
(5) to (8), whrervtieigedmetuitfim thivknebds: Laob tiee ehtireavaveldigthdseiedtiveaetiective layer is 100
nm, the ratio a and the ratio p are included in a second region surrounded by the following formulas
(tﬂto(lGﬁ%ﬁ@@ﬁh&? have bluenesgss cor redness.

Accordingly, it is desirable to provide an optical
element, a window material, a fitting, and an insolation
shielding device, each of which can suppress the change in
color tone caused by the change in incident angle.

According to a first aspect of the present invention,
there is provided an optical element including: a first
optical layer having a light emission surface; a wavelength-
selective reflective layer provided on the first optical
layer; and a second optical layer provided on the
wavelength-selective reflective layer and having a light
incidence surface. In this optical element, the wavelength-
gelective reflective layer has a structure including at
least five layers in which high refractive-index layers and
metal layers are alternately laminated tc each other, when a
geometric film thickness L of the entire wavelength-
selective reflective layer is 80 nm, a ratio o of an optical

film thickness of the entire metal layers to an optical film



the geometric film thickness L of the entire wavelength-selective reflective layer is in a range of 90 to
100 nm, the ratio a and the ratio p are included in a space enclosed by the first region, the second
region, and the following formulas (17) to (20). a=-0.0002P2+0.0039P+0.0087 ... (5)
a=-3x10-5p2+0.001413+0.0038 ... (6) a=-2x10-5P2+0.0006P+0.0112 ... (7) a=0.010589 ... (8)
a=-0.0002P2+0.0055P+0.0057 ... (13) a=-0.0002P2+0.0045p-0.0067 ... (14) :
a=-4x10-5p2+0.001P+0.0099 ... (15) a=0.009403 ... (16)
(0.7-p)/0.2.(a-0.0094)/0.00118594=(100-L)/10 ... (17)

thickness cof the entire high refractive-index layers and a
ratio B of an optical film thickness of a third high
refractive-index layer from one of a first optical layer
side and a second cptical layver side to an optical film
thickness of a first high refractive~index layer therefrom
are included in a first region surrounded by the fcllowing
formulas (1) to {4}, when the geometric f£ilm thickness L of
the entire wavelength-selective reflective layer is 90 nm,
the ratio o and the ratio B are included in a second region
surrounded by the following formulas (5} to (8), and when
the geometric film thickness L of the entire waveiength-
gselective reflective layer 1s in a range of 80 to 920 nm, the
ratio a and the ratioc P are included in a space enclosed by
the first region, the second region, and the following

formulas (9) to (12}.

a=-0.0004p°+0.0053B+0.0065 ... (1}
o=~1x10""R%+0. 000 7P+0.0066 ... (2}
o=—~1x107°B?+0.0005p+0.0119 ... (3)

a=0.012114 ... (4)

a=-0.0002p*+0.0039B+0.0087 ... (5)

o=-3x107"B*+0. 0014P+0.0038 ... (6)
o=~2x107°B?+0.0006B+0.0112 ... (7)

0=0.01058% ... (8)
(B-0.5)/0.67={x-0.01059)/0.00152478=(90-L) /10 ... (9)
(B=5.5)/3.75={a~0.01059)/0.00152478=(90-1) /10 ... (10)



(P-4.4)/1.1=(a-0.0094)/0.00118594=(100-L)/10 ... (18) (P-6.5)/3.9=(a-0.01432)/0.0008471=(100-L)/10
... (19) (1-P)/0.2=(a-0.01093)/0.00067768=(100-L)/10 ... (20)  According to a third aspect of the
present invention, there is provided an optical element including: a first optical layer having a light
emission surface; a wavelength-selective reflective layer provided on the first optical layer; and a
second optical layer provided on the wavelength-selective reflective layer and having a light incidence

surface. '@tbf&&t;‘:ﬂﬂe ;e(r&,_%5190\%\1%gp%tha%ﬁg%qygsrzef(l%ti_\@ laygr has a sfrcture including at

least five layers in which high refractive-index layers and metal layers are alternately laminated to each
other, whem_a9g9metrissfilm,thickness 1)ofghe entiveywavelength/selective reflestive layer is 100 nm, a
ratio a of an optical film thickness of the entire metal layers to an optical film thickness of the entire
high refractive-indexfajieng ahd aaratie poofchraeptict fitrfi thibknassesfenthirtihgh kéfeactive-index
layer from one of a first optical layer side and a second optical layer side to an optical film thickness of

a first highhteFacthe-RieX &yt theretiohi SrcinehiIeeh aftSt RGHa suffodnidéd by the following
formulas él%) 1o (%6& Wf{laern Etﬂae %ometrif {ilrﬂéhicr%n% Si%ﬁf Q%ﬁ»% t'gg _W%vq'!rgqf%tﬁ]éq?gﬁ{iye reflective
B, gl etafio pat e% 3‘ i

layer is 126 hini, the ratio a and t e inclu in a second region surrounded by the following

formulas 2h)Jd0424) andewhen the-gaqmetricinthickaess Lwafdhe entite wavaleagth-selective

reflective layer is in a range of 100 to 120 nm, the ratio a and the ratio p are included in a space
enclosed by, the firstrégions ¢hesecarmkragion, badethe dokowidg Jormmulas€25) to (28).
a=-0.0002P2+0.0055P+0.0057 ... (13) a=-0.0002132+0.004513-0.0067 ... (14)_

a=-4x 1025725 DU 689F £ 111%5) Bebloudabse . (385 3= 6065143539 Go 704975033 ... (21)

incidence surface. In this optical element, the wavelength-
selective reflective layer has a structure including at
least five layers in which high refractive-index layers and
metal layers are alternately laminated to each other, when a
geometric film thickness L of the entire wavelength-
gelective reflective layer is 90 nm, a ratio o of an optical
film thickness of the entire metal layers to an optical film
thickness of the entire high refractive-index layers and a
ratio B of an optical film thickness of a third high
refractive-index layer from one of a first optical layexr
side and a second optical layer side to an optical f£ilm
thickness of a first high refractive-index layer therefrom
are included in a first region surrounded by the following
formulas (5) to (8), when the geometric f£film thickness L of
the entire wavelength-selective reflective layer is 100 nm,
the ratio o and the ratio P are included in a second region

surrounded by the following formulas (13} te (16), and when



a=-0.00102+0.0191p-0.0422 ... (22) a=-9x10-5132+0.001513+0.0084 ... (23) a=0.007709 ... (24)
(-0.6)/0.1=(a-0. 00771)/0.0016942=(120-L)/20... (25) (P-3.6)/0.8=(a-0.00771)/0.0016942=(120-L)/20...
(26) (p-4.25)/2.25=(a-0.0133)/0.00101652=(120-L)/20... (27)
(p-0.9)/0.1=(a-0.00974)/0.00118594=(120-L)20... (28)

the geometric film thickness L of the entire wavelength-
selective reflective layer is in a range of 90 to 100 nm,
the ratio o and the ratio B are included in a space enclosed
by the first region, the second region, and the following

formulas (17) to {(20).

a=-0.0002PB*+0.0039B+0.0087 ... (5)
a=-3x10""B*+0.0024B+0.0038 ... (6)
a=-2x10"°B*+0.0006B+0.0112 ... (7)

a=0.010589 ... (8)

0=-0.0002B%+0.00558+0.0057 ... (13)
a=-0.0002Bf*+0.00453-0.0067 ... {(14)
a=-4x10""p%+0.001B+0.0099 ... (15)

0.=0.009403 ... (16)

(0.7-B)/0.2={0-0.0094) /0.00118594=(100-L) /10 ... (17)
(B-4.4)/1.1={(a-0.0094)/0.00118594=(100-L) /10 ... (18)
($-6.5)/3.9={@-0.01432) /0.0008471=(100-L)/10 ... (19)
(1-B)/0.2=(0-0.01093) /0.00067768=(100-L) /10 ... (20)

According to a third aspect of the present invention,
there is provided an optical element including: a first
optical layer having a light emission surface; a wavelength-
gelective reflective layer provided on the first optical
layer; and a second optical layer provided on the
wavelength-selective reflective layer and having a light
incidence surface. 1In this optical element, the wavelength-

selective reflective layer has a structure including at



According to a fourth aspect of the present invention, there is provided an optical element including: a
first optical layer having a light emission surface; a wavelength-selective reflective layer provided on
the first optical layer; and a second optical layer provided on the wavelength-selective reflective layer
and having a light incidence surface. In this optical element, the wavelength-selective reflective layer
has a structure including at least five layers in which high refractive-index layers and metal layers are
alternately laminated to each other, when a geometric film thickness L of the entire
wavelength-selective reflective layer is 120 nm, a ratio a of an optical film thickness of the entire metal
layers to an optical film thickness of the entire high refractive-index layers and a ratio p of an optical

film thickness-afa thirdkhigh xefractivesindex layeyrran oneefia first.optical layser sidg.and a second
optical layer side to an optical film thickness of a first high refractive-index layer therefrom are
included inegfigst régivhrsuresinded- by thé fdllowing formields (21 te (24t vbien tHieegedmetric film
thickness L of the entire fwilvele}rggtq{-selective reflg_(f}ive Ia_yt_ar is 140 nm, thg rgtio a and the ratio p are
included ingaegrenggﬁd?egiﬁnr%u roun é%sﬁy eOFoIIb\ivg?nﬁ?o‘rﬁiﬂj}Ia‘éga(ﬁ@T 0 €32, and when the geometric

film thickness: L. of the. eptire; wavelength-selective reflective layer s in & range af 120 to 140 nm, the
ratio a and the ratio p are included in a space enclosed by the first region, the second region, and the

following formulas {33)iton(36).1ax:0:660322 £0.0074P#0:0083 a1 (2B)ya=+0.0014P2+0.0191P-0.0422
... (22) a=-9x10-5P2+0,0015P+0.0084 ... (23) a=0.007709 ... (24) a=-0.0014P2+0.0136P-0.0027 ...
(29) p=10,P3545:341 3984 4 747 0Y56) §L-0-060EP2+6 D02PH0.6674 2 F31)°a=0'066523(32)

layers and a ratio B of an optical film thickness of a third
high refractive-index layer from one of a first cptical
layer side and a second optical layer side tc an optical
£film thickness of a first high refractive-index layer
therefrom are included in a first region surrounded by the
following formulas (13) to {16}, when the gecmetric film
thickness L of the entire wavelength-selective reflective
layer is 120 nm, the ratio a and the ratio B are included in
a second region surrcunded by the following formulas (21) to
(24}, and when the gecmetric film thickness L ¢f the entire
wavelength-selective reflective laver is in a range of 100
to 120 nm, the ratio a and the ratio P are included in a
space enclosed by the first regicn, the second region, and

the feollowing formulas (25) to (28).

o=-0.0002p%+0.0055B+0.0057 ... (13)
a=-0.0002B*+0.0045B-0.0067 ... {14)
0=—4x107°B%+0.001P+0.0089 ... (15)
a=0.009403 ... (16)
0=-0.0003R*+0.0074B+0.0032 ... (21}



(0.75-P)/0.15=(a-0.00652)/0.00118594=(140-L)/20 ... (33)
(3.65-13)/0.05=(a-0.00652)/0.00118594=(140-L)/20 ... (34)
(13-3.3)/0.95=(a-0.01245)/0.0008471=(140-L)20 ... (35)
(3.471)/2.57=(a-0.00754)/0.00220246=(140-L)/20 ... (36) According to a fifth aspect of the present
invention, there is provided an optical element including: a first optical layer having a light emission

surface; a w Ve&%’%%@jﬁ%eﬁq\’%i?ﬂ@cg\ﬁ ?yer proyi'%d on the first optical layer; and a second optical
layer provided on the wavelength*seléective reflective Tayer and having a light incidence surface. In this

optical elgmest; ;[(I@@Sgyay@l_ej'(gilgggtg_c@iyg4ef!e_c_tiv¢j@yer has a structure including at least five layers in
which high refractive-index layers and metal layers are alternately laminated to each other, when a

geometriedfilon thickness L. of the4entire wavelength-selective reflective layer is 140 nm, a ratio a of an
optical film thickness of the entire metal rI%ers to an optical film thickness of the entire high

refractive-ifd8x fayePs anda1ati8 B/dfar Bpfi fifitf #méRrdssdr/Zthird-high feftactive-index layer
f fi ical | i i id ical film thick f a fi
rom one géaB |'r%é§§6tllc& %%&98%?&?&@3%8%%{ ia)/&r_ﬂ /926) an op3 )I m thickness of a first

high refractive-in ayer therefrom in a first region ‘'surrounded by the following formulas

(29) to (32 whesxthegeametiic dily thickness b 0f thesentireavavelength-selective reflective layer is
160 nm, the ratio a and the ratio p are included in a second region surrounded by the following
formulas (FHdo $41) and when thesgednetricdilmahizkadss D of Iid entire waedlength-selective
reflective layer is in a range of 140 to 160 nm, the ratio a and the ratio p are included in a space

enclosed by theZRSegici the sécdittiddior: WrtheI5IISMARgRSHTTRS (A2 B4a55"

:z:gggé%%%%%%gga%%z ed ( 23) 55% 9 Z:la‘?‘_?ag ize?nle'rsl aﬁ%Zi‘Ednﬁ%O) a first

optical layer having a light emission surface; a wavelength-
selective reflective layer provided on the first optical
layer; and a second optical layer provided on the
wavelength-selective reflective layer and having a light
incidence surface. In this optical element, the wavelength-
selective reflective layer has a structure including at
least five layers in which high refractive-index layers and
metal layers are alternately laminated toc each other, when a
geometric film thickness L of the entire wavelength-
selective reflective layer is 120 nm, a ratio o of an
optical film thickness of the entire metal layers to an
optical film thickness of the entire high refractive-index
layers and a ratio B of an optical film thickness of a third
high refractive-index layer from one of a first optical
layver side and a second optical layer side to an optical

film thickness of a first high refractive-index layer



a=0.006523 ... (32) a=-0.005132+0.02730-0.0145 ... (37) a=0.0043132-0.033213+0.07 ... (38) 3=2.875
.. (39) a=-0.0001132+0.002513+0.0062 ... (40) a=0.005676 ... (41)
(0.9-3)/0.15=(a-0.00568)/0.0008471=(160-L)/20 ... (42)
(3.6-P)/0.15=(a-0.00568)/0.0008471=(160-L)/20 ... (43)
(P-2.85)/0.45=(a-0.01203)/0.00042355=(160-L)/20 ... (44)

(9-105)/2.42(0,90804 210 O0H10323-(100: )20 o, (49) 3 ACCOUSIDG 18 45X 508t Of the preser

invention, thére 1s"provi ded an optical element including: a flrst optical layer having a light emission

surface; a&wavelengih-seleative keflestive fayer providedien thadirsjaptisaldayer ahd a second optical
layer provided on the wavelength-selective reflective layer and having a light incidence surface. In this

optical elemink:ihe svavetehgtirselsttive seflectieé ¢agtihased stbdtiife inefUbRstalRast five layers in
which high refractive-index layers and metal layers are alternately laminated to 9% ach ather, when a

geometrid il thidkne<s Q. Bfthe dHird Wavdlchdiideldiive et ive TyeriS 1651, 4 Patio a of an

a second region surrounded by the following formulas (29) to
(32), and when the geometric film thickness L of the entire
wavelength-selective reflective layer is in a range of 120
to 140 nm, the ratio o and the ratio P are included in a
space enclosed by the first region, the second region, and

the following formulas (33) to (36).

a=-0.0003B%+0.0074B+0.0033 ... (21)
=-0.0014p?+0.0191B-0.0422 ... (22)
a=-9x10°p?+0.0015B+0.0084 ... (23)

®=0.007709 ... (24)

0=-0.0014B%+0.0136B-0.0027 ... (29)
p=10,132a%-241.390+4.747 ... (30)
0=-0.0001p%+0.002B+0.0074 ... (31)

a=0.006523 ... (32)

(0.75-B)/0.15=(e-0.00652) /0.00118594=(140-L) /20 ... (33)
(3.65-B)/0.05={a-0.00652)/0.00118594={140-L)/20 ... (34)
($-3.3)/0.95=(0-0.01245)/0.0008471=(140-L)20 ... (35)
(3.47-P)/2.57={(a-0.00754) /0.00220246=(140-L) /20 ... (36)

According to a fifth aspect of the present invention,
there is provided an optical element including: a first

optical layer having a light emission surface; a



optical film thickness of the entire metal layers to an optical film thickness of the entire high
refractive-index layers and a ratio p of an optical film thickness of a third high refractive-index layer
from one of a first optical layer side and a second optical layer side to an optical film thickness of a first
high refractive-index layer therefrom are included in a first region surrounded by the following formulas
(37) to (41), when the geometric film thickness L of the entire wavelength-selective reflective layer is
180 nm, the ratio a and the ratio p are included in a second region surrounded by the following
formulas (46) to (49), and when the geometric film thickness L of the entire wavelength-selective
reflective layer is in a range of 160 to 180 nm, the ratio a and the ratio p are included in a space

enclosed by the first region, the secondJegion, apd the. following, formulas, (50):to(53) «
a-0.0042+0.027313-0.0145 ... (37) a-0.00442-0.033213+0.07 ... (38) P=2.875 ... (39)

a-0.00042+x:002511100062 2403 as@.005676pL1(d4) al(G.02042+0:04EB-0:032... (46)

aa0.0093112-0.067713+0.1212 ... (47) aa-0.0003132+0.003613+0.0046 ... (48) a=0.00498 ... (49)
wavelength-selective reflective layer and having a light
incidence surface. In this optical element, the wavelengih-
selective reflective layer has a structure including at
least five layers in which high refractive-index layers and
metal layers are alternately laminated to each other, when a
geometric film thickness L of the entire wavelength-
selective reflective layer is 140 nm, a ratio o of an
optical film thickness of the entire metal layers to an
optical film thickness of the entire high refractive-index
lavers and a ratio P of an optical film thickness of a third
high refractive-index layer from one of a first optical
layer side and a second optical layer side to an optical
film thickness of a first high refractive-index layver
therefrom are included in a first region surrcounded by the
following formulas (22) to (32), when the geometric film
thickness L of the entire wavelength-selective reflective
layer is 160 nm, the ratic o and the ratio  are included in
a second region surrounded by the following formulas (37) to
(41), and when the gecmetric film thickness L of the entire
wavelength-selective reflective layer is in a range of 140
to 160 nm, the ratio o and the ratio B are included in a
space enclosed by the first region, the second region, and

the following formulas {42) to (45).
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(1.05-13)/0.15=(a-0.005)/0.00067768=(180-L)/20 ... (50)
(3-2.75)/1.05--(a-0.005)/0.00067768=(180-L)/20 ... (51)
(13-2.4)/0.45=(a-0.01177)/0.00025413-(180-L)/20 ... (52)
(1.21)/0.15.,(a-0.00856)/0.00008471,(180-L)/20 ... (53) In all the optical elements according to the
above aspects of the present invention, since the film thicknesses of the individual layers of the
waveleng&rl-g Ie&g'\igl ﬁeﬁ%ctﬁ/ﬁlgggroar@@e; s.o_tl_ﬁat(tg;)ratio a and the ratio p are included in a
predetermined region, the change in color tone can be suppressed. As describe above, according
to the em@ggmq@@@!ﬁtb@;p_r@@%[mn_vgmion,,t,he((jmnge in color tone caused by the change in
incident angle can be suppressed. BRIEF DESCRIPTION OF THE DRAWINGS Fig. IAis a
cross-seatieﬁal.\ﬂewwfexﬁingaﬁjb@tr@cﬁarhl examplel of an optical film according to a first embodiment
of the present invention; Fig. 1B is a cross-sectional view showing one example in which the
optical filti=tcbrfifig to the firk¢ @mbodiment of the present invention is adhered to an adherend;
Fig. 2 is a perspective Vi ing t lationship.etween incident light incident on an optical film
R Crhee By The Sptea Tinn P

and reflected e opfical film; Figs. 3A to 3C are each a perspective view showing
one shapg exayphlepet hiegstrugiure fermed in afigst optical layer;

B=2.875 ... (39)

0=-0.0001p*+0.0025B+0.0062 ... (40)

o=0.005676 ... (41)
(0.9-B}/0.15=(0~0.00568)/0.0008471=(160-L)/20 ... (42)
(3.8-B)/0.15=(a~0.00568)/0.0008471=(160-L) /20 ... (43)
(B-2.85)/0.45=(@-0.01203)/0.00042355=(160-L) /20 ... {44)
(B-1.05)/2.42=(0.00864-0)/0.00110123=(160-L) /20 ... (45)

According to a sixth aspect of the present invention,
there is provided an optical element including: a first
optical layer having a light emission surface; a wavelength-
gselective reflective layer provided on the first optical
layer; and a second optical layer provided on the
wavelength-selective reflective layer and having a light
incidence surface. In this optical element, the wavelength-
selective reflective layer has a structure including at
least five layers in which high refractive-index layers and
metal layers are alternately laminated to each other, when a
geometric f£ilm thickness L of the entire wavelength-

gselective reflective layer is 160 nm, a ratio o of an

- 11 -



Fig. 4A is a perspective view showing one shape example of the structure formed in the first optical
layer; Fig. 43 is a cross-sectional view showing one structural example of an optical film including the
first optical layer in which the structures shown in Fig. 4A are formed; Fig. 5 is a schematic view
showing one example of a lamination structure of a wavelength-selective reflective layer; Fig. 6Ais
a schematic view showing one example of a wavelength-selective reflective layer in which a third and
a fifth high refractive-index layer are each separated into two layers; Fig. 63 is a schematic view
showing one example of a wavelength-selective reflective layer in which a third high refractive-index
layer is separated into three layers and a fifth high refractive-index layer is separated into two layers;
Fig. 60 is a schematicyigw showing.ane example gf &, wavglength-selective fefiecfive layer in which a
third high refractive-index layer is separated into two layers and a fifth"high refractive-index layer is
separated inta three layers; thi ckige 60 isfa sthematic sMew Showirg oaetexample-a
wavelength-selective reflective layer in which a first, a third, and a fifth high refractive-index layer are
each separgtéd fritodd Rysrd: 10 [Fig iBRNs @échematid view- BRGWFENE Examigé B a
wavelength-selective reflective layer in which a first and a fifth high refractive-index layer are each
ceparate e s A s Hig e acth e S [ayerie SEba s eH WS free ayers: - Fig
6F is a schematic Weweshowing onre:-example: ota wavslength:selectivesreflestivedayer in which a first
high refractive-index layer is separated into two layers and a third and a fifth high refractive-index layer
are each séﬁé@té@%ﬂ%ﬁﬁf@e %@e@s;first high refractive-index laver

therefrom are included in a first region surrounded by the
following formulas (37) to (41), when the geometric film
thickness L of the entire wavelength-selective reflective
layer is 180 nm, the ratic o and the ratio B are included in
a second region surrcounded by the following formulas (46) to
{49), and when the geometric film thickness L of the entire
wavelength-selective reflective laver is in a range of 160
to 180 nm, the ratio o and the ratic [ are included in a
space enclosed by the first reglon, the second region, and

the following formulas (50) te (E3}).

a=-0.005p%+0.0273B-0.0145 ... (37)
o=0.0043p"-0.0332B+0.07 ... (38)
B=2.875 ... (39)
o=-0.0001B%+0.0025B+0.0062 ... (40)
a=0.005676 ... (41)
o=-0.0103B%+0.047B-0.0322 ... {46)
0=0.0093p*-0.0677B+0.1212 ... (47}
o=-0.00033%+0.0036B+0.0046 ... (48)
a=0.00498 ... (49)



Figs. 7A and 7B are each a cross-sectional view illustrating one example of the function of the optical

film; Figs. 8A and 8B are each a cross-sectional view illustrating one example of the function of the
optical film; Fig. 9A is a cross-sectional view illustrating one example of the function of the optical
film; Fig. 9B is a plan view illustrating one example of the function of the optical film; Fig. 10 is a

schematic view showing one structural example of a manufacturing apparatus for manufacturing an

optical film_according,. to.the first embodiment of the present invention; Figs..11Ato 110 are
cross-secfig)ngls\i%\}v% %a%ﬁﬁlh?sﬁ%ti%&%ﬁ%oex%%%g%f Y %ﬁw%alff)?f‘nuanijfactjﬁi% an optical film

accordingto_the first embadimeng of Hﬁ}?r{?%%i@y?@%%;l g0 Fi9s; 42A to 12(:are cross-sectional
of t

views each illustrating one example e method for manufacturing an optical film according to the
first embodimentof/theqwesentdnvantion; /¢ . Bigs233A31e 188cre cress-sectionabyiews each
illustrating one example of the method for manufacturing an optical film according to the first
embodiméat.-éfthe Meddnt invehtidns 56 ) Fig - 24 9 84Fdsstd&divhal ¢iew-iHustidthg the film thickness

of a reflective Ia¥er; . .
n all the optical elements according tc the above

aspects of the present invention, since the film thicknesses
of the individual layers of the wavelength-selective
reflective layer are set so that the ratic o and the ratioc f
are included in a predetermined region, the change in coloxr
tone can be suppressed.

As describe above, according to the embodiments of the
present invention, the change in color tone caused by the

change in incident angle can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig. 1B 18 a cross-sectional view showing one example
in which the optical film according to the first embodiment
of the present invention is adhered to an adherend;

Fig. 2 is a perspective view showing the relationship
between incident light incident on an optical film and
reflected light reflected by the optical film;

Figs. 3A to 3C are each a perspective view showing one
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Fig. 15 is a flowchart showing one example of a process to determine film thicknesses which satisfy
the conditions of individual parameters; Fig. 16A is an a-p correlation diagram showing the
distribution of a visible light transmittance with respect to a ratio a and a ratio 13; Fig. 16B is an a-P
correlation diagram showing the distribution of a shielding factor with respect to the ratio a and the
ratio P; Fig. 16C is an a-P correlation diagram showing the distribution of a blueness index with
respect to the ratio a and the ratio P; Fig. 160 is an a-P correlation diagram showing the
distribution of a redness index with respect to the ratio a and the ratio P; Fig. 16E shows the state
in which the a-P correlation diagrams shown in Figs. 16A to 160 are overlapped with each other;

Fig. 17 is an a:P.cagelation diagram in which the visible Jight trapsmitiance, th blueness index, and
the redness index are each used as the parameter when the total film thickness L is 80 nm; Fig. 18
is an a-P coaretation diagram in which the visible light transmittance, the blueness index, and the
redness index are each used as the parameter when the total film thickness L is 90 nm;

Fig. 4A is a perspective view showing one shape example
of the structure formed in the first optical layer;

Fig. 4B is a cross-sectional view showing one
structural example of an optical f£ilm including the first
optical layer in which the structures shown in Fig. 4A are
formed;

Fig. 5 is a schematic view showing one example of a
lamination structure of a wavelength-selective reflective
layer;

Fig. 6A is a schematic view showing one example of a
wavelength-selective reflective layer in which a third and a
fifth high refractive-index layer are each separated into
two layers;

Fig. 6B is a schematic view showing one example of a
wavelength-selective reflective layer in which a third high
refractive-index layer 1s separated into three layers and a
fifth high refractive-index layer is separated into two
layers;

Fig. 6C is a schematic view showing one example of a
wavelength-selective reflective laver in which a third high
refractive-index layer i1s separated into two lavers and a
fifth high refractive-index layer is separated into three

layers;
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Fig. 19 is an a-P correlation diagram in which the visible light transmittance, the blueness index, and
the redness index are each used as the parameter when the total film thickness L is 100 nm; Fig.
20 is an a-P correlation diagram in which the visible light transmittance, the blueness index, and the
redness index are each used as the parameter when the total film thickness L is 120 nm; Fig. 21
is an a-P correlation diagram in which the visible light transmittance, the blueness index, and the
redness index are each used as the parameter when the total film thickness L is 140 nm; Fig. 22 is
an a-P correlation diagram in which the visible light transmittance, the blueness index, and the redness
index are each used as the parameter when the total film thickness L is 160 nm; Fig. 23 is an oc-P

correlation diagram jn wiich the visible-light trapsmittance,ithe blueness.index, andhe redness index
are each used as the parameter when the total film thickness L is 180 nm; Fig. 24 is an a-P
correlationvehagram ot ivhichl thetvisible fighetransmitiance: the bidengssaindéxsthe redness index, and
the shielding?gg%ctor are each used as the parameter when the total film thickness L is 80 nm; Fig.

25 is an a-PcorrelafiSit diagraft in whith thevidible ight tralidmitfanice, THE bitiriéss index, the
redness inggéaqr}pcg_@ shielding, factor, are, each used as the parameter when the total film thickness L
is 90 nm; ig. 26 is an ot-ii correlation diagram in which the visible light transmittance, the blueness
index, the rednessiindexrand the shieldingifactor ewe vachiugsedas the papdmeter when the total film
thickness L is 100 nm; . o .

wavelength-selective reflective layer in which a first and a

Fifth high refractive-index layer are each separated into

two layers and a third high refractive-index layer is

separated into three layesrs;

Fig. 6F is & schematic view showing one example of a
wavelength-selective reflective layer in which a first high
refractive-index layer i1s separated intec two layers and a
third and a fifth high refractive-index layer are each
separated into three layers;

Figs. 7A and 7B are each a cross—-sectional view
illustrating one example of the function of the opitical
film;

Figs. 8A and 8B are each a cross-sectional view
illustrating one example of the function ¢f the optical
film;

Fig. 9A is a cross-sectional view illustrating one
example of the function of the optical film;

Fig. 9B is a plan view illustrating one example of the

function of the optical film;

Fig. 10 is a schematic view showing one structural
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Fig. 27 is an oc-P correlation diagram in which the visible light transmittance, the blueness index, the
redness index, and the shielding factor are each used as the parameter when the total film thickness L
is 120 nm; Fig. 28 is an a-P correlation diagram in which the visible light transmittance, the
blueness index, the redness index, and the shielding factor are each used as the parameter when the
total film thickness L is 140 nm; Fig. 29 is an a-P correlation diagram in which the visible light
transmittance, the blueness index, the redness index, and the shielding factor are each used as the
parameter when the total film thickness L is 160 nm; Fig. 30 is an a-13 correlation diagram in
which the visible light transmittance, the blueness index, the redness index, and the shielding factor

are each “%%‘AI%JIQeﬁarg%ﬂﬁ‘@&{‘&?%%taa!gmJQ%@G%J— 848000 uring 31 IS a schematic

view obtained such that when the visible light transmittance, the blueness index, and the redness
index are eachiused &s the parametergthesregiens which satisfyithercongitioriszof the individual
parameters are mapped on a three-dimensional plane; Fig. 32A is a schematic view obtained such
that when theisible igittransiiittance, the blueness index, and the redness index are each used as

the parameter, thheirgelgi_or%s,éwhjtcg ﬁqht(i:sfgyée gggggiggg_cocfitggmdigm parameters are mapped on
ig.

the same plane; 2 is a schematic view obtained such that when the visible light
transmittance; the: bluenessdndexthegedness index; ant thershieldirt tacierate each used as the
parameter, the regions which satisfy the conditions of the individual parameters are mapped on the
same plan@PtigEg. 33ANs acGroE8SEEtibRalHietw SHEWing & fiFstifiddifieatiGh according to the first
embodime%tr%fstggﬁrgsgnt invgnt_ion; Fig. 332 is a cross-sectional view showing a second
modification accor mg%?ﬁe first embodiment of the present invention;

Figs. 12A to 12C are cross-sectional views each

illustrating one example of the method for manufacturing an
optical film according to the first embodiment of the
present inventlon;

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

Fig. 14 is a cross—-sectional view illustrating the film
thickness of a reflective layer;

Fig. 15 is & flowchart showing one example of a process
to determine film thicknesses which satisfy the conditions
of individual parameters;

Fig. 16A is an a-P correlation diagram showing the
distribution of a wvigible light transmittance with respect
to a ratic w and a ratio §;

Fig. 168 is an o-B correlation diagram showing the

distribution of a shielding factor with respect to the ratio



Fig. 34A is a perspective view showing a First structural example of a first optical layer of an optical
film according to a second embodiment of the present invention; Fig. 342 is a perspective view
showing a second structural example of the first optical layer of the optical film according to the second
embodiment of the present invention; Fig. 340 is a perspective view showing a third structural
example of the first optical layer of the optical film according to the second embodiment of the present
invention; Fig. 35A is a plan view showing the third structural example of the first optical layer of the
optical film according to the second embodiment of the present invention; Fig. 35B is a
cross-sectional view of the first optical layer taken along the line XXXVB-XXXVB shown in Fig. 35A;
Fig. 35C isa crpps-sectional yigy of the first optical layer taken along the line XXXVC-XXXVC shown
in Fig. 35A; Fig. 36A is a plan view showing a fourth structural example of the first optical layer of
the optical film a¢darding:to the secantPembodirhent ofithéipresent Flveniion; theFig. 36B is a
cross-sectional view of the first optical layer taken along the line XXXVIB-XXXVIB shown in Fig. 36A,

Fig. 36C isH eFgdutdtidhdl Vidw R the fifst optidariayel takeiPRIONG the IHeSXXXWAB-EXXVIC shown

in Fig. 36A, 3 the ratio B;

Fig. 16D is an o-f correlation diagram showing the
distribution of a redness index with respect to the ratio «
and the ratio B;

Fig. 16E shows the state in which the o-f3 correlation
diagrams shown in Figs. 16A to 16D are overlapped with each
other;

Fig. 17 is an o-§ correlation diagram in which the
visible light transmittance, the blueness index, and the
redness index are each used as the parameter when the total
film thickness L is 80 nm;

Fig. 18 is an o-f correlation diagram in which the
visible light trangmittance, the blueness index, and the
redness index are each used as the parameter when the total
£ilm thickness L is 390 nm;

Fig. 19 is an o-f correlation diagram in which the
visible light transmittance, the blueness index, and the
redness index are each used as the parameter when the total
film thickness L is 100 nm;

Fig. 20 is an o~f correlation diagram in which the
visible light transmittance, the blueness index, and the

redness index are each used as the parameter when the total
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Fig. 37A is a plan view showing a fifth structural example of the first optical layer of the optical film
according to the second embodiment of the present invention; Fig. 37B is a cross-sectional view of
the first optical layer taken along the line XXXVIIB-XXXVIIB shown in Fig. 37A; Fig. 38Ais a
cross-sectional view showing one structural example of an optical film according to a third embodiment
of the present invention; Fig. 388 is a perspective view showing one structural example of a first
optical layer of the optical film according to the third embodiment of the present invention; Fig. 39A
is a cross-sectional view showing a first structural example of an optical film according to a fourth
embodiment of the present invention; Fig. 39B is a cross-sectional view showing a second

structural example,of the optical film ?E%O%r}g to the fourth embodiment of the present invention;
Fig. 390 is a cross-sectional view showing a third structural example of the optical film according to the

fourth embodiment ¢f thre presem invahtion; re 1 Fd.ADA is:a crosstseational views showing one
structural example of an optical film according to a fifth embodiment of the present invention; Fig.
40B is a cris§-Setfionabvibw SHowing Grie sfucttlidl éxatfipesn WHieR the dpticalfiim according to the
fifth embodrirggr% So; thﬁn present inventRnuigeacghfge 19 an adh%rggg; wheﬁigiﬁ% (ifoatgrpss-sectional

view showing one structural efaemgiaéco an optical fi meagéd“‘}é?hg to a sixth embodiment of the present

invention; £iim thickness L is 140 nm;

Fig. 22 is an o-B correlation dlagram in which the
visible light transmittance, the blueness index, and the
redness index are each used as the parameter when the total
film thickness L is 160 nm;

Fig. 23 1is an a-f correlation diagram in which the
visibie light transmittance, the blueness index, and the
redness Index are each used as the parameter when the total
film thickness L is 180 nm;

Fig. 24 is an o-f correlation diagram in which the
vigible light transmittance, the blueness index, the redness
index, and the shielding factor are each used as the
parameter when the total film thickness 1L is 80 nm;

Fig. 25 is an o-f correlation diagram in which the
visible light transmittance, the blueness index, the redness
index, and the shielding factor are each used as the
parameter when the total film thickness L is 90 nm;

Fig. 26 is an o-P ceorrelation diagram in which the
vigible light transmittance, the blueness index, the redness
index, and the shieliding factocr are each used as the

parameter when the total film thickness 1. is 100 nm;



Fig. 42 is a perspective view showing one structural example of a blind device according to a seventh

embodiment;

Fig. 43A is a cross-sectional view showing a first structural example of a slat;

43B is a cross-sectional view showing a second structural example of the slat; Fig. 44Ais a

perspective view showing one structural example of a rolling screen device according to an eighth

embodiment;

Fig.

Fig. 448 is a cross-sectional view showing one structural example of a screen 302;
Fig. 45A is a perspective view showing one structural example of a shoji (Japanese paper shielding
door) according to a ninth embodiment; and Fig. 458 is a cross-sectional view showing one
structural example of the shoji. DESCRIPTION OF THE PREFERRED EMBODIMENTS Embodiments
of the present inventiorewilk e deseriped in-thel tolowing order-with seference torthe drawings.

visible light transmittance, the blueness index, the redness

index, and the shielding factor are each used as the

parameter when the total film thickness L is 120 nm;

Fig. 28 is an a-B correlation diagram in which the

visible light transmittance, the blueness index, the redness

index, and the shielding factor are each used as the

parameter when the total film thickness L is 140 nm;

Fig. 29 is an o-P correlation diagram in which the

visible light transmittance, the blueness index, the redness

index, and the shielding factor are each used as the

parameter when the total film thickness L is 160 nm;

Fig. 30 is an o-B correlation diagram in which the

visible light transmittance, the blueness index, the redness

index, and the shielding factor are each used as the

parameter when the total film thickness L is 180 nm;

Fig. 231 is a schematic view obtalined such that when the

vigible light t{ransmittance, tThe blueness index, and the

redness index are each used as the parameter, the regions

which satlsfy the conditicns of the individual parameters

are mapped on a three-dimensional plane;

Fig. 3232 1s a schematic view obtained such that when

the visible light transmittance, the blueness index, and the

redness index are each used as the parameter, the regions

which satisfy the conditicns of the individual parameters
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I. First Embodiment (Example in which structures are one-dimensionally arranged.) 2. Second
Embodiment (Example in which structures are two-dimensionally arranged.) 3. Third Embodiment
(Example of a louver type reflective layer is provided.) 4. Fourth Embodiment (Example in which an
optical film containing a light scattering material is provided.) 5. Fifth Embodiment (Example in which a
reflective layer is exposed.) 6. Sixth Embodiment (Example in which a self cleaning effect layer is
provided.) 7. Seventh Embodiment (Example in which an optical film is applied to a blind device.) 8.
Eighth Embodiment (Example in which an optical film is applied to a rolling screen device.)
are mapped on the same plane;
Fig. 32B is a schematic view obtained such that when
the visible light transmittance, the blueness index, the
redness index, and the shielding factcor are each used as the
parameter, the regions which satisfy the conditions of the
individual parameters are mapped on the same plane;
Fig. 33A 1s a cross-sectional view showing a first
modification according te the first embodliment of the
present invention:
Fig. 33B is a cross-secticnal view showing a second
modification according to the first embodiment of the
present invention;
Fig. 34A 1s a perspective view showing a first
structural example of a first optical layer of an optical
film according tc a second embodiment cof the present
invention;
Fig. 34B 1s & perspective view showing a second
structural example of the first optical layer of the optical
Film according to the second embodiment of the present
inventiocn;
Fig. 34C is a perspective view showing a third
structural example of the first optical layer of the optical
film according to the second embodiment of the present

inventiaon;

Fig. 35A is a plan view showing the third structural
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9. Ninth Embodiment (Example in which an optical film is applied to a fitting.) <1. First embodiment>
[Structure of Optical Film] Fig. |A is a cross-sectional view showing one structural example of an
optical film according to a first embodiment of the present invention. Fig. 18 is a cross- sectional view
showing one example in which the optical film according to the first embodiment of the present
invention is adhered to an adherend. An optical film 1 functioning as an optical element is an optical
film having so-called directional reflection properties. As shown in Fig. 1A, this optical film 1 includes
an optical layer 2 having a concavo-convex interface therein and a reflective layer 3 provided along the
interface of this optical layer 2. The optical layer 2 includes a first optical layer 4 having a

concavo-convex shaped figst sarface and a second.opticaklayer Shaving 2 gangavo-convex shaped
second surface. The interface inside the optical layer 2 is formed from the first surface and the second

surface, eachchaving@a concave- seowvek shape|idisposed stlas torfagergachrothet. inrparticular, the
optical film 1 includes the first optical layer 4 having a_ concave-convex surface, the reflective layer 3

formed on the cohddve-coRives stirfate 6T ihe FirdCoptcal f&)/er%. anththe Secondoptical layer 5
formed on the reflectiye Jayer 3,50 as.tofill fhe, gangavesgaavex. suifage, op which die reflective layer 3

is formed. Thé optical film 1 has an incident surface 31 on which sunlight or the like is incident and an
emission surfacei3z;frogbwhich, ©f the dight mcidentan thisincidentrsurfacesSi, dight which transmits
the optical film 1 is emitted. The optical film 1 is preferably applied to an inner wall member, an outer
wall membéf Ewindoif &t ras é%ll%ﬁgﬁr@ﬁgﬁﬁ@?{%ﬁﬁ%iﬂﬁhﬁﬁg opticaf film | may also be

preferably used aES%f.s;a%t é%gs%atgo r?%igl@ﬂg&n%mggpn%f %bggglg@{icsetq@%m@en (Insolation

shielding member) Ing scre evice. Furthermore, the optical film | may also be preferably
used as an-eptigal elementprofided ab adiphiing poytien of adfitting finteriar member and/or exterior
member), such as a shoji (Japanese paper shielding door). If necessary, the optical film | may
further inclddes aditsthase FMEMBEF2EDrEINECEHIREION Stirfats 3255 the 'opticaFTaye? 2/ In addition, if

necessary, the optical film 1. may further includes a secopd base-member Sa pndhe, .

layer taken along the line XXXVIB-XXXVIB shown in Fig. 36A;

Fig. 36C is a cross—-sectional view of the first optical
layer taken along the line XXXVIC-XXXVIC shown in Fig. 36A;

Fig. 37A is a plan view showing a fifth structural
example of the first optical layer of the optical film
according to the second embodiment of the present invention;

Fig. 37B is a cross-sectional view of the first cptical
layer taken along the line XXXVIIB-XXXVIIB shown in Fig.
3TR;

rig. 38A is a cross-secticnal view showing one
structural example of an optical £ilm according te a third
embodiment of the present invention;

Fig. 38B is a perspective view showing one structural
example of a first optical layer of the optical film

according to the third embodiment of the present invention;
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incident surface Si of the optical layer 2. When the first base member 4a and/or the second base
member 5a is included in the optical film 1 as described above, in the state in which the first base
member 4a and/or the second base member 5a is formed as a part of the optical film 1, the following
optical properties, such as transparency and a transmission color, are preferably satisfied. If
necessary, the optical film. 1 may further include a bonding layer 6. This bonding layer 6 is formed on
one of the incident surface Si and the emission surface S2 of the optical film 1 which is to be adhered
to a window material 10. The optical film 1 is adhered to the window material 10, which is an
adherend, at an indoor or an outdoor side with this bonding layer 6 interposed therebetween. As the
bonding layer 6, for example; there may. be.used an adhesiop layer. (such.as-a,lY curable resin or
atwo-component liquid resin) containing an adhesive as a primary component or a tacky layer (such as
a pressure sensitiveradhestwen (RS AYY cantaining @tacky agent as:aiprmary cemponent. When the
bonding layer 6 is a tacky layer, a peeling layer 7 is preferably further provided on the bonding layer 6.
The reasorffSrtHiSIE thatby the shaeife as destibed dbove, when the peeling layer 7 is simply

peeled off, the opﬁti§8l‘ film,1 can be easily adhered to gn&d@grg%wﬁ%@ as the window material 10,

with the bonding layer 6 interposed therebetween. The optical film™1 may further include a primer
layer (not shown)hetweenstheisecont bage aember5& and the hontling layer thand/or the second
optical layer 5 in order to improve bonding properties between the second base member 5a and the
bonding layei's- ARdRFtRE S8eBhd Upticat I8/e? 5T additont i Brder to improve the bonding

properties at the same %(yg:iogsas d%sr%risbse_d ggg\:{% -8 common g@g&iggépgetq&ai'@cgnt is preferably
performed with or without using the primer FayeF described above. As the common physical

pretreatmest far-examplesaplasma treatment o 3Corgna treatiment may he mentioned. The
optical film 1 may further include a barrier layer (not shown) on the incident surface Si or the emission
surface 52 &be ddfsreadoeiradvéreher sbEh s the Windbwiwiaterial 10, or between the above

surface and the r%gectivlf Igyg:r E}aWhre(:)nS the barrier layer is provided as described above, diffusion of
moisture from the ingident surface Si'or the emission surface 52 16 the feflective layer 3 can be

suppressed; and-degradation.efiametakand the like centained ithei reflective layer-.can be
suppressed. As a result, the durability of the optical film | can be improved.
embodiment cf the present invention;

Fig. 40B is a cross-sectional view showing one
structural example in which the optical film according to
the fifth embodiment of the present invention is adhered to
an adherend;

Fig. 41 is a cross-secticnal view showing one
structural example of an optical film according to a sixth
erbodiment of the present invention;

Fig. 42 is a perspective view showing one structural
example of a blind device according te a seventh embodiment;

Fig. 43A is a cross-ssctional view showing a first
structural example of a slat;

Fig. 43B is a cross-sectional view showing a second

structural example of the slat;

N



The optical film | may further include a hard coat layer 8 in order to impart scratch resistance and the
like to the surface of the optical film 1. This hard coat layer 8 is preferably formed on one of the
incident surface Si and the emission surface S2 of the optical film 1 opposite to that adhered to an
adherend, such as the window material 10. In order to impart an antifouling property and the like to the
incident surface 51 of the optical film 1, a layer having water-repellent or hydrophilic properties may be
further provided. A layer having the function as described above may be, for example, provided
directly on the optical layer 2 or provided on various function layers, such as the hard coat layer 8.
The optical film 1 preferably has flexibility since it can be easily adhered to an adherend, such as the
window material gp_g In this c_§§eaai§g|§§}5&i{}f{}gﬂgﬁiimhgh%gggryoqjethggg@cg'@@g is, an optical
sheet may also be included in the optical film 1. The optical film 1 has transparency. The
transparencyppreferably satisfiesithe range«of tesmsimissiondmagienclarity whichiwlidye described later.
The difference in refractive index between the first optical layer 4 and the second optical layer 5 is
preferably &R 6Ffé5s; more preferably 0.008 or less, and even more preferably 0.005 or less. When
the difference in refractive.index is more_than t nsmission i tends to blur. When the
difference in refrgeét?\ie ihn exllsgj in a%%gg Oé‘ferﬁ%r%%%%g%%%g%f%%%%ﬂ%%%ugh depending on the
outside brightness,neipreklems emay occutir:dailylife: When the difference in refractive index is in a
range of more than 0.005 to 0.008, although a diffraction pattern of a very bright object, such as a light
source, is disturbidg,-ar dlitddorsdeneseitbeé MearhFsesh Whed thedifféréticklidefractive index is
0.005 or less, the, diffraction pattern is hardly disturbing. Of the first op&{icgllf !ayae,[ 4 and lft%e second
optical Iayerxg,nfﬁe optlca?layér"to b(&: adhered tothe window material 10 o the like may contain a
tacky agent as:a primary ceppanrent-Bydhe structure as described above, the optical film 1 can be
adhered to the window material 10 or the like by one of the first optical layer 4 and the second optical
layer 5, which cohiains £5tacky agent as s pririarp eomponent sicatidiio®\when the structure as
described above jss for?ed, the ](_jiffergn e In refractive index of the tacky agent is preferably in the
range describedt above. =“Fiie first optical [Ayer 4 preferably has the same optical properties, such as
the refractive index, as those of the second optical layer 5. In more particular, the first optical layer 4
and the second optical layer 5 are preferably formed of the same material, such as the same resin
material, WhiciCRag s parericiFinRB RASIB régigy DAMiie the first optical layer 4 and the second

optical layer 5 are formed of 1g‘he sgm&material, thte r\efractit\:/e indexelg thberegf are&gua& to each other,
and hence, the trarﬁng% S GX e presert INventlon wWiii <) esc e

in the following order with reference tTo the drawings.

1. Flrst Embodiment (Example in which structures are one-
dimensionally arranged.) |

2. Second Embodiment (Example in which structures are two-
dimensionally arranged.)

3. Third Embodiment (Example cof a louver type reflective
layer is provided.)

4. Fourth Embodiment {(Example in which an optical film
containing a light scattering material is provided.)

5. Fifth Embodiment (Example in which a reflective layer 1is
exposed. )

6. Sixth FEmbodiment (Example in which a self-c¢leaning effect
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of visible light can be improved. However, even if the same material is used as a starting raw material,
the refractive indexes of the layers finally obtained may be different from each other due to curing
conditions and the like in a film forming process, and hence, a careful attention is necessary. On the
other hand, when the first optical layer 4 and the second optical layer 5 are formed from different
materials, since the refractive indexes thereof are different from each other, light is refracted at the
reflective layer 3 functioning as the border, and a transmission image tends to blur. In particular, when
an object similar to a point light source, such as a distant electrical lamp, is observed, a diffraction
pattern is liable to be clearly observed. In addition, in order to adjust the refractive index value, an
additive may be-addegta-thefist pptical layer 4 and/or the second optical layer 5. The first optical
layer 4 and the second optical layer 5 both preferably have transparency in the visible region.
Incidentally, th&re are S ek oraefinifions bl the rarsparenty, tatisongdéfinilisn means no light
absorption andlthgdotglgrgeg)iyi%ion arg;eans no, light scattering. In general, the transparency indicates

only the former: however- the ogﬁic e'fin}ﬁCJ".aa&cording to the first embodiment preferably has the above

two opticalgoroperias. Sinee a;curantlysused-retrarefiggtorims thatreflected light keflected at a
display, such as a road sign or closing of a night-time worker, can be easily viewed, even if having
scattering prapettids, iwhen tive tatrareflectoris dieelose -contact with an underlayer reflector, the
reflected light reflected therehy can be viewed. This is the same principle as that in which, for example,
in order togi)mpgﬁ%trﬁigﬁjgt;%ogr%%p%ﬁltes,Eé}\{/%m if &n Jalhtivés?alr%kfrgéfm%ii %Cg%?nggéc?ﬁtér%ng properties is
performed 9p.a front syrface of andmage display apparatus, an image can be viewed. However, the
optical film 1 according to the first embodiment has a feature of transmitting light other than light
having a spécifi¢ wavelengthswhéchtis to be directionally reflected, and is adhered to a transmission
object which primarily transmits light having this transmission wavelength, and the transmitted light is
observed: HEREEThedptithl fily 155reférably has no light scattering properties. However, in
accordance with gq?ﬁgpggcaltg)na the scattering properties may. be;intentignally imparted to the second
optical layer 5. he optical film 1 is preferably used by adhesion thereof to a rigid body, such as the
window matetiakle,fzdvieg dransmissionrpropettiesiprimarnly:todransmiiteddight hianrig a wavelength
other than the specific wavelength with a tacky agent interposed therebetween. As the window

material 12T6PExdmple, & biiting WiRGsWw matemdi 6Fa high-Ase buildhgora $idtising or a window
material for.a yehicle,may he mentioned, Vhen being applied.to.a building window matgrial, the

optical film 1 is particularly preferably applied to the window material 10 arranged to face any direction
between theceastdathe westthrofighsthessorth {such asfn any ditectiontbetweentthersoutheast to the
southwest). The reason for this is that when the window material 10 is arranged at the position as

described aSovE et tays caft e fdrs effectifely eflecad. Thefopticaffilt 19k Be 4iSed not only

for a single.jayerwindow glass ! aso for a specia) olass, such s pultlayet giass. in addition, the
window material 10 is hot limited to a material formed o glass, anda polymer material having
transparengy may: alse=he vsed-Tthe opticablayer 24referablyhas.transparencyiin the visible region.
The reason for this is that since the optical layer 2 has transparency as described above, when the
optical film Ahissadierédas thé Window matetiit 187 stefk 882 wiidew gfass VisiBledight can be
transmitted, and i hting b sunlligcht can be E:Esure‘d. In addition 2s thg .surfalce to b% adhered, besides
. . & ca —conyvex 1 [ Sce eraln aln =1 f% %C Lve ayer
an inside strfacé of the glass, an outside surface theréo may also be used.

provided along the interface of this optical layer 2. The
optical layer 2 includes a first optical layer 4 having a
concavo-convex shaped first surface and a second optical
layer 5 having a concavo-convex shaped second surface. The
interface inside the optical layer 2 is formed from the

first surface and the second surface, each having a concavo-
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In addition, the optical filmmay be used together with another heat ray shielding film, and for example,
an optical absorption coating film may also be provided at the interface between air and the optical film
1 (that is, on the outermost surface of the optical film 1). In addition, the optical film | may also be
used together with a hard coat layer, an ultraviolet protection layer, a surface antireflective layer, and
the like. When being used together with the optical film 1, these functional layers are preferably
provided at the interface between the optical film 1 and air. However, since an ultraviolet protection
layer is necessarily arranged closer to a sun side than the optical film 1, in particular, when the optical
film 1 is used on a window glass surface at an indoor side, the ultraviolet protection layer is preferably
provided b%%%t@%%gdogigggg%ggrfgge g§1d the optical filo 1. In this casg, an ultraviolet absorber
may also bé kneaded in a bonding layer provi eé’ between the window glass surface and the optical
film 1. Insadditian zin, accordapee with thelapplicationof 4he opdicaliflat 1 otheieptical film | may be
colored in order to impart design characteristics thereto. When the design characteristics are imparted
as describéd #B6vé, &FEAEE oRe GHHTE FirstIRE Gpficaliayaf 4-arid the §dd6itd- optical layer 5 is
preferably formed to primarily absorb light in. 2 specific wavelength band in,the visible region without
degrading eytransparency. Fig. 2 is a perspective view sﬁowmg the ré}ationsﬁnp between incident
light incideaten the optigakfilm Land feflecteddight reflected by:the opticabfitmad. Jhe optical film 1
has an incident surface Sl on which light L is incident. It is preferable that of the light L incident on the
incident suffage Bifatay intidentyanglé (6°0): $hé dpficalfilii Eseleetively difectionally reflects light LI
in a specific wavelength band jn diregti(%ri otqler tha{I a sge%ulggs refflection diref%tti%g)n (-0, 0+1800) while
transmittingS ﬁé £12 other than ha?ien the sﬁecmflléf \‘?vavae}l/een‘gt and. T %{%mon, the optical film 1 has
transparengy. {q the lightiether than that.in theispecific wavelength-bang, :As the.trangparency, the
transmission image clarity is preferably in the range which will be described later. In this embodiment,
0 indicates@n ahglefokmed=betwetfcarhoandl kto the intidentsurfarecSEand teatincident light L or
the reflectednli,g tLI | aga%iti n, 0 indicate anan%lef rmed between a specific straight line 12 within
the incident Surface %]?a% a%ﬁﬁ%’p%nﬁerh% e in%idézrgﬁlsgh%rﬁc&r fiareflebted(ifght i projected on the
incident surfagg 51,,4n addition, ihe specific syightline:12 within the incident surfage is an axis at
which the reflection intensity in a 0 direction is maximized when the incident angle (0O, 0) is fixed, and
the optical fitm flcig rotatéd atoursd thezfiermallll trthe meident surfaceSi therfebfise& Figs. 3A to 43).

However, when there are_at least two axes (directions% at which the reflection intensity is maximized,
an outer wall member, a window material, a wall material,

and the like. In addition, the optical film 1 may also be
preferably used as a slat (insolation shielding member) of a
blind device and a screen (insolation shielding member) of a
rolling screen device. Furthermore, the optical film 1 may
also be preferably used as an optical element provided at a
lighting portion of a fitting (interior member and/or
exterior member), such as a shoji (Japanese paper shielding
door) .

If necessary, the optical film 1 may further includes a
first base member 4a on the emission surface 32 of the
optical laver 2. In addition, 1f necessary, the optical

film 1 mav further includes a second base member bz on the
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one of them is selected as the straight line 12. In addition, an angle 0O rotated clockwise around the
normal 11 is represented by "4", and an angle O rotated anticlockwise is represented by "-0." An angle

incident surface 31 of the optical layer 2. When the first
base member 4a and/or the second base member 5a is included
in the optical film 1 as described above, in the state in
which the first bass member 4a and/cr the second base member
Sa is formed as & part of the optical film 1, the following
optical properties, such as transparency and a transmission
color, are preferably satisfied.

If necessary, the optical film 1 may further include a
bonding layer 6. This bonding layer 6 is formed on one of
the incident surface $1 and the emission surface 3Z of the
optical film 1 which is to be adhered to a window material
10. The optical film 1 is adhered to the window material 10,
which is an adherend, at an indecr or an outdoor side with
this bonding layer & interposed therebetween. As the
bonding layer 6, for example, there may be used an adhesion
layer {(such as a UV curable resin or a two-component liguid
resin) containing an adhesive as a primary component or a
tacky layer {(such as a pressure sensitive adhesive (PSA))]
containing a tacky agent as a primary component. When the
bonding layer 6 is a tacky layer, a peeling layer 7 is
preferably further provided on the bonding layer 6. The
reason for this is that by the structure as described above,
when the peeling layer 7 is simply peeled off, the optical
film 1 can be easily adhered to an adherend, such as the

window material 10, with the bonding layer 6 interposed



rotated clockwise around the straight line 12is represented by "+0",and an angle O rotated
anticlockwise is represented by "-0". The light in the specific wavelength band which is selectively
directionally reflected and the specific light to be transmitted are changed depending on the application
of the optical film 1. For example, when the optical film 1 is applied to the window material 10, the light
in the specific wavelength band which is selectively dimensionally reflected is preferably near-infrared
light, and the specific wavelength to be transmitted is preferably visible light. In particular, the light in
the specific wavelength band which is selectively dimensionally reflected is preferably near-infrared
light having a primary wavelength band of 780 to 2,100 nm. By reflecting near-infrared light, when an
optical elemgnt.is adhered to a window material, such as a glass window, an increase in temperature
in a building can be suppressed. Hence, air-conditioning cooling load can be reduced, and energy
saving can be petfosmegd: ir:this @mbodinent, therdinectionat teffectnondicates. reftection in a specific
direction other than the specular reflection, and the intensity of the directional reflection is sufficiently

higher than! RSinEEHERY ofthe thfftisé Fef SO WhiteRa RBRfre ctivi? 11 thi%embodiment, the
reflection idigatesdnat e, refleglanas ing sneciligwavglendth band Jor examnleg he near infrared

region, is preferably 30% or more, more preferably 50% or more, and even more preferably 80% or
more. The transmission indicatassthat the transmittance: tma specHicamavelength bamntheegion, for
example, in the visible region, is preferably 30% or more, more preferably 50% or more, and even
rnomepﬁ#eﬁﬂﬂﬁﬁ@gﬁ%ﬁnﬁﬂ%@ing layer 6 and/or the second opticel layer 5

In addition, in crder to improve the bonding properties at
the same portion as described above, a common physical
pretreatment is preferably performed with or without using
the primer layer described above. As the common physical
pretreatment, for example, a plasma treatment or a corona
treatment may be mentioned.

The optical film 1 may further include a barrier layer
(not shewn! on the incident surface 31 or the emission
surface S§2 to be adhered to an adherend, such as the window
material 10, or between the above surface and the reflective
layer 3. When the barrier layer is provided as described
above, diffusion of moisture from the incident surface 31 or
the emission surface 32 to the reflective layer 3 can be
suppressed, and degradation of a metal and the like
contained in the reflective layer 3 can be suppressed. As a
result, the durability of the optical film 1 can be improved.

The optical film 1 may further include a hard coat
layer 8 in order to impart scratch resistance and the like

to the surface of the optical film 1. This hard coat layer
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In the optical film 1, a directional reflection direction O is preferably in a range of -90 to 90. The reason
for this is that when the optical film 1 is adhered to the window material 10, of light coming from the
sky, light in a specific wavelength band can be returned in a skyward direction. When there are no
high-rise buildings in the vicinity, the optical filmthis range is effective. In addition, the directional
reflection direction is preferably in the vicinity of (0, -(1)). The vicinity indicates preferably within 5 from
(0, -A)), more preferably within 3, and even more preferably within 2. The reason for this is that when
the range of the directional refection direction is set as described above, and the optical film 1 is
adhered to the window material 10, of light coming from the sky over buildings having approximately
equivalent haighisy Jat 1.3 spegificauglopgtn Band ganfh.efficjantlyfeturmed:sioyprd over the
other buildings. In order to realize the directional reflection as described above, a three-dimensional
structure, such as.aparvef asphete, a pastrofranbyperhola,1a friangulacpyrasiideatguadrangular
pyramid, or a cone, is preferably used. Light incident in a (0, 0) direction (-90<0<90) can be reflected in
accordancé With fH& SH&se FPa 1602 G Bieetior {60<00<900, -90%Bp< 90} taferhAtivély, a columnar
bodyextended in gne direction is preferable, L.i hf%incident in a (0, 0) direction. (-90<0<90) can be
reflected inqgcéaorrggﬁc% (\j/vifhm%%riﬁcﬁﬁeé ang ec% th%gcaﬁﬁ%%?%%a%%%net;h G l,l-% direction
(0<00<90)+he Inrtheopticak fil 4: ¢he direetional reflection oflight in a specifie wavelength band is
preferably in the vicinity of retroreflection, that is, the reflection direction of light in a specific
wavelengthbandavitt Fespect e tHe lighonclieht o thelificideab stfagé 212t atfincident angle (0, 0)
is preferably in the vicinit 0(1;&%, 0). Thf reasoE for this 1i:shtéla%vhen. the optical film. isdadhered to the

window matéfial 10, Stiight Cofiing tfrom the sky, light in & specific wavelehgth band can be returned

skyward. Inthis embadiment sthe vicinityis preferably within 5: mare prefenably-within,3, and even
more preferably within 2. The reason for this is that when the reflection direction is within the range
described dbove; and-thecaptical filmchisvadhiared tduhe windowamaterial 107 of ighttéeming from the
sky, light in a specific wavelength band can be efficiently returned skyward. In addition, when an
infrared radiafion poftiont &%8% fight receiving portion are adjacent to each other, such as an infrared

sensor or an infrared imaging device, the fetrareflection dirgction is; necessarily gguakto the incident
direction; however, when sensing is not necessarily performed in a specific direction as in the case of

the presentimvention athelretrotefiectibrn:-directiciivayemect besstrictly made eglatitorthe incident
direction. In the optical film 1, the value of the transmission age clarity measured using an optical

comb with B3%i8Hh-8f 0 5°mm i aWavel&AGHH band hading Fansiission prdpertiEs is preferably 50 or
more, more. preferghly 60 ormore,;and eyen.mare preferably, 23 or mere. When ihe yajue of the

transmission image clarity is less than 50, the transmission image tends to blur. When the value is in a
range of 50 taclessdHan 60; latthongh dependimg an the outside brightness, no problems may occur in
daily life. When the value is in a range of 60 to less than 75, aIthough a diffraction pattern of a very

bright object, such’#s &Hi§ht&durce T distirbing FPEGHBHF ¥cend ban e Bidiafy €&eh. When the
value is 75 or mare,;the diffraction pattern is. bardly disturbing, Fucthermaore, the totgl value of the

which will be described later. The difference in refractive
index between the first optical laver 4 and the second
optical layer 5 is preferably 0.010 or less, more preferably
0.008 cr less, and even more preferably 0.005 or less. When
the difference in refractive index is more than 0.010, the
transmission image tends to blur. When the difference in
refractive index 1s in a range of more than .008 to 0.010,

although depending on the ocutside brightness, no problems
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transmission image clarity measured using an optical comb with a width of 0.125 mm, 0.5 mm, 1.0
mm, and 2.0 mm is preferably 230 or more, more preferably 270 or more, and even more preferably
350 or more. When the total value of the transmission image clarity is less than 230, the transmission
image tends to blur. When the total value is in a range of 230 to less than 270, although depending on
the outside brightness, no problems may occur in daily life. When the total value is in a range of 270 to
less than 350, although a diffraction pattern of a very bright object, such as a light source, is disturbing,
an outdoor scene can be clearly seen. When the total value is 350 or more, the diffraction pattern is
hardly disturbing. In this embodiment, the value of the transmission image clarity is measured in
accordancg with, IS, K7105using, IGM:LT maaufactured by-uga Jest Instiurpents o, Ltd. However,
when a wavelength to be desirably transmitted is different from a 065 light-source wavelength,
measuremeéntiiszpreferably: peHorned aAfter corrgdetion s perfotmed .using adfiltardoptheawavelength to
be desirably transmitted. In the optical film 1, a haze in a wavelength band having transmission

properties fS-preféably Bok BF [eSsl midredpréfdrabRF 494 dr 1284 25hd evenmbre Prefefbly 2% or less.
The reason, for this is:that,when,the haze.is more; than 6%, ransmitied light is scatiered and blurred.

In this embodiment, the haze is measured in accordance with a measuring method specified by JIS
K7136 using:HM-1150 mandtactured by Mirakami Colori Résearch Lalidratery Ces4td. However, when
a wavelength to be desirably transmitted is different from the 065 light-source wavelen

th,
measurementisireferabhi perfefhéd Sitet Tohettion i§ peHofmedsing & flite? fgnlfﬁ%gwavelength to
be deSirablcyptﬁal'&%'?ittfgyérrh%inﬂg&n{ﬁgrf%%@%é)f ‘%Pﬁgfa'ﬂ"%% has g smogthness so as not to
. . pre y’ 1} .

degrade the transmission image clarity, an erably, the incident surface Si and the emission
surface S21koth:have the smaethnessas-descriteshabave: dr particulan A agthmetic average
roughness Ra of each of the incident surface Si and the emission surface S2 is preferably 0.08 |Am or
less, more pr&ferablly0.06 Pt oF fess: @iteen mdré Praferably™ 02 % ‘or leSY I EIdition, the

arithmetic average rouggneés Ra d%s%i%q:goabovec§ calcgélialteq as ialgﬁ)uphgesskyarameter by

. re 3 SSCIrl ey O =} a <
measuring ?he SUI']J‘F}ICG roughness o ﬁTE mcmi]ent surt%cepandcobtamlng a I’OUng‘IHESS curve from a

two-dimensignak-profile, curyve. In additions the: measurement genditippsrare set in aceeklance with JIS
80601: 2001. A measurement apparatus and measurement conditions are shown below.
Measureméntappaiaiis il auvsrnatic iéréprefikpreasurigtinsrumentSurfcorder ET4000A

(manufactured bg/, Ko_saka LC bo_rgtoégxtud.g Ir}: 3(31]9&%!ix'gion(x:gc iso Isle'%:L tg‘O.SIram; an gyggjation length is
setto 4 mn?;oél%u%&ﬁsasettatoqﬁytlm%s; ana a 881% sampﬁng |r§[t18rvagf IS set '[ODO.% pia. !
when the structure as described above 1s formed, the
difference in refractive index of the tacky agent is
preferably in the range described above.
The first optical laver 4 preferably has the sane
optical properties, such as the refractive index, as those
of the second coptical layer 5. 1In more particular, the
first optical layer 4 and the second coptical layer 5 are
preferably formed of the same material, such as the same
resin material, which has transparency in the visible regicn.
When the first optical layer 4 and the second optical layver

5 are formed of the same material, the refractive indexes

therecf are egqual to each cther, and hence, the transparency
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The transmission color of the optical film 1 is preferably as neutral as possible and, even if being
colored, the transmission color preferably has a light color tone that appears cool, such as blue,
blue-green, or green. In order to obtain the color tone as described above, the chromaticity
coordinates x and y of the transmitted light incident on the incident surface Sl, passing through the
optical layer 2 and the reflective layer 3, and radiating from the emission surface S2, and the
chromaticity coordinates x and y of the reflected light preferably satisfy, for example, 0.20<x<0.35 and
0.20<y<0.40, more preferably 0.25<x<0.32 and 0.25<y<0.37, and even more preferably 0.30<x<0.32
and 0.30<y<0.35 in the case of illumination of the 065 light source. Furthermore, in order not to make
the color tone 19ok . gglsb %/ﬁ§-ocgg i%grgfﬁﬁ%¥g§§isfim%¥>x s more preferaply satisfied. In
addition, if the reflection cojl r tone varies with the incident angle, for example, when the optical film 1
is applied t@a buidingiwindew itds not preferable sinee the: eelos tone taoks:differantlyfrom place to
place or appears to change when viewed during walking. In order to suppress the change in color
tone as desérilsetFabede fthe dissidte Valiie bf thedifferbfice T the®Ehfbmaicif Coorditfate x of light
incident onetgegn%igﬁngfsgrfac 7OSi or trjlmenerrg:igsigjr]ts,unl‘ﬁascea?1 at.an iT%i}gent gg‘%lefg)ipﬁa range of 50 to
60 and specu?arly reflected %y he opfical(gfilm T%hd the absolute valuié of the difference in the
chromaticity ceprdinate-y ©f dhe lightane-each preferably 0:105:0rless more preferably0:03 or less,
and even more preferably 0.01 or less at each primary surface of the optical film 1. The above
numerical iitafiens 6 tHe ceiatidity cdordinates k dtithy of the' peffettdd #gHt fecpreferably
satisfied for both the iné:idenlt syrface 2}1 and the emi(isifon surfa%e S2. Hetreinaft r, the first optical
layer 4, the’Second 8Bt|claﬁ€iayeral§],e§n the reflective ayé:ro‘lo;ﬂ, V\d?ﬁicﬁ%ﬁﬁ‘ihreﬂ%p%é i 1, will be
sequentially described. thirst Qptical Layer.Second-Opticaklayer) r ro Thefirst.apticaldayer 4 is a
layer, for example, to support and protect the reflective layer 3. Since imparting flexibility to the optical
film 1, the firshepticalilayér 4 ¢s formed-of forexample; aflayer contaldirga resin as a primary
component, For example, one of the two surfaces of the first optical layer 4.is a smooth

surface, antHREIORB B ate 15 CAEAh i iU AR A et SarAREH T RS actie layer 3 is

formed on this concayoconvex surface. . e J hersegond-eptical jayer & is a layerto protect the
reflective layer 3 by embedding the first surface (concavoconvex surface) of the first optical layer 4 on
which the réflgttivestayer8,is formedidn ordestozimpart the-flexibility tonthe opticab fitlm-isdhe second
optical layer 5 is formed, for example, of a layer containing a resin as a primary component. For

example, oheBFthE Ao BHMBRFSSTacdSof thtPdEcdritl Bftical fayers 18 $hd6th sutface, and the
other surfagg is 2 cancayp-conyex surfaces(a-seqand surface), The caneayosconyex syrface of the first

optical layer 4 and the concavo-convex surface of the second optical layer 5 have the relationship in
which the cofndavowonvex shapesdare reversed toieach othercal The<ontawadomvex surface of the
first optical layer 4 is formed, for example, of at least two structures 4c which are one-dimensionally
arranged. THE c8REAVS cORVEX &rfaéd ®F the second optical layer 5 is formed, for example, of at least

two structures SCIV%@C@iqgtongéqm%rlsigg@,lgraqaggad 1.gﬁge_ g&%n?%ﬁ g%ég): a%inggf#@g structure 4c of

the first optical layer 4 and the structure Sc'of the second optical layer 5are only different from each
other such thatdhr goncave=conyexsshapesdhereofarereversed: heteinafter,the structure 4c of the
first optical layer 4 will be described. In the optical film 1, the pitch P of the structures 4c is
preferably i t&1Tge 6f 53pm $65TANE Thore préférasly ff definitions of the

transparency, that is, one definition means no light
absorption and the other definition means no light
scattering. In general, the transparency indicates only the
former; however, the optical film 1 according to the first
embodiment preferably has the above two optical properties.

Since a currently used retroreflector aims that reflected
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a range of 5 km to less than 250 km, and even more preferably in a range of 20 to 200 km. When the
pitch of the structures 4c is less than 5 Km, it is difficult to form a desired shape thereof, and in
addition, it is also generally difficult to obtain steep wavelength selection properties of the reflective
layer 3; hence, the transmission wavelength may be partially reflected in some cases. When the
reflection as described above occurs, since diffraction is generated, and high-order reflection is also
viewed, the transparency tends to look not so good. In addition, if the pitch of the structures 4c is more
than 5 mm, when the shape of the structure 4c necessary for the directional reflection is taken into
consideration, a necessary film thickness becomes large, the flexibility is lost, and as a result, it
becomes d'fgicgllyq:g Egrecthde g[gti%aléiirg liga risqild k?oéj : guch aﬁ tgg v%ingowcﬁ]ggerial 10. In
addition, w &n the pitch o the structures 4c is'set 10 less than 250 m, since the exnﬁlrh?y is further
increased, amol-tairgh mranufaciying:process can be easily pedosmed: apd a batchymagufacturing
process may not be necessary. In order to apply the optical film 1 according to an embodiment of the
present invepfitn 26 bidldriPRRIEASS, sl as E\window aheopticaP film 4 iSTheeedsary to have a
length of ap:proxim%te% %gveral ﬁ%ter , and hence, a Oll-to-{ﬂ'emggy{ﬁctg“gg process is suitably

performed rather than a bateh manlﬁgcta&i%jé ﬁr%cegg. Eﬁl‘thermore, when the pft@n s setin a range of

20 to 200 prastheproduetiviteis furtherimpravedss . Imaddition, the shape of the structure 4c formed
in the surface of the first optical layer 4 is not limited to one type, and the structures 4c may be formed
in the surfaze dflthé first optical layer tochave at least awdaypes of shapés aWhenlthesstructures 4c

having at least two tXpes of shapes are formce.d 52 the surface, a }gredetgrmined r;\cttern formed of the
structures &¢ RBYihg atlea&lfivo fy%pe%nofa%a]& hay & pefiodically Tepdatdd® n5dditidn, depending

on desired ?&E@P@%@%@%@HE@&%@@aéléﬂgaa%@@a%“@%z@)ﬂ%%%%%h%&e%m?@’ebe randomly formed
(aperiodically). Figs. 3A to 3C are perspective views each showing a shape example of the

structure fordredimythedivstreptical |ayeriThesstnmtuies 44 are éach Eoeslumnartconcave portion
extended in one direction and are one-dimensionally arranged in one direction. Since being formed on

the structufdS4 & e FéfBetiveBer 3 HyS the Sdifie'shape 917 $0iFAte SA8p8 of the structures 4c.
As the shape of the structure 4c, for.example, there may be menipned 3,prism shape shown in Fig.
3A, a shape having a round ridgeline portion of a prism shown in Fig. 35, a reversed shape of a
lenticular shape irf Fig.\30; @rsnraversech shape theredf=Indthiscaserthé lentieulae shape indicates a
shape in which the cross-section perpendicular to a ri(g)%eline of the convex portion is a part of an arc

shape or aR&tndst ar8S7&5e, h allipfiéasieshie 6PAR amBstEftpficalrsit shape, or a parabolic
shape or an almost parapolig shape. Therefore. 3 cylindrical shage.s plso,eateggrized,in the lenticular
shape. In addition, as shown in Fig. 3B, a round shape (R) may be formegat the ridgeline portion, and
the ratio R/Py thatnis rthedratiocofta curvature-radilys Retocthe pitch Rof the stractureidc is preferably 7%
or less, more preferably 5% or less, and even more preferably 3% or less. The shape of the structure
4c is not linkitéd B tHe-8h&sés SRowndh Figs 334 %6 S0%nmd fieerévie?sed sRAPBE Hereot and a toroidal
shape, a hy Cecr(t:))gl' agglur%%rhsri\: e, an glﬂgg%alocrglur@qgr shéagge%%)ly ornoalé:otllulrggar shape, and a
free-form shape may also'be used: In ad ition, the Vertex of the prism pe or the lenticular shape

may be formed tochave:apolygonal shape{suek asa peatagonahshape). d¥hendhe strcture 4c is
formed to have a prism shape, an inclined angle 0 of the prism-shaped structure 4c is 45 or the like.
When applied to theswitifovr tatéfiarl 0, the stifcterele preferably has d fiat sdrface or a curved
surface having an inclined angle of 450 or more in ordey to return light coming from the sky in a
skyward dir%% |5ﬁoags riﬁ%c% gsggésasigf%dgy resﬁle%ﬁoﬁs T%%eregégn?ﬁe%%%%‘glai% dgsngribed above is
formed is thatsinge theinsmission properties primarily to transmitted

light having a wavelength other than the specific wavelength

with a tacky agent interposed therebetwegen. As the window

material 10, for example, a building window material for a

high-rise building or a housing or a window material for a
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incident light is almost returned skyward by one reflection, even if the reflectance of the reflective layer
3 is not so high, the incident light can be efficiently reflected in a skyward direction, and light
absorption in the reflective layer 3 can also be reduced. In addition, as shown in Fig. 4A, the
structure 4c may have an asymmetric shape with respect to the normal 11 to the incident surface Si or
the emission surface 32 of the optical film 1. In this case, a primary axis Im of the structure 4c is
inclined in an arrangement direction a of the structure 4c with respect to the normal 11. Were, the
primary axis 1, of the structure 4c indicates a straight line passing through a central point of the base
of a cross-section of the structure 4c and the vertex thereof. When the optical film 1 is adhered to the
window majerial-1Q agranged approximately peendicylay ta the ground; as showniimEig. 45, the
primary axis Im of the structure 4c is preferably inclined to a lower side (ground side) of the window
material 10.WwitH sespectetoithe,norsal &t Thelreasbn for tsis thatdn General, since a larger amount
of heat enters through a window about in early afternoon, and the_height of the sun is larger than an

angle of 45°hany ta%ed By tRthg the 8fiape Be8ErBad abbve, lightihEiieRTt at these high angles as
described ahove gan, be;efficiently reflected upward, An asymmelricalprism shape ofithe structure 4c

with respect to the normal li is shown by way of example in Figs. 4A and 4B. In addition, the structure
4c having ashape othemthan aprisnyskhidape mayalsoshave:an asynwnetricakshiape witherespect to the
normal 11. For example, a corner cube body may have an asymmetric shape with respect to the

normal  TREfREEStcal 1Idy6 4 BRstaradly nditdés A5ebifas AR cShpoREnt in which a
decrease i gg?gf?%glmg%wyi %tﬂr%%%é%ﬂs'zl@“ﬂ@ i, which the storage modulysat.25C is not
con5|derabﬁ(§/ ifferent from that at 100C. In particular, a resin having a storage modulus of 3x109 Pa or
less at 25C-and a:sigrage: Madulus of 3x10¢ Pai ormpreat 1OO0EC:S. preferabbypcantained. In addition,
although being preferably formed of one type resin, the first optical layer 4 may include at least two
types of redihsMnladditioRSif netessary, abfeast dheaddifivd tnay? B& toritdired. 9+ a#hen a resin is

used as a primary, component in which a d ase jn_storag ul 0C,i all and the
storage mgfj%r?us %its 25C and thsﬁea%jla{)ho gf%%bt Sép %%ucgh% d%f@%%t#gﬁ eéagchgé%z%? even when a
process inctudingieating, with orwitheut pressuresapplication:is perfornedaftes the formation of the
concavo-convex surface (the first surface) of the first optical layer 4, a designed interface shape can
be mostly riairtained. Onrthiecother hamdls whiha PesiR- S TSEAHE"S PiftaryohiSonent in which a

deueasel%raHSparency may also be used. The optical layer 2

preferably has transparency in the visible region. The
reason for this is that since the optical layer Z has
transparency as described above, when the optical film 1 is
adhered to the window material 10, such as a window glass,
visible light can be transmitted, and lighting by sunlight
can be ensured. In addition, as the surface to be adhered,
besides an inside surface of the glass, an outside surface
therecf may alsc be used.

In addition, the optical film 1 may be used together
with another heat ray shielding film, and for example, an
optical absorption ceating film may also be provided at the

interface between air and the optical film 1 (that is, on
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storage modulus at 100C is large and the storage modulus at 25C and that at 100C are significantly
different from each other, a designed interface shape is considerably deformed, and for example, the
optical film | may be curled in some cases. As the process including heating, besides a process,
such as an annealing treatment, in which heat is directly applied to the optical film 1 or constituent
members thereof, for example, there may be mentioned a process in which when a thin film is formed
or a resin composition is cured, the temperature of a film forming surface is locally increased and is
indirectly applied to the thin film or the resin composition and a process in which the temperature of a
mold is increased by energy ray radiation and is indirectly applied to an optical film. In addition, the
effect obtainied By ITitng. the. fumerical yalug Jange of the slaragemodulys desribed above is not
partlcularlytllmlte toa specn‘fc type of resinand c A be obtained from any type of a thermoplastic
resin, a thermoselting kesin; and anenergyJaysarakiedesinge hdhe.starage mogtlus of the first
optical layer 4 can be confirmed, for example, as described below. When the surface of the first optical
layer 4 is exposed atferstopdygelricHiis 6 its RXPpOSEH Stfface X&ify bé cBRfiféd by measurement
using a micro ardqﬁelss tester. in a(ejditionl,] hC n thlLirést baﬁg rrqegan.eﬁr 4adgreg1e like is formed on the
surface of the first épﬁ%ﬁaye/er 47&fér theirst basé member 4a or the Tike s peeled off to expose the
surface of thefirstepticaldayerd, theisterage moadulys efthe-expesed suHace gga be confirmed by
measurement using a microhardness tester. ~ As a method for suppressing a decrease in modulus at
a high temperatures fie thé dse of aithermopldstie resire Idrexarmpleysemeticd fo'adjasting the length
of a side chain or the type thereof may be mentioned, andlig the case of a tl'kermcosetting resin and an
energy ray curible r&sih, 2of exampls. & ethod for adjusting the Rumbet of cross-finking points and

the molecularstructure,gf-a crass-linking.agent may bednentioned, However, itispreferable that
necessary performance of a resin material itself is not degraded by the structural change as describe.

For example; depehding.on the type af trassiiking agent; teeresin bty béddmefragile since the
modulus thereof at approximately room temperature is increased, and, a film T}ay be warped or curled

since the sHARKAGE' thier&bF & cPedstl: FEnta T the'type of ¢ro88finking agent

IS appropriately

selected in accprdange with,desired;properties. ;s When the firs optical layer ddagludes a crystalline
polymer material as a primary component, a resin is preferably used as a primary component in which
the glass this window glass surface and the optical film 1. In this

case, an ultraviclet absorber may alsc be kneaded in a

bonding layer provided between the window glass surface and

the optical film 1.

In addition, in accordance with the application of the

optical film 1, the optical film 1 may be colored in order

to impart design characteristics thereto. When the design

characteristics are imparted as described above, at least

one of the first the optical layver 4 and the second optical

layer 5 is preferably formed to primarily absorb light in a

rspecific wavelength band in the visible region without

degrading the transparency.

Fig. 2 is a perspective view showing the relationship

between incident light incident on the optical film 1 and
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transition point is higher than the highest temperature in a manufacturing process and a decrease in
storage modulus at the highest temperature in the manufacturing process is small. On the other hand,
if a resin is used in which the glass transition point is in a range of a room temperature of 25C to the
highest temperature in a manufacturing process and a decrease in storage modulus at the highest
temperature in the manufacturing process is large, it becomes difficult to maintain a designed ideal
interface shape in the manufacturing process. When the first optical layer 4 includes an amorphous
polymer material as a primary component, a resin is preferably used as a primary component in which
the melting point is higher than the highest temperature in a manufacturing process and a decrease in
storage mqdifys at the highest temperature inthe-maniHactdring pracess isistaall. On the other hand,
if a resin is used in which the melting point is in a range of a room temperature of 25C to the highest
temperaturecinia elanifactutingasrosess andde décreastan stéragermodufus atitiethighest
temperature in the manufacturing process is large, a designed idea| interface shape may be difficult to
i s SAbodmGHE e § bt

be maintaingd I tHe fanufacturing process. odim&RE t jhest téiaperattre in a
manufacturing pracess-indicates the highest tempgrature of.the concavo-gpnvex surface (the first

surface) of the first optical layer 4 in the manufacturing process. It is preferable when the second
optical layens atsolsdtisfiesthe mrmerical valug. range ohthelstorage amodulds and the temperature
range of the glass transition point described above. That is, at least one of the first optical layer 4

and the se&8nd optieaHayEr 5praferaBly coitmhs 'd résift having 2'térage mottiftis™f 3x109 Pa or
less at 25G, The.reason for this is, that;sinee the. flexigility canqpe impaited:tpthe,pptical, fim 1 ata

room temperature of 25C, the optical film 1 can be manufactured by a roll-to-roll manufacturing
method. 1 ikhe:firs{ base=member 4a andthe Seconddaseimenibersanhave Honéxample,
transparency. Although the base member preferably has a film shape in order to impart flexibility to the

optical film*F: tRébhaseGhienbe? i§Rbt particulary imited t& IR S A% & tmdteRal for the first base
member 43 pnd dng second base.memiel 3, Joigxample. a,comimon, pRvgaeY matefla] may be used.

As the common polymer material, for example, there may be mentioned a triacetyl cellulose (TAO), a

polyester (TREE)rapotyethylene terephthalate) {PET), apolyimide (REyapolyamide (PA), an aramid,
a polyethylene (PE), a polyacrylate, a polyethersulfone, a polysulfone, a polypropylene (PP), a
diacetyl celilbée ralpbly (VinyT eRlofiteycary a&R/ résin (PRVIMAT 55 poRRarbérate (PGYan epoxy resin,
a urea resi@halL urg’g@gg{iﬂ'gg% ora r.lnﬂecliamér]tee gesig; %%Vc\;';eLverf thre gglybrré [ r@gteréiial is not particularly
limited to the above matenials. In view of the procfuctlwty, the thickness of the first base member 4a

and that of {he:sgcond hase-member; 5a.are eachnreferably[in a rangenefi38 e 1004w, however, the
thickness is not limited thereto. The first base member 4a and the second base member 5a each
preferably have eperyy: fltransparehel i The-reasondeethis i ithat akndesaribesbéldw, an energy ray
curable resirgl Eovi.(%ed be een the reflective Ia;rzgrc 3 and the fjcrstlbase member .4;;:\ %rhtge second base

member 53 cdn be’cliréd y ifradiation of gr?é:rlgy ray§ ?Foarﬁ‘(fﬁe first base memiber 4a or the second
base member-5aside. surface 51 and a component of the incident light L

or the reflected light 1, projected on the incident surface

S1. In addition, the specific straight line 1l; within the

incident surface is an axis at which the reflection

intensity in a ¢ direction is maximized when the incident

angle (8, ¢) is fixed, and the optical film 1 is rotated

around the normal 1; to the incident surface S1 thereofl (see

Figs. 3A to 4B). However, when there are at least two axes

(directicns) at which the reflection intensity is maximized,
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The first optical layer 4 and the second optical layer 5 have, for example, transparency. The first
optical layer 4 and the second optical layer 5 can be obtained, for example, by curing a resin
composition. As the resin composition, in view of the ease of manufacture, an energy ray curable resin
to be cured by light, electron rays, or the like or a thermosetting resin to be cured by heat is preferably
used. As the energy ray curable resin, a photosensitive resin composition to be cured by light is
preferable, and an ultraviolet curable resin composition to be cured by ultraviolet light is most
preferable. In order to improve the adhesion between the reflective layer 3 and the first optical layer 4
or the second optical layer 5, the resin composition preferably further contains a compound containing
phosphoricogl%idbdg Qc%rg%oq%d cg%air%ig sauscc'r}qi(g3 agjﬁdragnd@r @ng% pound containing butyrolactone.
As the compound containing p%ospﬁorlc acid, for example, a (met %nac?ylate containing phosphoric
acid may hejused,and a{methperglic-monomer-ceriaining phospharie asid.asasfunctional group or
an oligomer thereof may be preferably used. As the compound containing succinic acid, for example, a
(meth)acryldte corEainitiy- sacéinic add maybeaused Gl & (Feth)aRfy IR ihoRdRTeFEotitaining succinic

acid as a functional group or, an oligomer thereof m e prefe a#y used, As the compound containing
butyrolactolnse, for éfgasr%ﬁ%e?%aprﬁeth)ggrylart}én(':o%?gi%wg’ bgﬁ%glg% one Pnca@wﬁes %sgé‘d,@g% a (meth)
acrylic moneet eeataiping butwrolactone-as afunetienalgroupor anakgemes thereoh may be
preferably used. The ultraviolet curable resin composition contains, for example, a (meth)acrylate
and a photopohymsetizatiohchitiaker. 3 adlditior fasegessany théWttaviolet curable resin composition
may further contaiﬁ]a Iith stabiliz% , a flame retarder, aéeveling agent, a ar&t}ioxidant, and the like.

As the acrylate, a Honomerhaving at I8&St o (mEMYECSIBH T Grotips alid/or an-sligomer thereof is
preferably used As {his manomer pndianthe ligomerthered!, forLxamples aurethane (meth)acrylate,
an epoxy (meth)acrylate, a polyester (meth)acrylate, a polyol (meth)acrylate, a polyether
(meth)acrytateper & maelaminée ¢methyacrylate:maydse esddnbere, theqmethjadcryloybgroup indicates
one of an acryloyl group and a methacryloyl group. In this embodiment, the, oligj[omer ind]ircates a

molecule having'& niletrar weidht in“a rarge 6780816 600080 =" *RsIRE photopdiyPherization
initiator, a Gampgund apprapriately,selested:from common materials may be wsed. As the common

material, for example, a benzophenone derivative, an acetophenone derivative, and an anthraquinone
derivative maydiefused alone=opincdmbihationc i hesametntofithelpolymerizationanitigtor is
preferably in a range of 0.1 to 10 percent by mass in a solid content. When the amount is less than 0.1

percent by Tfiass diirabiifty i GE8gradét? and pragiiésl inddéthal protiuction may not be suitably
performed. Qn the other hand,when fhe amaunt otthe polymerization. inliatgr is; mare than 10 percent

by mass, and the amount of irradiation light is small, an odor tends to remain in a coating film. In this
case, the solidigontentrindisatescall the, camponents:forming.a curedhard ceat ddyeroirhparticular, for
example, an acrylate, a ,

band which is selectively dimensicnally reflected 1s

preferably near-infrared light having a primary wavelength

band of 780 to 2,100 nm. By reflecting near-infrared light,

when an optical element is adhered to a window material,

such as a glass window, an increase in temperature in a

building can be suppressed. Hence, ailr-conditioning coocling

load can be reduced, and energy saving can be performed.

In this embodiment, the directional reflection indicates

reflection in a specific directicn other than the specular

reflection, and the intensity of the directional reflection



photopolymerization initiator, and the like are collectively called the solid content. A resin to which
the structure can be transferred by energy ray irradiation, heat, and the like is preferably used, and as
long as the above-described request for the refractive index is satisfied, any type of resin, for example,
a heat curable resin or an ionizing radiation curable resin, such as an epoxy resin, or a thermoplastic
resin, such as polycarbonate or polyacrylate, may be used. An oligomer may be added in order to
decrease the curing shrinkage. A polyisocyanate or the like may also be included as a curing agent. In
addition, in consideration of adhesion to the first optical layer 4 and the second optical layer 5, at least
one of a monomer having a hydroxyl group, a carboxyl group, or a phosphoric group; a polyalcohol
compound; a carboxylic acid; a.silane, an . alumi or.atitanjum coupling ..and various
chelating a%jsen?su %nxgycélg%ocﬁg aﬁé@g .%r k"ﬁ% rg}s,%ncbllr;n%%s%}o p?éPfera glyc%ﬁ%rs %ontains a
cross-linking:agent Asthis, crosselinking agentdn partieular, mcyelicscrossdinkinghagent is preferably
used. The reason for this is that by using a cross-linking agent, heat resistance can be imparted to the
resin withotlt-eorsitierably ehahgitig-theestofagd middults bt FemnefmpetatureP fthé Sforage modulus
at room temperature t%orksé%ec{ab%%h%r;%es the o%ic%@lm 1 will betcocgne gagge,.and production of

the optical‘fii m l%? aroll-to-roll process or' leel’lke becomes difficult. AS the cycﬁé" %Irldss-linking agent,

for example sthere raay beymentioned dioxane.glyeokgiaeedate; fricysiodecanerdimethanol diacrylate,
tricyclodecane dimethanol dimethacrylate, ethylene oxide-modified isocyanuric acid diacrylate,
ethylene ogidermodiffedisedyariricyadidtriasrylates or caprolabtonenicdified tris(acryloxyethyl)

isocyanurate. . The fi[C t basehmemrberg 4a or tahec%e(i%nd baslse Cgrwlefrngegq g\gearegler%ly has a lower
water vapo%??jaln%%%éion fate than that of THe firs optical ?aye?% or the Sécond oﬁtlcal layer 5. For

example, whenthe-first optiealdayer4.is formed fram aneneray ray, cyrablegesin, such as a urethane
acrylate, the first base member 4a is preferably formed, for example, of a poly(ethyiene terephthalate)

(PET) havingehergy fay frahsmission propertiesrarid atewey wWatér vaporctransmission rate than that
of the first optical layer 4. Accordingly, diffusion of moisture from the incident surface Si or the
emission sirfa8e 270 HETERE la/&f 3°Can'BE Suppressed, so that degradation of a metal or the

s o

approximatély-240gim? ¢day $40Ce96%®mRH). in a range of -3%0° to 90°. The
reason for this dis that when the optical film 1 is adhered
to the window material 10, of light coming from the sky,
light in a specific wavelength band can be returned in a
skyward direction. When there are no high~rise buildings in
the vicinity, the optical film 1 in this range is effective.
In addition, the directional reflection direction is
preferably in the vicinity of {8, -¢}. The vicinity
indicates preferably within 5° from (0, -¢), more preferably
within 3°, and even more preferably within 2°. The reason
for this is that when the range of the directicnal refection
direction is set as described above, and the optical film 1

is adhered to the window material 10, of light coming from

the sky over bulldings having approximately eguivalent
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It is preferable that at least one of the first optical layer 4 and the second optical layer 5 includes a
functional group having high polarity, and that the content thereof in the first optical layer 4 is different
from that in the second optical layer 5. It is preferable that the first optical layer 4 and the second
optical layer 5 both contain a phosphoric acid compound, (such as a phosphoric ester), and that the
content thereof in the first optical layer 4 is different from that in the second optical layer 5. The content
of a phosphoric acid compound in the first optical layer 4 is preferably different from that in the second
optical layer 5 by two times or more, more preferably 5 times or more, and even more preferably by 10
times or more. When at least one of the first optical layer 4 and the second optical layer 5 contains
a phosphotic agid-compound, the reflactive fayer.3 praferaply contains an exide, a nitride, or an
oxynitride in a surface thereof which is in contact with at least one of the first optical layer 4 and the
second optica layer 5 Which: contains alphosphoriceacid kenpdund. b padticudar, thé reflective layer 3
preferably has a Iager containing zinc gxide (ZnO) or a niobium oxide whijch is in contact with at least

one of the firSt optical B§ar a%nd tHe Sedsid opfical 1a5ers Which cafitains & phoephoric acid
compound..The reason fordhisisfo.lmprove the,agdhesion between at least oneof these optical layers
and the reflective layer 3. In addition, the reason for this is that when the reflective layer 3 contains a
metal, suclsps g a highecorregion resistancel effeet cani be obtainedylreaddition, the reflective layer 3
may also contain a dopant, such as Al or Ga. The reason for this is that when a metal oxide layer is

formed by &'$pafRRHAGAGHOGrEFTHY I the Fiftiquality BRE thé Ehidothiiess aré ifipfoved. ~ Since
imparting design;characferistics tofhe gptical film 1, thgwindows material, 10, apd the like, at least one
of the first optical layer 4 and the second optical layer 5 preferably has properties of absorbing light in
a specific wavelergthdaand: indthe visible segion. Altheughcg pigmentitoche dispersed in the resin may
be any one of an organic-based pigment and an inorganic-based pigment, in particular, an inorganic
pigment havfhg frierent igh Weathe: resistnée & preférdsly udelCmParieuRior example, there
may be mentioned inorganic_pigment h as zir r 0, Ni-dgped. ZrSi praseodymium
yellow (Prﬁé}?ee&‘%%%io%% g3: et (?i%;r%%mléezﬁgor\c/v&;(]%%, s%(-%bpyal iozdéﬁ%slr,g) \?@%—’éoéaé?d Ti02),
chrome green(such) as 0r203); peacock blye {(CpZr)R(AIC)208) < Victaria green (Al, Cr)203), dark
blue (CoO-AI203-5i02), banadium zirconium blue (V-doped ZrS104), chrome tin pink (Cr-doped
Ca0-5n02-8i:02% dhafganess pifle(MA< toped ARD33, aid SBRNGR Pk (Fe-86peE ZrSio4); and

organic pigments, such as.an azo pigmen n<d? hthalocyanine pigment. (Reflective layer) The
reflective Ia?/el{kl%’ aw \)/eléejhlé%éé%cgti\(/g r%a(?f)ec i%é‘e layer formed of a laminated film in which, of light

incident on an incident-surfaae; atan incident, argle (9i 4p-lightinia specifie wavelength band is
directionally reflected while light other than that in the specific wavelength band is allowed to pass
therethrought dtkie averagerthickhesswi tihe ¢aflddtiveziager 8 i9 préferatsly 20Hm bRfess, more
preferably 5 pm or less, 1gnd even mrge g{eferably 11.tmor I%ss. WQ n tge average thickness of the
reflective layer 318 Tiore thian 20 pim. e length of alight path'in Which fransmitted light is refracted is
increased, gnd a-trapsmigsion §nageis liabledoslook distoredrnAsra formationimethod of the reflective

layer, for example, a sputtering method, a deposition method, a dip coating method, and a die coating
meﬂuximaydnpﬁﬁﬁnkmeﬁbe light incident on the incident surface 51 at

an incident angle (8, ¢) is preferably in the vicinity of (8,

). The reazson for this is that when the optical film 1 is

acdhered to the window material 10, of light coming from the

sky, light in a specific wavelength band can be returned

skyward. In this embodiment, the vicinity is preferably

within 5%, more preferably within 3°, and even more

preferably within 2°. The reason fcr this is that when the
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The laminated film is a laminated film having at least five layers, for example, in which metal layers
having a high reflectance in the infrared region and high refractive-index layers having a high refractive
index to the metal film in the visible region and functioning as an antireflective layer are alternately
laminated to each other. As the high refractive-index layer, an optically transparent layer or a
transparent conductive layer may be used. = The metal layer having a high reflectance in the infrared
region contains, for example, as a primary component an element, such as Au, Ag, Cu, Al, Ni, Cr, Ti,
Pd, Co, Si, Ta, W, Mo, or Ge, or an alloy containing at least two elements mentioned above. In
addition, when the practicality is taken into consideration, among these mentioned above, a Ag-based,
a Cu-basesx, Al- asedaarsei-gased, or a G%-lbasecqqrenaterial is&refera%lgdtljsaeg%\#?en an alloy is

used as a material Tor the metal Ijé?/rér,ltﬁewnjietaﬁayer prélﬁel}ggly contains A Cu, AlCr, AlCo,

AINdCu, AlMgSH #gBp AONACY,:AGPUCus AgRd-AgCUTi.-AgRdeacAgRgMg; 1A PdRe, Ag, or SiB as
a primary component. In addition, in order to suppress the corrosion of the metal layer, a material,
such as Ti of N 4% preferably ddued tHetedkin pattiiilar witerpAgad fi56d es7a hiatekal for the metal

layer, the materjial mentioned_ abqgve js preferably added. The optically transparent layer is an
optically trra%“lna}sfvﬁ)(f%\ré:ﬁf1 layer whickr ﬁ%%lczlﬁigﬁer%‘rlr*a%ﬁ\g/e ?r%a@;(aﬁﬁdthe vgi)éﬁbf\eé%elg%lé"r?%hdv%%éions as an

antireflectivg,layer.-Lhe @pticalix transparant Jayercontains; forexampley, a-high gielestric material,

such as niobium oxide, tantalum oxide, or titanium oxide, as a primary component. The transparent

conductivedayercontais; forexample; ds=d ,primaly esmponenf aZo-basedcoxide oran

indium-doped tin oxide, In addition, as the ZnO-based oxicfjﬁ,@for example, at least one selected from
alu

the group coMSTSting of ZIAE GxXidé t2H0)° yaliftiin 1Ea] Rha alGmimin (AhEdSped Zinc oxide (GAZO),
Al-doped zinc.oxide (AZQ). and galliumy{(Ga)-daped zing;oxide (GZO)may beuseden

sensing is not necessarily performed in a specific direction
as in the case of the present invention, the retroreflection
direction may not be strictly made egual to the incident
direction.

In the optical film 1, the value of the transmission
image clarity measured using an optical comb with a width of
0.5 mm in a wavelength band having transmission properties
iz preferably 50 or more, more preferakly 60 or more, and
even more preferably 75 or more. When the value cf the
transmission image clarity is less than 50, the transmission
image tends to blur. When the value is in a range of 50 to
less than 60, although depending on the outside brightness,
no proklems may occur in daily life. When the value is in a
range of 60 to less than 75, although a diffraction pattern
of a very bright obiect, such as a light source, is
disturbing, an outdocr scens can be clearly seen. When the

value is 75 or more, the diffraction pattern is hardly
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In addition, the refractive index of the high refractive-index layer included in the laminated film is
preferably in a range of 1.7 to 2.6. The refractive index is more preferably in a range of 1.8 to 2.6 and
even more preferably in a range of 1.9 to 2.6. The reason for this is that the antireflection in the visible
light region can be realizable by a thin film in which cracks are not likely to be generated. In this case,
the refractive index is at a wavelength of 550 nm. The high refractive-index layer is a layer containing,
for example, a metal oxide as a primary component. As the metal oxide, in order to reduce a stress of
the layer and to suppress the generation of cracks, a metal oxide other than zinc oxide may be
preferably used in some cases. In particular, at least one selected from the group consisting of
niobium ox&eswi%%pio%%@l%éigg?, tantalum gxide (such as taptalum pentoxide), and titanium
oxide is preferably used. The film thickness of the high refractive-index layer is preferably in a range of
10 to 120 nmamare pretetabilyaga rangeiafyltto 1001inuandeven more préferably in a range of 10
to 80 nm. When the film thickness is less than 10 nm, visible light tends to be easily reflected. On the
other hand"whenihé thickness is frfoteitfian 4120 A aldétrBlse ffransmiffdhceand the generation
of cracks are liable to.oc Fig. 5 shows one ex le of t ination_str re of the reflective
layer 3. La%:r%%ﬁrtﬁ%lrgflect?veofaylg? “dre called'a ﬁr%%%%&o%gﬁr?ﬁir ,%]?duﬁ,gand a fifth layer
from the emission:suidage sitle-and wilk be described belaweTherfisstlayern, the thied dayer, and the fifth
layer are each a high refractive-index layer containing, for example, GAZO as a primary component,
and the filny fickiess B felfidt la8a¥$s forifed-Approximately etftial t’that oF the fifth layer. The
difference in J”msﬁ‘i%k”ﬁ?r? getwegntthe Jisrstclgygliggd th%}fligrq nger |ts refLerag%]éOOi/oSor less with
respect to t%eaﬁ]m thickness of ohe 6f the two layers, more preferaebly /SlorYess, and even more
preferably 3% ar lessgtn addition, the second:layer and the feuethdayer-are-eachya saetal layer formed,
for example, of AgNdCu as a primary component, and the film thicknesses thereof are formed
approximatelyrequaktbcsach otHerFhe differenceln filia thitknessbetviieedtid seédnd layer and the
fourth layer is preferably 10% or less with respect to the fil ickness of one of th o layers, more
preferably 5 oe%r = g/ﬁa aei/e‘ﬁanﬁ%?e preferably 395 oF Ié}sg]. Pl 'Fﬁesllfrﬁi?ha |%%nstef3u§(/:¢ljre of the
reflective layer 3.isotdimited-thereto,and-for exampie sa plurality. of sepasatedlayers.may form one
high refractive-index layer. Figs. 6A to 6F each show one example of the lamination structure of the
reflective layer 8 ihiwhich=opluralityicf sépatrated layerssformsorechighaefractiee imdex layer. In the
example shown in Fig. 67, the third and the fifth_high refractive-index layers are each formed of two

layers respecfidely tontailing ZAE and' Rib2057ds & Pritfary compoRént i tHe &%&mple shown in Fig.
613, the third high: refractivesindex layer is formed of threeJayers respectively containing GAZO,
Nb205, and GAZO as a primary component, and the fifth high refractive-index layer is formed of two
layers respeuctivelyrcentainingeGAZGandiNB2G5 asanprimssy component clhathetexample shown in
Fig. 60, the third high refractive-index layer is formed of two layers respectively containing ZnO and

NIF205 as A§5HiH&RFcdmpdRERE S the Hifth highTrefractive #7dé¥ laydi s formed of three layers
respectively cantaining, Zn0, Nb205, Zp0.as g rimapy.cempenent. .  In the example shown in Fig.
6D, the first, the third, and the fifth high refractive-index layers are each formed of two layers
respectivelylicontaining @ AZQ; and INb205 as aiprimary compenent.dn the exafipiestown in Fig. 6E,
the first and the fifth high refractive-index layers are each formed of two layers respectively containing
GAZO and NB708 i plinfary cornpsitentz dRd THé ttird Rihretaitive-index layer is formed of three
ayers respeciively Sopping At Hh 09 and ol ag apnmancsampensot |y the example
shown in Fig. 6F, the fi st%lgh refractive-index layer is formed of two layers respectively containing
GAZO and Nh205-as a-primary.component, and the thirdiandathe fifth highi refeactive-index layers are
each formed of three layers respectively containing GAZO, Nb205, and GAZO as a primary
component.  IAadHitPriwe fmingtdd film i noEfimited té athis fifR $éfeédBf an inorganic
material and may be, formed.by laminating thip films.formed.of a polymer material or layers containing
a polymernr}ﬁ%}[fe?laq a%ﬁaﬁ]nsem f)zsiyﬁlji:?éls aéﬁé?sre%lﬁséréi%. n géjglﬁ%gn? nr%ef’deorrtoelir:)erg\s/ént degradation of
an underlayeymetal by-oxidation in the fosmafion-of these optically-transpareny layers-a buffer layer of
Ti or the like having a small thickness, such as approximately several nanometers, may be provided at
an interface fthe opticallyetramsparent layers. 1A thilsaempbaiméente the bafféslayer is a layer which
oxidizes itself in the formation of the upper layer so as to suppress the oxidation of the metal layer or
the like functioning as an underlayer.
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(Suppression of Change in Color Tone) In this embodiment of the present invention, an index
value which indicates the color tone, such as blueness or redness, is set, and the change in color tone
is suppressed by forming a laminated film so as to satisfy this index value. In this example, a blueness
index and a redness index are each set as the index value for the color tone. The blueness index
is an index value to judge whether transmitted light has blueness or not. A blueness index value is
calculated in such a way that after a product of a light source spectrum in a wavelength range of 620
to 750 nm, reflectance, and luminosity factor is integrated, and the value obtained thereby is divided by
a value obtained by integrating a product of the light source spectrum and the luminosity factor.

The blueness index valye is preferably less thap 0,152 and.gorg prefergbly ess than 0.111. The
reason for this is that when the blueness index value is in ‘a range of 0 to less than 0.111, the blueness
is hardly distuirbing;iasndiwben jt isria arangeicf Ghdiidedess than-@4562:althoughidepending on the
outside brightness, the blueness is almost not disturbing. On the other hand, when the blueness index
value is in AFafgs B0, 15216 fessthah 0. 2 trarshittedtlightis tablé td'Have @ slight blueness in a

specffic angle direction. and whnlLie §:2 armare. ansmitied gt |5, ahle tehave,q deep blueness
in a specific angle direction. & rédness index is an Index value to Judge whether transmitted light

has redness-QRetr AsjRdhe £asewf the pluenessindexvatue, theredness ndex value is calculated
in such a way that after a product of a light source spectrum in a wavelength range of 620 to 750 nm,
reflectances Bhddaaiitodiofactoris Mtegtateldt aRe Hhe v aliie ebainéd thereb§ s eiidéd by a value

obtained bg integraéin a Productfof theclligh _ourcgoﬁ%cé%ui@ rgflnj(vjstheelu Oirgoseit Ealctor. The
redness indéx Vaft elsapreﬁérgﬁﬁ/ 1858 Thart .;ﬁé and more preferab?y fesgthan 0.175.°The reason for
this is that wheptheredpess index value s im avange ofdstoless ghan D145, thededness is hardly
disturbing, and when it is in a range of 0.175 to less than 0.258, although depending on the outside

brightness,Tthe rednéssis aknodtawst distueBinghOncthelcthér hand, Wheasthe redness index value is in

a range of 0.258 to less than 0.3, transmittﬁ]d I(ig‘gh is Li%ble to have a sli%ht redness in a specific angle
direction, aMAWHER RIS 0°8 of o2’ transmified tight i&iabié 15 Have & deep fédness in a specific

angle direction. (Rupction of. Qptical frilm)  + EIgs. ZAand. 73 are crasssegtienalviews each
illustrating one example of the function of an optical film. Here, the case in which the structure has a
prism shaperdfssion surface S2 both have the smoothness as described
above. In particular, an arithmetic average roughness Ra of
each of the incident surface 51 and the emission surface 32
is preferably 0.08 pm or less, more preferably 0.06 um or
less, and even more preferably 0.04 um or less. In addition,
the arithmetic average roughness Ra described above 1is
calculated as a roughness parameter by measuring the surface
roughness of the incident surface and obtaining a rocughness
curve from a two-dimensicnal profile curve. In addition,
the measurement conditions are set in accordance with JIS
B0O601: 2001. A measurement apparatus and measurement
conditicns are shown below.

Measurement apparatus: full automatic microprofile-

measuring instrument Surfcorder ET4000A (manufactured by
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an inclined angle of 45 will be described by way of example. As shown in Fig. 7A, although some of
near-infrared light Li of sunlight incident on this optical film 1 is directionally reflected skyward in a
direction approximately equivalent to the incident direction, visible light L2 transmits the optical film 1.
In addition, as shown in Fig. 7B, the light incident on the optical film 1 and reflected on the reflective
layer surface of the reflective layer 3 is separated into a component LA reflected skyward and a
component LB not reflected skyward at a ratio in accordance with the incident angle. In addition, after
being specularly reflected at the interface between the second optical layer 5 and air, the component
LB not reflected skyward is finally reflected in a direction different from the incident direction. When
the incidengagg&{eaofﬂci?q%é}% ;Te Jresente by 8, the r_efractive in_dex of the first optical Iayer_4 is
represente %y n, and the reflectance of the reflective layer 3 is represented by R, the ratio of the
component LA reflecteghskyward talk thesineident compenenis is showadethel tollgwing formula (1).
xe(sin(45-61)+cos(45-61)/tan(45+81))/(sin(45-31)+cos(45- (1) In the above formula, 8'esin-1(sin6/n)
holds. If thé Fati6f the domponentiBH refleéted skyward Hireteases! the ¢afié of the incident light
reflected sk%/war .vr\{ill %ecre%%%. Ini%rdgrjéo '{ncr age the ratio of the skyward reflection, appropriate
designing 0 T slha%e &%ﬁe reﬁectlve %yer , that iét,maippropriate designing of the shape of the
structure 4c of thefisstiapticah layer 4 is-effeetive: Rorexamples in erder to ingrease the ratio of the
skyward reflection, the shape of the structure 4c preferably has the lenticular shape shown in Fig. 30
or the asyrmnefrivai’shape showrtineRiggsAR &l 43 eBy tite stucturés desérilsedabovétalthough light
may not be rheflegted in the c,ompleteftlé same gire%ggn as that of th chidegt light, the ratio of light
reflected upward 5 thaight indideRt abové abdifing wiidow matttial ZRdthe Tike%an be increased.
Since one reflectign,of the incidant lightby-thereflective |ayey 3ds.enqugh;as shownsip Figs. 8A and
83, the two shapes shown in Figs. 30 and 4A can increase a final reflection component as compared
to that by tleershape asshiowm irntback of Figs. otk and 13imowhichcreflection is performed twice (or 3
times or more). For example, when two-time reflection is used, if the reflectance of the reflective layer

3 is assum&d 8094 at a'deftdifl WaViEngth, thé BRywafrt reflettarntée [Etheorétically'64%, and when the
reflection isiﬂ%@cggﬂ%d (S’HC%h@ei%'S’i\’éﬁ%@tfeé@ﬂ%&C@ i§18,00/ﬁassing Through the

optical layer 2 and the reflective layer 3, and radiating
from the emission surface 52, and the chromaticity
coordinates x and y of the reflected light preferably
satisfy, for example, 0.20<x<0.35 and 0.20<y<0.40, more
preferably 0.25<x<0D.32 and 0.25<y<0.37, and even more
preferably 0.30<x<0.32 and 0.30<y<0.35 in the case of
illumination of the D65 light source. Furthermcre, in order
not to make the color tone look reddish, y>x~0.02 is
preferably satisfied, and y>»x 1s more preferably satisfied.
Tn addition, if the reflection color tone varies with the
incident angle, for example, when the optical film 1 is
applied to a building window, it is not preferable since the
color tone looks differently from place to place or appears

to change when viewed during walking., In order Lo suppress

- 41 -



Figs. 9A and 913 show the relationship of a ridgel ne 13 of the columnar structure 4c with the incident
light L and the reflected light L. It is preferable that of the incident light L incident on the incident
surface Si at an incident angle (0, 0), the optical film 1 selectively directionally reflects the light Li in a
specific wavelength band in a direction (0o, -0) (00<00<900) while transmitting the light 12 other than
that in the specific wavelength band. The reason for this is that when the relationship as described
above is satisfied, the light in the specific wavelength hand can be reflected skyward. In this case, 0
indicates an angle formed between the normal 11 to the incident surface Si and the incident light L or
the reflected light L. In addition, O indicates an angle formed between the straight line 12 which

perpendicularly intersects the.ridgeline, 13 of the columparstiucture 4cHa the ingident surface Siand a
component of the incident light L or the reflected light Li which is projected on the incident surface Si.

In addition,vari aagtef 0 rbtated tiackwise around the nopmak 1T is represendtetkliy "¢1-0'% and an angle
0 rotated anticlockwise is represented by "-0". An angle O rotated clockwise around the straight line 12

is representédby "4+05185d anBhdiE 0 rRtEEFATiAGERFISE iS tefresenfed By *01f fManufacturing
Apparatus of Optical Eiml] Fig.-10 j5.a schematic viey showing.one stfuciyral example.of a

manufacturing apparatus for manufacturing an optical film according to the first embodiment of the
present invention 1 As shove irekige d Op thishappfacturingtilm 1 and the absclute
value of the difference in the chromaticity coordinate y of
the light are sach preferably 0.05 or less, more preferably
0.03 or less, and even more preferably 0.01 or less at each
primary surface of the optical film 1. The above numerical
limitations of the chromaticity coordinates = and y of the
reflected light are preferably satisfied for both the
incident surface S1 and the emission surface 352.

Hereinafter, the first optical layer 4, the second
optical layer 5, and the reflective layer 32, which form the
optical film 1, will be sequentially described.

(First Optical Lavyer, Second Optical Laver)

The first optical layer 4 is a layer, for example, to
suppert and protect the reflective layver 3. Since imparting
flexibility to the optical film I, the first optical layer 4
is formed of, for example, a laver containing a resin as a
primary component. For example, one cf the two primary
surfaces of the first optical layer 4 is a smooth surface,
and the other surface 1s a concavo-convex surface (a first

surface). The reflective layer 3 is formed on this concavo-

convex surface,
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apparatus includes laminate rolls 41 and 42, a guide roll 43, a coating device 45, and an irradiation
device 46. The laminate rolls 41 and 42 are formed to be able to nip an optical layer 9 provided
with a reflective layer and the second base member 5a. The optical layer 9 provided with a reflective
layer is formed by forming the reflective layer 3 on one primary surface of the first optical layer 4. In
addition, as the optical layer 9 provided with a reflective layer, the first base member 4a may be
formed on a primary surface of the first optical layer 4 other than the surface on which the reflective
layer 3 is formed. In this example, the case is shown in which the reflective layer 3 is formed on one
primary surface of the first optical layer 4, and the first base member 4a is formed on the other primary
surface thereof. The guide roll 43 is arrang g trapspor. of thi cturing apparatus so as
to transport the k;%}t?sﬁgggél (gpé%atllfﬁr%?lfl\%l %rigﬁs ?gr t eflgg%%atfteg;oilis%fatl%agr?d tﬁ%é;nd the guide roll
43 are not patticadady-imitegk and ippceardancenwitbrdesiredsoll properies forrexaraple, a metal,
such as stainless steel, a rubber, or a silicone may be appropriately used. For example, a device
having a ceatifitetini sdctras éodter, maybe G56d a3ttheé Toating devicE452As e coater, in
consideratigg féggi%hé/si%al é)l[oger{isesfar&%ghde. IikeHC%f a rggiy CCOOmQQSi“%@ to be applied,_ fo_r exam_ple,
a gravure coater, awiré barycoater, or a die codter may be approprlrﬁgﬁ/ useo}ll.el'he irradiation device
46 is an irradiation device which, radigtesJonizing fays, sueh asselegtiopgaysultrayiglet rays, visible
rays, or gamma rays. In this example, the case in which a UV lamp which radiates ultraviolet rays is
used as thé irradiationdbvide 469% shipwdy. [Méetlfod foravianafaciinng @pticakRilm] 25 Hereinafter,
with reference to Figs. 10 to 130, one example o{a method f rr anquacturinngan optical film according
to the first é’r%b%%lrrﬁgeﬁ%?)ﬁ?eeﬁﬁze'sen]’fci}r{veen ionwill’be d8scribed: in addition, in consideration of the
productivity, a-mamtactripgorocess shewnibelowis preferably performad, partiatly.ar entirely by a
roll-to-roll method as shown in Fig. 10. However, the step of forming a mold is performed
independenthd thdirsthas showfeineFigs12Acarmel-2t haying therszme cOncavowohvex shape as
that of the structure 4c or a mold (replica) having a reversed shape thereof is formed, for example, by

cutting toolBrbtasEihg oriaSer proteLsing Next, 55hdn iR Fig! T1B;the cShcavsidonvex shape of

the layer 4 and the concavo-convex surface of the second optical
layer 5 have the relationship in which the concavo-convex
shapes are reversed to each other.

The concavo-convex surface of the first optical layer 4
is formed, for example, of at least two structures 4c which
are one—dimensionally arranged. The concavo-convex surface
of the second optical layer 5 is formed, for example, of at
least two structures 5c¢ which are cne-~dimensicnally arranged
(see Pigs. 3A to 4B}. Since the structure 4c of the first
optical layer 4 and the structure 3¢ of the second optical
layer 5 are only different from each cther such that the
concavo-convex shapes therecf are reversed, hereinafter, the
structure 4c of the first optical layer 4 will be described.

In the optical film 1, the pitch P of the structures 4c

is preferably in & range of 5 um to 5 mm, more preferably in



above mold 21 is transferred to a film-shaped resin material, for example, using a melt extrusion
method or a transfer method. As the transfer method, for example, there may be mentioned a method
in which an energy ray curable resin is poured in a mold and is then cured by irradiation of energy
rays, a method in which a shape is transferred to a resin by applying heat and/or pressure thereto, and
a method in which a resin film is supplied from a roll, and a mold shape is transferred thereto by
applying heat (lamination transfer method). Accordingly, as shown in Fig. 110, the first optical layer 4
is formed so that one primary surface thereof has the structures 4c. In addition, as shown in Fig.
110, the first optical layer 4 may be formed on the first base member 4a. In this case, for example, a

method is lés%%g%\ghg@ gft Fﬂtl’]&filgggga@b%%;lirs}&g%gnmegl]l%ereé}faéhs %%r%%jied from a roll, and an
energy ray curable resin is applied on this base member, the resin is pressed on the mold so that the
shape therpetisdtansferred and-isneured hyricrackatio ofienergyrayst -addition, the resin preferably
further contains a cross-linking agent. The reason for this is that heat resistance can be imparted to
the resin withBut EGhRSitEFaly thangingtthe StBraye nibtulus af fooht témpetatufe. ToText, as shown
in Fig. 12A, the reflective. layer 3 is formed an one primary_surface of the first optical layer 4. As a
method foréfoPrﬁlsnlgrtefwge rsel‘r*la@é | %l!l]a@yre?' - for él)garﬁrpﬁea,@a;g é&&t?élringlgnejtﬁo ,Ic'aS C@ieposition method, a
chemical vgperdepositian €V method; & dip-coatingsmeihed, «a gieceating-method, a wet coating
method, and a spray coating method may be mentioned, and among those film-forming methods, a
preferable aiethéd is apprdpriatelyrselectediifactardance withthé shabe of the structure 4c or the
like. Next, as shown in Fig. 123, i#nec%%sar . an annealing treatment 31.is performed on the reflective
layer 3. Théjigﬁlwsb%}rgtﬂjrg of the a %régling freatmentisin'a rar¥geﬁ For §>%ar%plej:%ﬁ%% to 250C.

Next, as shown in Figyd2C anuneuredresin.22 is applied gutheysilective-layer 3: Asthe resin 22, for
example, an energy ray curable resin or a thermosetting resin may be used. As the energy ray curable
resin, an ultravictet-curable resinis preferablenNext, @s—shovrr it Figt 43 @laminatesis formed by
placing the second base member 5a on the resin 22. Next, as shown in Fig. 138, while the resin 22 is

cured, for eXaTHe: withSriatiatigrSrérergy TaYE 3%%r et dppiicifiod 327 a prjégsure 33 is applied to
the laminate As;the,energy rays.for exampleglecron says.ditraviolet rays,visible, rays, gamma rays,
or electron rays may be used, and in view of production facilities, ultraviolet rays are preferable. An
accumulatechirradiation aanceimntas prefetally setected ir cénsideratiore 0f clivingproperties of the
resin, suppression of yellowing of the resin and the base members, and the like. The pressure applied

to the laminteSs préfetablyhin Hrange of ¢ 0126 MPH: WHER ThE Préssirs is fess than 0.01 MPa,
travelling performance of & fijm may,cause a prablem..Qu the other hand, when the pressure is more

than 1 MPa, a metal roll is necessarily used as a nip roll, and pressure irregularity' may be liable to be
generated. Accordingly, as showrin Eig. 13C;dhesecond dptical tayes SsisHermed!on the reflective
layer 3, so that the optical film 1 is obtained. By using the manufacturing apparatus shown in Fig. 10, a

method for ¥6imry the*optical fifm A WilHe! paritilari dBséribed First s étoniti-bdse member 5a is
fed from a base member sppply roll,(not shown), and this second base member Sathus fed is allowed

to pass under the coating device 45. Next, an ionizing ray curable resin 44 is applied by the coating
device 45 arvthe-secand base membper bagassing theretpder iNext stheusecand base member 5a on
which the ionizing ray curable resin 44 is applied is transported to the laminate rolls. On the other
hand, the opfie&Ffayer 9 provitled With AcrefleBfive [@/eris 6@ froRT &f Bpticariayeér supply roll (not
ShOWﬁOtOM@g%%{@BS@?%E%%é%WSé%gﬂg¢%%tch manufacturing process may not

be necessary. In order to apply the optical f£ilm 1

according to an embodiment of the present inventicn to

building materiazls, such as a window, the optical film 1 1s

necessary to have a length of approximately several meters,

and hence, a roll-to-roll manufacturing process is suitably
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Next, the second base member 5a and the optical layer 9 provided with a reflective layer, which are
transported, are held between the laminate rolls 41 and 42 so that air bubbles are not trapped between
the second base member 5a and the optical layer 9 provided with a reflective layer, and the optical
layer 9 provided with a reflective layer is laminated on the second base member 5a. Next, while the
second base member 5a on which the optical layer 9 provided with a reflective layer is laminated is
transported along a peripheral surface of the laminate roll 41, the ionizing ray curable resin 44 is cured
by irradiation of ionizing rays from a second base member 5a side using the irradiation device 46.
Accordingly, the second base member 5a and the optical layer 9 provided with a reflective layer are
adhered to e&gg (%trger W}}tht@egonigin ray cure ble ‘[jesdr_l §4tigg%rgose% tréersesbetween, so that the
targeted lohg opticar film 1 7S Tormed. Néxt_the belt-shaped optica fifth 1 this formed is wound by a
winding rolk-(net shemsy « Asaneasult, anoriginal fabre formed byamingding-thenbelt-shaped optical film 1
is obtained. When the process temperature for forming the above second optical layer is set to tC,
the cured fitst optieal fayet 4-pisféftably: has e storage modues of 3x107 Pa or more at (t-20)C. In this
case, the process.temperature t indicates, for ex%mt%e, a _gati@%tem&)e@ture of the laminate roll 41.
Since the first optlcnaléfayelr 74 C|an’provi€€ile(?i,‘f‘cﬁjr(g‘ex%lmp &> on the first base member 4a and is transported
along the laminate rolk 41 with the first basespember 4asintarposed therebetweenqit is,experientially
understood that the temperature actually applied to the first optical layer 4 is approximately (t-20)C.
Therefore, wientthesstorage oduds at2OE dfcthedirsbepticaliayeria is-set t9.8X107=Pa or more,
the concavo-convex s,hr;?e of the interface inside the optical layer can be suggressed from

deformatiof tali8&d by Widatiy with ‘or Vitifout br&Ssiie apgiicatioh® ™ “additish, fhe first optical
layer 4 preferably has gstorage modulus.qf,3x109.Pa or Jess at-25C. Accardingly,flexiility can be

imparted to the optical film at room temperature. Therefore, the optical film | can be formed by a
manufacturing peacesse stichrasca foll-td:rolkprotess., 2 Ipreoisiderationdfthe teat resistances of
resins used for the optical layer and the base members, the process temperature t Ls preferably 200C

or less. HoWaVBF Wivdn BYesihaving High heat' fesistante i< tddd, theprodess temperature t may be
set to 200C, g more, [Setling of Thickness of Reflective Layer], . As desgribed aboe, the blueness

index value and the redness index value indicating the color tones of blueness and rednéss,
~ respectivelyrchangeriiageordance avith thiedfilmtthicknesses of the irdividual leyess of the laminated
types of shapes may be randomly formed {aperiodically).

Figs. 3A to 3C are perspective views each showing a
shape example of the structure formed in the first optical
layer. The structures 4c are each a columnar concave
portion extended in one directicon and are cne-dimensionally
arranged in one direction. Since being formed on the
structures 4c¢, the reflective layer 3 has the same shape as
the surface shape of the structures 4c,

As the shape of the structure 4c, for example, there
may be mentioned a prism shape shown in Fig. 3A, a shape
having a round ridgeline portion of a prism shown in Fig. 3B,
a reversed shape of a lenticular shape in Fig. 3C, or a

reversed shape therecf. In this case, the lenticular shape
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film of the reflective layer 3. Hence, in this embodiment of the present invention, by using the blueness
index value and the redness index value as parameters, the film thickness of the laminated film is set
S0 as to satisfy the conditions of the parameters. In addition, in this example, besides the blueness
index and the redness index, the film thickness of the laminated film is set by using the visible light
transmittance and the shielding factor as the parameters. The visible light transmittance is a parameter
indicating the transmittance of light and is preferably 70% or more. The shielding factor is a parameter
indicating the efficiency of shielding heat and is preferably 0.6 or less. As in the case of the blueness
index and the redness index, the visible light transmittance and the shielding factor also change in
aCCOfdam%%th@?efg'"ht@%%%%ssi%fﬁbﬁi'éﬁ"%}g%ﬁ%SWSJQFJHH‘ thicknesses,of fhe individual
layers of the laminated film which satisfy the condition of each parameter can be calculated, for
example, bycsimutation: The:filkt thicknessesswhieh-satisfy the eopdition«f eachsparameter can be set,
for example, when the distribution of each parameter with respect to the film thickness is obtained by
the simulaiGiiAfhens the sihbfitforfisTatfies dut 2a ratio- akdnd-a Lratio™ WHIEKE afé deéfermined in
accordancg |tOhStCh_eefilTitklgglénaelssg%cof S}Qg FI)I%?IVQE&Q&@%%!% o_(l_f) Qec Iaﬁgwng%e% ylrgrgf the reflective layer
3 are used. The'ratio @ indicates the ratio of the optical film thickness of the entire metal layers to that
of the entirg high tefractivesindexdayets, Theratioqindicatesfhe ratia of thesaptiealfiim thickness of
the third high refractive-index layer to that of the first high refractive-index layer. Incidentally, the
optical filmahizkness fidicatesch filin HhiekAess- obtaliied ByaR6ltiplyiry #6 réfractivedifdex and the
geometric fil O‘tﬁhiclgmrglesEsz.L heg tk%eo Lchl?gcallrfilm@thi{q&ijnesases ogt e fi{% A tneqfifth high
refractive-index Payers aré eat ‘represented %ya%l, the pﬂnca\t/l fﬁm thickness of the third high
refractive-index layer ds representedsy X2 angdtheoptical fila thickaesses-of-theisecond and the
fourth metal layers are each represented by Y, a total film thickness L in terms of the optical film
thickness, thecratioea, arwd theddatio B are chlctlated By theofbllowing formilas €2)o 4.
=X1+Y+X2+1+ = +

L=x1+y Xgréfglébgy %2262§%s§?)ﬁégg preferably 5% or less, and even

more preferably 3% or less. The shape of the structure 4c

is not limited to the shapes shown in Figs. 3A to 3C and the

reversed shapss thereof, and a toroidal shape, a hyperbolic

columnar shape, an elliptical columnar shape, a poelygonal

columnar shape, and a free-form shape may also be used. In

addition, the vertex of the prism shape or the lenticular

shape may be formed to have a polygonal shape (such as &

pentagonal shape). When the structure 4c is formed to have

a prism shape, an inclined angle 0 of the prism-shaped

structure 4c is 4%° or the like. When applied to the window

material 10, the structure 4c preferably has a flat surface

or a curved surface having an inclined angle of 45° or more

in order to return light coming from the sky in a skyward

direction as much as possible by reflection. The reason the

shape as described above is formed is that since the
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[3=x2/x1 ... (4) When the total film thickness L, the ratio a, and the ratio p are obtained based on
formulas (2) to (4), the film thicknesses of the individual layers of the laminated film of the reflective
layer 3 which satisfy the condition of each parameter can be set. In this embodiment of the present
invention, as shown in Fig. 14, the direction perpendicular to an inclined surface of the structure 4c
formed in the first optical layer 4 is defined as a thickness direction of the laminated film of the
reflective layer 3. When the angle of the inclined surface of the structure 4c to the primary surface of
the first optical layer 4 is represented by 0, between a film thickness A in a direction perpendicular to
the primary surface of the first optical layer 4 and a film thickness B in a direction perpendicular to the
inclined surface of the structure 4c, the relatignship of "A=B/ " holds. For e, when the angle
9 of the inclined %%r%czlo%gt}ﬁe ls%ru%%ﬂﬂr%g}c %%g g%z%l% w%%?}ceisbqp g%eng 3%%1%% 819{3\;1 process flow
to determingsthe film thicknesseswhichsatisfythe cerdition Df each parameter wikbe described with
reference to a flowchart shown in Fig. 15. First, in order to perform the simulation in the case in which
the film thidkih@sses of the individbal feyeks Bf theransinaictl il oF the feffsetive layer®3 are changed,
the conditions sho nén Steps 51 to S are set. In,Step |, the total film thickness [ of the laminated

film is set. M %Ve%r 2, the inclined a%riie of the shape of t tLeofélrﬁ"lrﬁateolefiIrﬁE IS set. fﬁr%tep S3, the

g
thickness distributian of the. lindividual dayersof the laminated film is set. In step S4, the refractive
indexes of the first optical layer (shaped layer) and the second optical layer (embeddinglayer) are set.
In Step 55, the ratio @dAd theraticp aredriputted 19 -IniStept56, thersimulatiortis pérformed based

on the conditions set in Ste st5l to %E, andwth*“ebva?l:lue og eac@ Opatrgmerggg: I%t Ehe%Lsetccr)atio a and ratio p
is calculated® i steh 87YTRE Visttie Tight trafismittance af the Set Tatio & and Tafio p'is calculated. In

Step S8, theshieldingsfactor-at.the setyatig.a and ratiq pds salcylated. in step.59.the blueness index
at the set ratio a and ratio p is calculated. In Step S10, the redness index at the set ratio a and ratio p

is calculatedpt ichiStep 8l lhy changingsthearatio &and the ratie 8] the-filmfthidkmesses of the

individual layers are changed, and the simulation of Steps S6 to S10 are repeatedly
structure 4¢ is inclined in an arrangement direction a of

the structure 4c wiith respect to the normal 1i. Here, the
primary axis 1, of the structure 4c indicates a straight
line passing through a central polnt of the base of a cross-
section of the structure 4c and the vertex therecf. When
the optical film 1 is adhered to the window material 10
arranged approximately perpendicular to the ground, as showh
in Fig. 4B, the primary axis 1, of the structure 4c is
preferably inclined to a lower side {(ground side) of the
window material 10 with respect to the normal 1;. The
reason for this is that in general, since a larger amount of
heat enters through a window about in early afternoon, and
the height of the sun is larger than an angle of 45° in many
cases, by using the shape described above, light incident at
these high angles as described above can be efficiently

reflected upward., An asymmetrical prism shape of the
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performed, so that the value of each parameter is calculated. In Step 312, the values of each
parameter calculated in Steps 57 to S10 are mapped on an a-P plane, and as shown in Figs. 16A to
16D, the a-P correlation diagram showing the distribution of each parameter to the ratio a and the ratio
p is formed. Fig. 16A shows the distribution of the visible light transmittance to the ratio a and the ratio
p. Fig. 163 shows the distribution of the shielding factor to the ratio a and the ratio p. Fig. 160 shows
the distribution of the blueness index to the ratio a and the ratio p. Fig. 16D shows the distribution of
the redness index to the ratio a and the ratio p. Next, in Step S13, a region which satisfies the
condition of each parameter is extracted based on the a-P correlation diagram for each parameter

shown in each of Figs. 16A ta 160, In Fig..160, a regig n.by hatching indica region in which
the conditig’ﬁg’ SF&teusﬁie]?cﬁng 3fa%tkzltoﬁess ﬁggtc gaﬁsdfiitg.l ?qn Ql)g§ g6\i\é),lai rgggioﬁm&gé{wfvg}%ygﬁi ching indicates a
region in which-thergandition of the blueness index is pot satisfiesh Jn Hig: k60 acragien shown by
hatching indicates a region in which the condition of the redness index is not satisfied. When the
a-P correlafionidiggrams thtis fornidd slownan FigsrI6A té18Daréletiappedatith @ach other, a

region in which the conditions of all th%fga‘[ameters acrfg qitlisfied is extracted. Fig. 16E shows the state
. T6A

in which thé 2B Corfelation Sd’rlléaéor%rﬁﬁsls OW%SIR%CISS o 160 are ovelrlappeod with each other. In

Fig. 16E, asggion athes than the regionsishowm by hatching is extrasted: This:regian is a region which
satisfies all the conditions of the parameters. That is, the region which satisfies the condition of each
parameter isL4 regiopcsitrotrided by otrdary lines between a region in which the condition of each

arameter is satisfied and a region in which the condition of each parameter is not satisfied.
P The first oSptica r]layer 4 preé%ra&?yllgc&gges a res%n

as a primary component in which a decresase in storage
modulus at 100°C is small and in which the storage modulus
at 25°C is not considerably different from that at 100°C. In
particular, a resin having a storage modulus of 3x10° Pa or
less at 25°C and & storage modulus of 3%10’ Pa or more at
100°C is preferably contained. In addition, although being
preferably formed of one type resin, the first optical layer
4 may include at least two types of resins. In addition, 1if
necessary, at least one additive may be contained.

When a resin is used as a primary component in which a
decrease in storage modulus at 100°C is small and the
storage modulus at 25°C and that at 100°C are not so much
different from each other, even when a process including
heating with or without pressure application i1s performed
after the formation of the concavo-convex surface {(the first
surface) of the first optical laver 4, a designed interface
shape can be mostly maintéined. On the cther hand, when a

resin is used as a primary component in which a decrease in
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The boundary line is mathematized in Step 514. For example, predetermined values on the boundary
line are extracted, and an approximated curve of the boundary line between the region in which the
condition of each parameter is satisfied and the region in which the condition of each parameter is not
satisfied is obtained based on these values, and the boundary line is mathematized. Accordingly, the
region in which the condition of each parameter is satisfied can be determined. The region in which
the condition of each parameter is satisfied with respect to the ratio a and the ratio p will be particularly
described. First, the case in which the visible light transmittance, the blueness index, and the redness
index are used as the parameters will be described for respective total film thicknesses L of the
reflective layer3:db -8R am)us Fig1tt=ghows ana;P cotrelatien giagragkbaseg oathgconditions of
the visible light transmittance, the blueness index, and the redness index at a total film thickness L of
80 nm. In Fig’d & rrpihe *S'aand @0p6int TA" @hgh ifdicate:a prédétbrmidd psivit onithé boundary line

between ar ié)rn inc_iwgiets:gi'[heec(gnﬂiqti}cgr]r f_ithg %I eness indceg)( igis éigggq an%e%é%gﬂigdq in which the
condition of the Bluéness Trdexis not satisfied “A Point "I indicates a pré(de ermined point on the

boundary linebetwean.axegion inprhigh the condition of the redness index isysafisfied and a region in
which the condition of the redness index is not satisfied. In Fig. 17, since predetermined points (a, 3)
on the boundamgline hetwc.c.n a reoion in which the condition of the visible light transmittancesatisfied
and a region in which the condition of t@%}‘%’i jble &?ht transmittance, is not satisfied are outside the

regionshown by ﬁﬁtcﬁhegﬁﬁéj %%T’nswtslgre oW i the ik ?és.llcri‘lefig%. £8%6 30 Which will be

described below, fhe aboyvepaints-alse hayethesame meanings asthoge deseribed above. Based
on the points on the boundary lines of the individual parameters plotted in the a-13 correlation

diagram, thecapprakimatedheurves iofdhe boumdarychnescofithetindividued pacametdrs shoivn by the
following formulas (5) to (7) are obtained. a=-0.0004p2+0.0053P+0.0065 ... (5)
a:4x104f§¥0ﬁ@6?9¥&06%€¥¥76ay be mentioned a process in which when

a thin film is formed or a resin composition is cured, the
temperature of a film forming surface 1s locally increased
and is indirectly applied to the thin film or the resin
composition and a process 1n which the temperature of a mold
ig increased by energy ray radiation and is indirectly
applied to an optical film. In addition, the effect
obtained by limiting the numerical wvalue range cof the
storage modulus described above is not particularly limited
to a specific type of resin and can be obtalned from any
type 0of a thermoplastic resin, a thermosetting resin, and an
energy ray curable resin.

The storage modulus of the first optical layer 4 can be
confirmed, for example, as described below. When the
surface of the first optical layer 4 is exposed, the storage
modulus of its exposed surface can be confirmed by

measurement using a microhardness tester. In addition, when

- 49 -



a=-1x10-5p2+0.0005P+0.0119 ... (7) In this case, a region shown by hatching which is surrounded
by the approximated curves shown by formulas (5) to (7) and a straight line shown by the following
formula (8) is a region in which the conditions of the individual parameters are satisfied. The formula
(8) is set in order to prevent the thickness of the metal layer from being decreased to 5 nm or less.
The reason for this is that when the film thickness of the metals layer is 5 nm or less, the properties of
a material used for the metal layer are changed and may be deviated from the simulation value with a
high probability. a=0.012114 ... (8) (L=90 rim) Fig. 18 shows an a-P correlation diagram based on
the conditions of the visible light transmittance, the blueness index, and the redness index at a total
film thicknec%seL f 90 nrgélsneaddition in Fig. 18 inc§,&rgdggerpggﬁggointsﬁgp) on the boundary line

. 4 . i . e . .
between a regiw ich the condﬂll%rﬂboeﬁhe Visible Tioht transmittance is satisfied and a region inthe

condition of the: yisible transmittange ispet satisfiedg-eutsidestheregion showst base
member 4a or the like is peeled off to expose the surface of
the first coptical laver 4, the storage modulus of the
exposed surface can be confirmed by measurement using a
micrchardness tester.

As a method for suppressing a decrease 1in modulus at a
high temperature, in the case of a thermoplastic resin, for
example, a method for adjusting the length of a side chain
or the type thereof may be mentiocned, and in the case of a
thermosetting resin and an energy ray curable resin, for
example, a method for adjusting the number of cross-linking
points and the molecular structure cf a cross-linking agent
may be mentioned. However, it is preferable that necessary
performance of a resin material itself is not degraded by
the structural change as describe. For example, depending
onn the type of cross—-linking agent, a resin may become
fragile since the modulus therecof at approximately room
temperature 1s increased, and a film may be warped or curled
gince the shrinkage thereof is increased; hence, the type of
cross—linking agent is appropriately selected in accordance
with desired properties.

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

preferably used as a primary component in which the glass



by hatching, the points are not shown in the figure. Based on the points on the boundary lines of the
individual parameters plotted in the a-P correlation diagram, the approximated curves of the boundary
lines of the individual parameters shown by the following formulas (9) to (11) are obtained.
a=-0.00042+0.0039P+0.0087 ... (9) a=-3x10-132+0.0010+0.0038 ... (10)
a=-2x10-5132+0.0006P+0.0112 ... (11) In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (9) to (11) and a straight line shown by the
following formula (12) is a region in which the conditions of the individual parameters are satisfied. The
formula (12) is set in order to prevent the thickness of the metal layer from being decreased to 5 nm or

less. a:0.010589..t..§:}32)I L:i;lego an_)hi rgl%lléig. égﬁslt;o%ea%%gézg{re@mg@g@@ q%sedd on the

g Erans 1
conditions ojf?h(as\]7|5| t transmittance, th ueness index, and the redness index at a total film

thickness I f 100 hmrlimadditioncinsFignd9asinee predetermined potdsmodudnthedoundary line
between a region the condition of the visible light transmittance is satisfied and - reai.on .Ln which the
condition of'tive isiblediphtempera)y itadehot satished are votsine the Pegivh shown

small. On the other hand, if a resin is used in which the
glass transition point ié in a range of a room temperature
of 25°C to the highest temperature in a manufacturing
process and a decrease in storage modulus at the highest
temperature in the manufacturing process i1s large, it
becomes difficult teo maintain a designed ideal interface
shape in the manufacturing process.

When the first optical layer 4 includes an amorphous
polymer material as a primary component, a resin is
preferably used as a primary component in which the melting
point is higher than the highest temperature in a
manufacturing process and a decrease in storage modulus at
the highest temperature in the manufacturing process is
small. On the other hand, 1f a resin is used in which the
melting point is in a range of a room temperature of 25°C to
the highest temperature in a manufacturing process and a
decrease in storage modulus at the highest temperature in
the manufacturing process is large, a designed ideal
interface shape may be difficult to be maintained in the
manufacturing process.

In this embodiment, the highest temperature in a

manufacturing process indicates the highest temperature of
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by hatching, the points are not shown in the figure. Based on the points on the boundary lines of the
individual parameters plotted in the a-P correlation diagram, the approximated curves of the boundary
lines of the individual parameters shown by the following formulas (13) to (15) are obtained.
a-0.0002132+0.0054+0.0057 ... (13) a=-0.0002P2+0.0045P-0.0067 ... (14)
a=94x101132+0.001P+0.0099 ... (15) In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (13) to (15) and a straight line shown by
the following formula (16) is a region in which the conditions of the individual parameters are satisfied.
The formula (16) is set in order to prevent the thickness of the metal layer from being decreased to 5

nm or less. a=0.009403 ... (16) (1.-120 nm) _ Fig. 20.shows an a-P correlation diagram based on the
conditions B?ﬁec\?irslﬁﬁg ﬁgréf ﬁ)éféémﬁ%la{:n%:aé?%he( E%?Jeengejérss?ﬁdgﬁrar? %ﬁe Pgrjdr%gls% ir%é‘? gt a total film

thickness Logfh120Q nm.dneaddition, inr=g20. sineeined:ppinSes£asn) on the boundary line between a
region in whimn the condition ofvisible light transmittancesatisfied

preferable when the second optical layer 5 also satisfies

the numerical value range of the storage modulus and the

Temperature range of the glass transition point described

above.

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

The first base member 4a and the second base member 5a
have, for example, transparency. Although the base member
preferably has a film shape in order to impart flexibility
to the optical film 1, the base member is not particularily
limited to this shape. As a material for the first base
member 4a and the second base member 5a, for example, =2
common polymer material may be used. As the common polymer
materiali, for example, there may be mentioned a triacetyl
cellulose (TAC), a polyester (TPEE}, a poly(ethylene
terephthalate} (PET), a polyimide (PI), a polyamide (PA), an
aramid, a polyethvlene (PE}, a polyacryvliate, a

polyethersulfone, a polysulfone, a polypropylene (PP), =&



and a regionwhich the condition of the visible light transmittance is not satisfied are outside the region
shown. by hatching, the points are not shown in the figure. Based on the points on the boundary lines
of the individual parameters plotted in the a-P correlation diagram, the approximated curves of the
boundary lines of the individual parameters shown by the following formulas (17) to (19) are obtained.
a=-0.0003P2+0. 0074P+0. 0033 ... (17) a=-0.0014P2+0.0191P-0.0422 ... (18)
a=-9x10132+0.0015P+0.0084 ... (19) In this case, a region shown by hatching which is surrounded
by the approximated curves shown by formulas (17) to (19) and a straight line shown by the following
formula (20) is a region in which the conditions of the individual parameters are satisfied. The formula

(20) is set in.order tq prevent the thickness of the metal layer, from being decreased to 5 nm or less.
a=0.0077081.§?§é =1Z Hrjh e Iiaig.p fi %ﬁg&v%g;lﬁ gll-’@ég%rcéfamona m%?é: ef';,‘%(:,\g’dl gln the conditions
of the visibleplight transrpittaneer the.blueness index, and-the regness index akadtetal ijm thickness L

of 140 nm. In addition, in Fig, 21, since predetermined points p) on the boundary linregionwhich

the a urethane resin, or a melamine resin; however, the polymer
material is not particularly limited to the akbove materials.
In view of the productivity, the thickness of the first base
member 4a and that of the second base member 5a are each
preferably in a range of 38 to 100 pm; however, the
thickness is not limited thereto. The first base member 4a
and the second base member 5a each preferably have energy
ray transparency. The reason for this is that as describe
below, an energy ray curable resin provided between the
reflective laver 3 and the first base member 4a or the
second base member 5a can be cured by irradiation of energy
rays from the first base member 4a or the second base member
5a side.

The first optical layver 4 and the second optical layer

5 have, for example, transparency. The first optical layer
4 and the second optical layer 5 can be obtained, for
example, by curing a resin composition. As the resin
composition, in view of the ease of manufacture, an energy
ray curable resin to be cured by light, electron rays, or
the like or a thermosetiling resin to be cured by heat is
preferably used. As the energy ray curable resin, a
photosensitive resin composition te be cured by light is

preferable, and an ultraviolet curable resin composition to
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condition of the visible light trans:mittence is satisfied and a region in which the condWrion of the
visible light transmittance is not satisfied are outside theci - shown by hatching, the points are not
shown in the figure. Based on the points on the boundary lines of the individual parameters plotted in
the a-P correlation diagram, the approximated curves of the boundary lines of the individual
parameters shown by the following formulas (21) to (23) are obtained. a=-0.0014132+0.0130-0.0027
... (21) P=10,132a2-241.39a+4.747 ... (22) a-0.00002+0.00213+0.0074 ... (23) In this case, a
region shown by hatching which is surrounded by the approximated curves shown by formulas (21) to
(23) and a straight line shown by the following formula (24) is a region in which the conditions of the

individual pasameters ¢ satisfied: Thedformuyla-(24) is.sstinardet topreventithe thigkness of the
metal layer from being decreased to 5 nm or less a=0.006523 ... (24) (L-160 nm) Fig. 22 shows an
a-P correlation diagran® based o thelcondittoms ofitheeisibié light transhittance; thedlueness index,
and the redness index at a total film thickness L of 160 nm. In addition, in Fig. 22, sinc%%redetermined

posh (a, ii) DAth& Botinddry Tifie betiéen & rédiofr it wiiciPTite EBditdn of HE Visiblelight
transmittance s satisfied,and a.reahan:in which the.condition, gt theisible light trapsmittance is not

satisfied are outside the region shown by hatcning, the points are not shown in the figure. Based on
the points arcthezbhoundarytineshofthe individual parameters plotieéd im the) ask cofrelation diagram, the
approximated curves of the boundary lines of the individual parameters shown by the following
fonnMas(Z%?h?(Z@F&%Pr a compdund containing butyrcolactone. As the

compound containing phosphoric acid, for example, a

(meth)acrylate containing phosphoric acid may be used, and a

(meth)acrylic moncomer containing phosphoric acid as a

Functional group or an oligomer thereof may be preferably

used. As the compound containing succinic acid, for example,

a (meth}acrylate containing succinic acid may be used, and a

{methjacrylic monomer containing succinic acid as a

functional group or an oligomer thereof may be preferably

used. As the compound containing butyrolactone, for example,

a {meth)acrylate contalning butyrolactcone may be used, and a

imeth)acrylic monomer containing butyrolactone as sz

functional group or an oligomer thereof may be preferably

used.

The ultraviclet curable resin composition contains, for

exampie, a {meth)acrylate and a photeopolymerization

initiator. In addition, if necessary, the ultraviolet

curable resin compositicon may further contain a light

stabilizer, a flame retarder, a leveling agent, an

antioxidant, and the like.
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obtained. a-0.005(32+0.027313-0.0145 ... (25) a=0.00442-0.033213+0.07 ... (26) P=2.875 ... (27)
a=-0.0001P2+0.0025P+0.0062 ... (28) In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (25) to (28) and a straight line shown by
the following formula (29) is a region in which the conditions of the individual parameters are satisfied.
The formula (29) is set in order to prevent the thickness of the metal layer from being decreased to 5
nm or less. a=0.005676 ... (29) (L=180 nm) Fig. 23 shows an a-11 correlation diagram based on
the conditions of the visible light transmittance, the blueness index, and the redness index at a total
film thickness L of 180 nm. In addition, in Fig, 23, since predetermined point (a, 13) on the boundary
line between a re‘géoqun which Te condition of the vLsEiLbIe light tra smit%ance is satisfied and a ragin
which the condition o

tho visible ﬁ&ﬁt’tréanéﬁr%ﬂf)ar?\%re ishot satisfied afe ou?s"i’&e the region shown
(meth)acryleoyl groups and/or an oligomer thereof is
preferably used. As this monomer and/or the oligomer
therecof, for example, a urethane (meth)acrylate, an epoxy
(methlacrylate, a polyester (meth)acrylate, a peolyol
(meth)acrylate, a polyether (meth)acrylate, or a melamine
(methlacrylate may be used. Here, the (meth)acryloyl group
indicates one of an acryioyl group and a methacryloyl group.
In this embodiment, the oligomer indicates a molecule having
a molecular weight in a range of 500 tc &0,000.

As the photopolymerization initiator, a compound
appropriately selected from common materials may be used.
As the common material, for example, a benzophenone
derivative, an acetophenone derivative, and an anthraguinone
derivative may be used alcene or in combination. The amount
of the polymerization initiator is preferably in a range of
0.1 to 10 percent by mass in a soiid content. When the
amount is less than 0.1 percent by mass, photocurability 1is
degraded, and practical industrial production may not be
suitably performed. On the other hand, when the amount of
the polymerization initiator is meore than 10 percent by mass,
and the amount of irradiaticon light is small, an odor tends
to remain in a coating film. In this case, the sclid
content indicates all the components forming a cured hard

coat laver. In particular, for example, an acrylate, a
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by hatching, the points are not shown in the figBased on the points on the boundary lines of the
individual parameters plotted in the a-13 correlation diagram, the approximated curves of the
boundary lines of the individual parameters shown by the following formulas (30) to (32) are obtained.
a=-0.01042+0.04711-0.0322 ... (30) a=0.0093P2-0.0677P+0.1212 ... (31) a=-0.00042+0.0030+0.0046
.. (32) In this case, a region shown by hatching which is surrounded by the approximated curves
shown by formulas (30) to (32) and a straight line shown by the following formula (33) is a region in
which the conditions of the individual parameters are satisfied. The formula (33) is set in order to
prevent the thickness of the metal layer from being decreased to 5 nm or less. a=0.00498 ... (33)

Next Dosides e ghoye visile Ight panemitiance. pilensss ndex, and redness dex fhe case in
C e describe

which the §hig oﬁr?é) tor is used as the parameter will b or respective total film
thicknessesd1 ot the:reflestive dayes3.{hE80 nm)

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

An oligomer may be added in corder to decrease the
curing shrinkage. A polyisccyanate or the like may also be
included as a curing agent. In addition, in consideration
of adhesion to the first optical layer 4 and the second
optical layer 3, at least one of a monomer having a hydroxyl
group, a carboxyl group, or a phosphoric group; a
polyalcohol compound; a carboxylic acid:; a silane, an
aluminum or a titanium coupling agent; and variocus chelating
agents may alsc be zdded.

The resin composition preferably further contains a
cross—-linking agent. As this cross-linking agent, in
particular, a cyclic cross-linking agent 1s preferably used.
The reason for this is that by using a cross—linking agent,
heat resistance can be imparted o the resin without
considerably changing the storage modulus at room

temperature. If the storage modulus at room temperature
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Fig. 24 shows an a-P correlation diagram based on the conditions of the visible light transmittance, the
blueness index, the redness index, and the shielding factor at a total film thickness L of 80 nm. In Fig.
24, a point "X" indicates a predetermined point on the boundary line between a region in which the
condition of the shielding factor is satisfied and a region in which the condition of the shielding factor is
not satisfied. In Fig. 24, since predetermined points (a, p) on the boundary Minh between a region in
which the conditione visible light transmittance is satisfied anb a. region inch. the condition of the
visible light transmittance is not satisfied are outside the region shown by hatching, the points are not
shown in the figure. In Figs. 25 to 30 which will be described below, the above point also has the same

meaning as thatidescribegd above;e s, Inadditionstedheapproximated cypesqaf thehoundary lines
shown by formulas (5) to (7), based on the points on the boundary line of the shielding factor plotted in
the a-P corelationadiagramythefapproximatecdedurye lof the ipundary line showh'by the following
formula (34) is obtained. a=-6x10-132+0.000213+0.0141 ... (3% In this case, a region shown by

hatching WRICH & SUrPSund¥a by e 2pprEidmated cures showt by tormtifas (%) 16 (7)and formula

(34) is a regian.inwhich-the conditions, of.all the. parameters are safisfied(k-90 sm)ne  Fig. 25 shows
an a-P correlation diagram based on the conditions of the visible light transmittance, the blueness
index, the redness index and the shieiding facterata dimethanol diacrylate,

tricyclodecane dimethanol dimethacrylate, ethylene oxide-
modified isocyanuric acid diacrvlate, ethylene oxide-
modified isocyanuric acid triacrylate, or caprolactone~-
modified tris{acryloxyethyl) lsocyvanurate.

The first base member 4a or the second base member Sa
preferably has a lower water vapor transmission rate than
that of the first optical laver 4 or the second optical
layer 5. For example, when the first optical layer 4 1is
formed from an ensrgy ray curable resin, such as a urethane
acrylate, the first base member 4a 1s preferably formed, for
example, of a poly({ethylene terephthalate) (PET) having
energy ray transmission properties and a lower water vapor
transmission rate than that of the first optical layer 4,
Accordingly, diffusion of moisture from the incident surface
351 or the emission surface 52 to the reflective layer 3 can
be suppressed, s8¢ that degradation of a metal or the like
contained in the reflective laver 3 can ke suppressed.
Therefore, the durabkility of the optical film 1 can be
improved. 1In addition, the water vapor transmission rate of

a PET having a thickness of 75 um is approximately 10 g/m2
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total film thickness L of 90 nm. In addition, since predetermineb. points (a, p) on the boundary line
between a region londitioo of th.e visible light transmittance is satisfied and a region in whibh the
condition of the visible light transmdttanbe is not satisfied are outside the region shown by hatching,
the points are not shown in the figure_ In addition to the approximated curves of the boundary lines
shown by formulas (9) to (11), based on the points on the boundary line of the shielding factor plotted
in the a-P correlation diagram, the approximated curve of the boundary line shown by the following
formula (35) is obtained. a-1x10-5132+0.0002P+0.0125 ... (35) In this case, a region shown by
hatching which is surrounded by the approximated curves shown by formulas (9) to (11) and formula
(35)is a reég(i&n in \%1%1 tlé%gogg{i}ions of all the parameters are satisfied. (L-100 nm) Fig. 26
shows an a- orlgelatlo’n lagram based on the conditions of the visible light transmittance, the
blueness index, the redngss #adex, and:thershielding facternat a totahfilny thigkness: £ {100 nm. In
addition, in Fdq, 26, since predetermined points (a, [3) on the boundary line hetwcen a region in which
the con.ditibawsfhé \ésiBfl tight eanshittancel isesatisfiedrand aregiontia WhiEhnES 1edddition. of the
vishle light transmittance is not setisfiede outside the region shown py 'notching, the points are not
shown in the figlire H Hditior'ts the gﬁﬁr%\%i’mgtré% (ifﬁlr%%s %?thé: %%g%agrygﬁﬁe% gt%ov%']l by formulas

(13) to (15), hased.on the-points onthe boundaryline of the shieldingifactor plotied in the a-P

correlation diagram, the approximated curve of the boundary line shown by the following formula (36)

is obtaineds a=<8x10-51340.0004R+0.0113 1.t (36) preferable that the first
cptical layer 4 and the second optical layer 5 both contain
a phosphoric acid compound, (such as a phosphoric ester),
and that the content thereof in the first optical layer 4 is
different from that in the second optical layer 5. The
content of a phosphoric acid compound in the first optical
layer 4 is preferably different from that in the second
optical layer 5 by two times or more, more preferably 5
times or more, and even more preferably by 10 times or more.

When at least one of the first optical layer 4 and the

second optical layer 5 contains a phosphoric aclid compound,
the reflective laver 3 preferably conta;ns an oxide, a
nitride, or an oxynitride in a surface thereof which is in
contact with at least one of the first optical layer 4 and
the seccend optical layer 5 which contains a phosphoric acid
compound. In particular, the reflective layer 3 preferably
has & layer containing zinc oxide (Zn0} or a niobium oxide
which is in contact with at least cone of the first optical
layer 4 and the second optical layer 5 which contains a

phosphoric acid compound. The reason for this is to lmprove



In this case, a region shown by hatching which is surrounded by the approximated curves shown by
formulas (13) to (15) and formula (36) is a region in which the conditions of all the parameters are
satisfied. (L-120 nm) Fig. 27 shows an a-P correlation diagram based on the conditions of the
visible light transmittance, the blueness index, the redness index, and the shielding factor at a total film
thickness L of 120 nm. In addition, in Fig. since bredetermined poil3) on the boundary line between 's.
region in which the condition of the visible light transmittance is satisfied and a region inhe condition of
the visible light tran.smittance is not satisfied are outside the region shown by hatching, points are not
shown in the figure. In addition to the approximated curves of the boundary lines shown by formulas
(17) to (19)hasedronsthenpoints:earthe bourwary tine of the shieldingfactor pletted in the a-P
correlation diagram, the approximated curve of the boundary line shown by the following formula (37)
is obtained? A&- FXFO IS2L0-0007P+0.0097-.:. (37} @R thicCase:Eregian Sholitby hatching which

s surroundeg by the approximated gurves.shown py formulas{17).49 49).a0d farmula (37) s a region
in which the conditions of alwﬁe parameters are satisfied. (L-140 an)

such as Ag, a high corrosion resistance effect can be

obtained. In addition, the reflective layer 3 may also

contain a dopant, such as Al or Ga. The reason for this is

that when a metal oxide layer is formed by a sputtering

method or the like, the film guality and the smoothness are

improved.

Since imparting design characteristics to the optical
film 1, the window material 10, and the like, at least one
of the first optical layer 4 and the second coptical layer 5
preferably has properties of absorbing light in a specific
wavelength band in the visible region. Although a pigment
to be dispersed in the resin may be any one of an organic-
based pigment and an inorganic-based pigment, in particular,
an incrganic pigment having inherent high weather resistance
is preferably used. 1In particular, for example, there may
be mentioned inorganic pigments, such as zircon gray (Co,
Ni-doped ZrSi04), praseodymium yvellow {(Pr-doped ZrSiOs),
chromium titanium yvellow (Cr, Sb-doped TiCO, or Cr, W-doped
Ti0;), chrome green (such as Cr.0s;), peaccck blue
{ {CoZn)Q(AlCr).03), Victoria green (Al, Cr}.03), dark blue
{Co0-2150:-5105), banadium zirconium blue (V-doped ZrS3iCi},

chrome tin pink {(Cr-doped Cal-Sn0,-510:}, manganese pink (Mn-



Fig. 28 shows an a-P correlation diagram based on the conditions of the visible light transmittance, the
blueness index, the redness index, and the shielding factor at a total film thickness L of 140 nm. In
addition, in Fig. 28, since bredetermindd pointson the boundary line between a ran ion in which the
condition of the visible . r.ransmitrance is satisfied and a region in which the condltion of the visible
LL-Altt transmittance is not satisfied are outside the region shown by latching, the points a.e not shown
in the figure. In addition to the approximated curves of the boundary lines shown by formulas (21) to
(23), based on the points on the boundary line of the shielding factor plotted in the a-P correlation
diagram, the approximated curve of the boundary line shown by the following formula (38) is obtained.

a-0.000113¢2+0.0014+0.0083 ... (38) Inthirslkca;fég egion %h%\'ilg{iy- hatching which is surrounded
by the approximated-curves shown by fornutas (21)to @g_’s and formla (38)'is a fegion in which the

conditions of; glhthe parameters are;satisfied: (160 )y Figh 29 shewsama-P correlation diagram
based on the conditions of the visible light transmittance, the blueness index, the redness index, and

the shieldirg farctortat a total film thickness L of 160 nm. In addition, in Fig. 29, since predetermined
points (a, 13) 01.1 the boundary line between. a region in which the condition of tl.Le visible light
e Ls satisfidd aht™5 tegion i Hiéh the condition ofle light tbanbmittance is not satisfied are outside

the region shownby. hatching,thepoints.ate;not.shown in.thefigurein. addition to the approximated
curves of the boundary lines shown by formulas (25) to (28), based on the points on the boundary line

of the shieldnglfactorpiofteddr tHe orédcorfelatibamdiagrand, thelapproxivhated,curée of the boundary

line shown by the following formula (39) is obtained. o
light incideént on an incident surface at an incident angle

(6, &), light in a specific wavelength band is directionally
reflected while light other than that in the specific
wavelength band is allowed to pass therethrough. The
average thickness of the reflective layer 3 is preferably 20
um or less, more preferably 5 pum or less, and even more
preferably 1 pm or less. When the average thickness of the
reflective layer 3 ig more than 20 um, the length of a light
path in which transmitted light is refracted is increased,
and a transmissicon image is liable to look disteorted. BAs a
fFormation method of the reflective laver, for example, =2
sputtering method, a deposition methed, a dip coating method,
and a die coating methoed may be mentioned.

The laminated film is a laminated film having at least
five layers, for example, in which metal layers having a
high reflectance in the infrared region and high refractive-
index layers having a high refractive index to the metal
film in the wvisible region and functioning as an

antireflective laver are alternately laminated to each other.
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a-0.0002132+0.0010+0.0067 ... (39) In this case, a region shown by hatching which is surrounded by
the approximated curves shown by formulas (25) to (28) and formula (39) is a region in which the
conditions of all the parameters are satisfied. (1,-180 nm) 30 shows an a-P correlation
diagram based on the conditions of the visible light transmittance, the blueness index, the redness
index, and the shielding factor at a total film thickness L of 180 nm. In addition, in high 30, since
predetermined points (a, p) on the boundary line between a region in which the condit.ion of the visible
light transmittance is satisfied and a region. inthe condition of the visible _Light transmittance is not
satisfied are outside the realci shown by hatching, the points are npt shpwn in the figure. In addition to
the approximated curves of the ndary I| s shown by formul s (3 to (32 based on the points on
the bounde‘%{;?/ |:;I§1% 0 h%%h.éﬁ |ng {or [510 ?ﬁe al13correl atltg):nojc?ila}/grg Atﬁg approxmated curve

of the boum@%ﬂ4ngxs@mwg@a}f@wlﬁgﬁ@ﬂa@@@Oj)a@@btmagdb@ 0,00Q42+0.0024+0.0055 ... (40)
In this case, a region shown by hatching which is surrounded by the approximated curves shown by

formulas (30) to (B2} aneitformutey (40)Nis eiregion in-whictethescoriditiens of Alt¢he parameters are

satisfied. , , .
infrared region contains, for example, as a primary

compenent an element, such as Au, Ag, Cu, Al, Ni, Cr, Ti, Pd,
Co, Si, Ta, W, Mo, or Ge, or an alloy containing at least

two elements mentioned above. In addition, when the
practicality is taken into consideration, among these
mentioned above, a Ag-based, a Cu=~bases, an Bl-based, a Si-
based, or a Ge-based material is preferably used. When an
alloy 1s used as a material for the metal layer, the metal
layer preferably contains AlCu, AlTi, AlCr, Alloc, AINACu,
AlMgSi, AgBi, AgNdCu, AgPdCu, AgPdTi, AgCuTi, AgPdCa, AgPdMg,
AgPdFe, Ag, or $SiB as a primary component. In addition, in
order to suppress the corrosicn of the metal layer, a
material, such as Ti or Nd, is preferably added thereto. In
particular, when Ag 1s used as a material for the metal
layer, the material menticned above is preferably added.

The optically transparent layer is an optically
transparent layer which has a high refractive index in the
visible region and functions asg an antireflective layer.

The optically transparent layer contains, for example, a
high dielectric material, such as niobium oxide, tantalum
oxide, or titanium oxide, as a primary component. The

transparent conductive layer contains, for example, as a



Next, in the case in which the total film thickness L is other than the specific thickness, a method for
determining a region which satisfies the conditions of the individual parameters will be described. Fig.
31 shows the case in which the regions which satisfy the conditions of the individual parameters
determined based on the a-P correlation diagrams shown in Figs. 17 to 23 are mapped on a
three-dimensional plane using the ratio a, the ratio p, and the total film thickness L as the axes. In this
example, the region which satisfies the conditions of the individual parameters is shown when the
visible light transmittance, the blueness index, and the redness index are used as the parameters. In
addition, predetprmined points (a, p) on the boundary line at each I, value between a region in which
the conditien Ofishiy visible dighh transmittances isssa sfipd. and aregioniimmwhisbthewcandition of the
visible lipht transmittance is not satisfied. and an aprroxiiLated curve obtained, from thp group of. the
points desErfBed above e Gutsiae thé Fedioh dreactePealueshdvn by RateePpB1, Hie points and
the a:ooroxj.mat.eu curve are not.shown in the figure. As.shown in Fig..31, it is.believed that the
regions Wl’)ljlr(ﬁﬁa gtacltiéD eihg%%% ﬁieo%s%%ﬁe%ﬁgiv %%T%a?g%%fgrgla%g c%nt%]ﬁ%ﬁs%ﬁwd%espect to the

total film thickitess lsHence; indhe casa in whichthe total filaythieknessdsstheethan the specific
thickness, a region enclosed by regions at specific total film thicknesses L adjacent to each other and
straight line&§téRnecting Beffeer dotrespoiing peaks ot thel abéveradjacent ¥egions is defined as a
region which satisfies the(%%ra)qmorés ogghe individual parameters. First, the case in which the

visible Iightztlrgﬁsr%ﬁ%gnece e blighess m&Se)&?, and the redness index are used as the parameters, and

the total film thicknessik is:-seto a Malue-hetween,speagific.totakfilm, thigknesses L will be described.
(80 nmc_1,90 nm) When the total film thickness L is in a range of 80 to 90 nm, based on the

informatiorr 6 the peaks bidke rdgions which satidfyithetéonditiongefthe ihdividdal parameters shown

in Figs. 17 andf18, the following formulas_(41).to (44 a%e ob;fakilned. ‘ , o
(P-0.5)/0.675&6.01058)/0700157478=(80-L)110 41)°- the Tefractive incex

is more preferably in a range of 1.8 o 2.6 and even more
preferably in & range of 1.9 to 2.%6. The reason for this is
that the antireflection in the visible light region can be
realizable by & thin film in which cracks are not likely to
be generated. In this case, the refractive index is at a
wavelength of 550 nm. The high refractive-index layer is a
layer containing, for example, & metal oxide as a primary
component. As the metal oxlide, 1n order to reduce a siress
of the layer and to suppress the generation of cracks, a
metal oxide other than zinc oxide may be preferably used in
SOme Cases. In particular, at least one selected from the
group consisting of nicbium oxide (such as niobium
pentoxide), tantalum oxide (such as tantalum pentoxide), and
titanium oxide is preferably used. The film thickness of
the high refractive-index layer is preferably in a rangs of

10 to 120 nm, more preferably in a range of 10 to 100 nm,
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(3-5.5)/3.75-(a-0.01059)/0.00152478=(90-L)/10 ... (42)
(13-10.4)/10.6=(a-0.01516)/0.00067768=(90-L)/10 ... (43)
(P-0.8)/0.45-(a-0.01161)/0.0008471--(90-L)/10 ... (44) In this case, the region enclosed by the
regions shown in Figs. 17 and 18 and the straight lines shown by formulas (41) to (44) is a region
which satisfies the conditions of the individual parameters. (90 nnISL100 nm) When the total film
thickness L is in a range of 90 to 100 nm, based on the information on the peaks of the regions which
satisfy the conditions of the individual parameters shown in Figs. 18 and 19, the following formulas
(45) to (48) are obtained. (0.7-P)/0.2=(a-0.0094)/0.00118594=(100-17)/10 ... (45)
(P-4.4)/1.1=(a-0.0094)/0.00118594=(100-L)/10 ... (46) (P-6,5)/3,9=(a-0,01432)/0,0008471=(100-L)/10
.. (47) (1-P) .ngf-%.ﬁfﬁ@)?ﬁﬁ%ﬁé ]]?éé[:flrbO?ngTBg% (48) b I%S%hlgéocé%“é, th&'teGion enclosed by
the regions-shown in, Figs. 48 aad 19:and the siraight fines, shown: by formujas (45),19:(48) is a region

which satisfies the conditions of the individual parameters. (100 nrib120 nm)
to be easily reflected. On the cther hand, when the
thickness is more than 120 nm, a decrease in transmittance
and the generation of cracks are liable to occur.
Fig. 5 shows one example of the lamination structure of
the reflective layer 3. Layers of the reflective layer 3
are called a first, a second, a third, a fourth, and a f£ifth
layer from the emission surface side and will be described
below, The first layer, the third layer, and the fifth
layver are each a high refractive-index layer containing, for
example, GAZO as a primary component, and the film thickness
of the first layer is formed approximately equal to that of
the fifth laver. The difference in film thickness between
the first layer and the fifth layer is preferably 10% or
lesg with respect to the film thickness of one of the two
layers, more preferably 2% or less, and even more preferably
% or less. In addition, the second layer and the fourth
layer are each a metal layer formed, for example, of AgNdCu
as a primary component, and the film thicknesses therecf are
formed approximately egual to each other. The difference in
£iim thickness between the second layer and the fourth layer
is preferably 10% or less with respect to the film thickness

of one of the two layers, mocre preferably 5% or less, and

even more preferably 3% or less.

B



When the total film thickness L is in a range of 100 to 120 nm, based on the information on the peaks
of the regions which satisfy the conditions of the individual parameters shown in Figs. 19 and 20, the
following formulas (49) to (52) are obtained. (P-0.6)/0.1-(a-0.00771)/0.0016942=(120-L)/20 ... (49)
(P-3.6)/0.8=(a-0.00771)/0.0016942=(120-L)/20 ... (50) (P-4.25)/2.25-(a-0.0133)/0.00101652-(120-L)/20
... (61) (P-0.9)/0.1-(a-0.00974)/0.00118594=(120-L)/20 ... (52)  In this case, the region enclosed by
the regions shown in Figs. 19 and 20 and the straight lines shown by formulas (49) to (52) is a region
which satisfies the conditions of the individual parameters. (120 nm140 nm) When the total film
thickness L is in a range of 120 to 140 nm, based on the information on the peaks of the regions which
satisfy the conditions ofstheriadivicduad parameterscshavi incEigse 20iard 24 ythe following formulas
53) to
(®3) not limited thereto, and for example, a plurality of

gseparated layers may form one high refractive-index layer.

Figs. 6 to 6F each =show one example of the lamination

structure of the reflective layer 3 in which a pluraility of

separated lavers forms one high refractive index layer. In

the example shown 1in Fig. 6A, the third and the fifth high

refractive-index layers are each formed of twe layers

respectively containing Zn0 and Nbk»0s as a primary compoenent.

In the example shown in Fig. 6B, the third high refractive-

index laver i1s formed of three layers respectively

containing GAZO, Nb;Cs, and GAZO as a primary component, and

the fifth high refractive-index layer is formed of two

layers regpectively ceontaining GAZO and Nb:0s as a2 primary

component. In the example shown in Fig. &C, the third high

refractive-index layer is formed of two layers respectively

containing Zn0 and Nb;0s as a primary ccomponent, and the

fifth high refractive~index layer is formed of three layers

respectively containing ZnC, Nk;0s, Zn0 as a primary

component.

In the example shown in Fig. 6D, the first, the third,
and the fifth high refractive-index lavers are each formed
of two layers respectively containing GAZO and Nb;0Os as a

primary component. In the example shown in Fig. 6E, the

first and the fifth high refractive-index layers are each
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(56) are obtained. (0.75-13)/0.15=(a-0.00652)/0.00118594=(140-L)/20 ... (53)
(3.65-13)/0.05--(a-0.00652)/0.00118594=(140-L)/20 ... (54)
(P-3.3)/0.95=(a-0.01245)/0.0008471,-(140-L)/20 ... (55)
(3.47-P)/2.57-(a-0.00754)/0.00220246=(140-L)/20 ... (56) In this case, the region enclosed by the
regions shown in Figs. 20 and 21 and the straight lines shown by formulas (53) to (56) is a region
which satisfies the conditions of the individual parameters. (140 nm_.160 nm) When the total film
thickness L is in a range of 140 to 160 nm, based on the information on the peaks of the regions which
satisfy the conditions of the individual parameters shown in Figs. 21 and 22, the following formulas

7 s c0s e (ST (RSN POBETHS 1800 B v
as a primary component, and the third high refractive-index
layer is formed of three layers respectively containing GAZO,
Nb:;0s, and GAZO as a primary component. In the example shown
in Fig. ©F, the first high refractive-index layer is formed
of two layers respectively containing GAZO and Nb:0s as a
primary component, and the third and the fifth high
refractive-index lavers are each formed of three layers
respectively containing GAZO, Nb:0s, and GRZO as a primary
component.

In addition, the laminated film is not limited to a
thin film formed of an incorganic material and may be formed
by laminating thin f£ilms feormed of a polymer material or
layers containing a polymer material and fine particles
dispersed therein. In addition, in order to prevent
degradation cf an underlayer metal by oxidation in the
formation of these optically transparent layers, a buffer
layer of Ti cr the like having a small thickness, such as
approximately several nanometers, may be provided at an
interface of the optically transparent layers. In this
embodiment, the buffer layer is a layer which oxidizes
itself in the formation of the upper laver so as To suppress
the oxidation of the metal layer or the like functioning as
an underlayer.

(Suppression of Change in Cclor Tone)
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(13-2.85)/0.45-(a-0.01203)/0.00042355-(160-L)/20 ... (59)
(13-1.05)/2.42=(0.00864-a)/0.00110123-(160-L)20 ... (60) In this case, the region enclosed by the
regions shown in Figs. 21 and 22 and the straight lines shown by formulas (57) to (60) is a region
which satisfies the conditions of the individual parameters. (160 nm180 nm) When the total film
thickness L is in a range of 160 to 180 nm, based on the information on the peaks of the regions which
satisfy the conditions of the individual parameters shown in Figs. 22 and 23, the following formulas
(61) to (64) are obtained. (1.05-13)/0.15=(a-0.005)/0.00067768-(180-L)/20 ... (61)
(P-2.75)/1.05=(a-0.005)/0.00067768-(180-L)/20 ... (62)

(P‘Z-4)/0-45:(3'01%1%%E)éo-g%ggﬁ%gﬁg%%Lng 'pr(gg)ant invention, an index

value which indicates the colcer tone, such as blueness or
redness, 1s set, and the change in color tone is suppressed
by forming a laminated film so as to satisfy this index
value. In this example, a blueness index and a redness
index are each set as the index value for the color tone.

The blueness index is an index value to judge whether
transmitted light has blueness or not., A blueness index
value 1s calculated in such a way that after a product of a
light source spectrum in a wavelength range of 620 to 750 nm,
reflectance, and luminosity factor is integrated, and the
value obtained thereby is divided by a value obtained by
integrating a product of the light source spectrum and the
luminosity factor.

The blueness index value is preferably less than 0.152
and more preferably less than 0.111. The reason for this is
that when the blusness index value ig in a range of 0 to
less than 0.111, the blueness is hardly disturbing, and when
it is in a range of 0.111 to less than 0.152, although
depending on the outside brightness, the blueness i1s almost
not disturbing. ©On the other hand, when the blueness index
value is in a range of 0.152 to less than 0.2, transmitted
light is liable tc have a =slight blueness in a specific
angle direction, and when it is 0.2 or more, transmitted

light is liable to have a deep blueness in a specific angle



(1.2-P)/0.15=(a-0.00856)0.00008471=(180-L)/20 ... (64) In this case, the region enclosed by the
regions shown in Figs. 22 and 23 and the straight lines shown by formulas (61) to (64) is a region
which satisfies the conditions of the individual parameters. Next, the case in which, besides the
visible light transmittance, the blueness index, and the redness index, the shielding factor is used as
the parameter and the total film thickness L is set to a value between specific total film thicknesses L
will be described.  As in the case in which the visible light transmittance, the blueness index, and the
redness index are used as the parameters, it is believed that regions which satisfy the individual
parameters are continuous with respect to the total film thickness L. Hence, a region enclosed by
regions at specific fotal film thicknesses L adjacent to each other and straight lines connecting
between corresponding peaks of the above adjacent regions is defined as a region which satisfies the
conditions of the mdivickiah parameters. (80 armiLE(D0:nmy 1ue When thieytotahfilmmthickness L is in a
range of 80 to 90 nm, based on the information on the peaks of the regions which satisfy the
conditions bf theThidiifiGalpafameétefs SREWRASA Fgs o4 and’?5, the *%Iﬁ)\fﬁﬂ@%ﬁﬁult&%e(%) to (69)

rs e 608V A MIOREEITIO LS e <o corcunnee
(P-10.4)/10.6-(&=Q.-01516)0.00067 768-90-k)/40cd(6?) of a light source
spectrum in a wavelength range of 620 to 750 nm, reflectance,
and lumincsity factor 1s integrated, and the value obtained
thereby is divided by & value cbtained by integrating a
product of the light source spectrum and the luminosity
factor.

The redness index value is preferably less than 0,258
and more preferably less than 0.175. The reason for this is
that when the redness index value is in a range of 0 to less
than 0.175, the redness is hardly disturbing, and when it is
in a range of 0.175 to less than 0.258, although depending
on the outside brightness, the redness i1s almost not
disturbing. On the other hand, when the redness index value
is in a range of 0.258 to less than 0.3, transmitted light
is liable to have a slight redness in a specific angle
directicn, and when it is ©.3 or more, transmitted light 1is
liakble to have a deep redness in a specific angle direction.
(Function of Optical Film)

Figs. 7A and 7B are cross-sectional views each
illustrating one example of the function cf an optical film.

Here, the case in which the structure has a prism shape of
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(P-4.9)/16.1=(a-0.01347)/0.00237188-(90-L)/10 ... (68) (P-4.9)/7.5=(a-0.01347)/0.00211775=(90-L)/10
... (69) In this case, the region enclosed by the regions shown in Figs. 24 and 25 and the straight
lines shown by formulas (65) to (69) are a region which satisfies the conditions of -the individual
parameters. (90 nm.100 nm) When the total film thickness L is in a range of 90 to 100 nm, based
on the information on the peaks of the regions which satisfy the conditions of the individual parameters
shown in Figs. 25 and 26, the following formulas (70) to (73) are obtained.
(2-(3)/0.2=(a-0.01093)/0.0067768-(100-L)/10 ... (70) (13-5.8)/3.1=(a-0.01262)/0.00135536-(100-L)/10
... (71) (P-6.5)/3.9-(a-0.01432)/0.0008471=(100-L)/10 ... (72)

an inclined angle of 45° will be described by way of example.
As shown in Fig. 7&, although some of near-infrared light I,
of sunlight incident on this coptical film 1 is directionally
reflected skyward in a direction approximately eguivalent to
the incident direction, visible light L, transmits the
ocptical film 1.

In addition, as shown in Fig. 7B, the light incident on
the optical film 1 and reflected on the reflective layer
surface of the reflective layver 3 is separated into a
component 1, reflected skyward and a component Ly not
reflected skyward at a ratic in accordance with the incident
angle. In addition, after keing specularly reflected at the
interface between the second optical laver 5 and air, the
component Ly not reflected skyward is finally reflected in a
direction different from the incident direction.

When the incident angle of light is represented by 9,
the refractive index of the first optical layer 4 is
represented by n, and the reflectance of the reflective
laver 3 is represented by R, the ratio of the component I,
reflected skyward to all the incident components is shown by
the following formula (1).
x={s5in(45-8"}+cos (45-8") /tan(45+8" )}/ {sin{45-8")+cos (45~
8') ) xR | cee (1)

In the above formula, 6'=sin  (sind/n) holds.

If the ratio of the component Lz not reflected skyward
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(P-2.8)/2.1-(a-0.0122)/0.00127065-(100-L)/10 ... (73) In this case, the region enclosed by the
regions shown in Figs. 25 and 26 and the straight lines shown by formulas (70) to (73) are a region
which satisfies the conditions of the individual parameters. (100 nmicd.,fl20 nm)  When the total film
thickness L is in a range of 100 to 120 nm, based on the information on the peaks of the regions which
satisfy the conditions of the individual parameters shown in Figs. 26 and 27, the following formulas
(74) to (77) are obtained. (P-0.9)/0.1-(a-0.00974)/0.00118594=(120-L)/20 ... (74)
(P-4)/1.8,-(a-0.01144)/0.00118594--(120-L)20 ... (75) (P-4.25)/2.25-(a-0.0133)/0.00101652=(120-L)/20
... (76) (13-1.7)/1.1-(a-0.01076)/0.00144007=(120-L)/20 ... (77) In this case, the region enclosed by

the regions; shown in Figs. 26 and 27 and the straight lines shown by farmulas (74)19 (47) are a

region which satisfies the conditions of the individual parameters.
will decrease. In order to increase the ratio of the
skyward reflection, appropriate designing of the shape of
the reflective laver 3, that is, appropriate designing of
the shape of the structure 4c of the first optical layer 4,
is effective. For example, in order to increase the ratic
of the skyward reflection, the shape of the structure 4c
preferably has the lenticular shape shown in Fig. 3C or the
asymmetrical shape shown in Figs. 4A and 4B. By the
structures described above, although light may not be
reflected in the completely same direction as that of the
incident light, the ratio of light reflected upward to the
light incident above a buillding window material and the like
can be increased. Since one reflection cf the incident
light by the reflective layer 3 1s encugh as shown in Figs.
8A and 8B, the two shapes shown in Figs. 3C and 43 can
increase a final reflection component as compared to that by
the shape as shown in each of Figs. 7A and 7B in which
reflecticn is performed twice {or 3 times or more). For
example, when two-time reflection is used, 1f the
reflectance of the reflective layver 3 is assumed 8C% at a
certain wavelength, the skyward reflectance i1s theoretically
£4%, and when the reflection is performed once, the skyward

reflectance is 80%.

Figs. 9A and 9B show the relationship of a ridgeline 1lj
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(220 nm140 nm) When the total film thickness L is in a range of 120 to 140 nm, based on the
information on the peaks of the regions which satisfy the conditions of the individual parameters shown
in Figs. 27 and 28, the following formulas (78) to (81) are obtained.
(1-15)/0.1-(a-0.00923)/0.00050826-(140-L)/20 ... (78) (P-3.3)/0.7=(a-0.01042)/0.00101652=(140-L)/20
... (79) (13-3.3)/0.95=(a-0.01245)/0.0008471=(140-L)/20 ... (80)
(P-1.1)/0.6=(a-0.0094)/0.00135536=(140-L)/20 ... (81) In this case, the region enclosed by the
regions shown in Figs. 27 and 28 and the straight lines shown by formulas (78) to (81) are a region
which satisfies the conditions of the individual parameters. (140 nmflil60 nm) When the total film

thickness L. is in,a range. of 140 ta 160.nm, based an the information on the, peaks of the regions which
satisfy the conditions of the individual parameters shown in Figs. 28 and 29, the following formulas
(82) to the reflected light .. It is preferable that of the
incident light L incident on the incident surface S1 at an
incident angle (8, ¢), the optical film 1 selectively
directionally reflescts the light 1L; in a specific wavelength
band in a direction (8o, —-0) {0°<B0o<90° while transmitting
tha light I, cther than that in the specific wavelength band.
The reason for this iz that when the relatlonship as
described above 1s satisfied, the light in the specific
wavelength band can be reflected skyward. In this case, 0
indicates an angle formed between the normal 1; to the
incident surface 31 and the incident light L or the
reflected light Li. In addition, ¢ indicates an angle formed
petween the straight line l; which perpendicularly
intersects the ridgeline 13 of the ceclumnar structure 4c in
the incident surface S1 and a component of the incident
light L cor the reflected light I, which is projected on the
incident surface S$1. In addition, an angle 8 rotated
clockwise around the normal 1: is represented by "+0", and an
angle 8 rotated anticlockwise is represented by "-6". An
angle ¢ rotated clockwise arcund the straicht line 1, is
represented by "+¢", and an angle ¢ rotated anticlockwise is
represented by "-¢".
[Manufacturing Apparatus of Optical Film]

Fig. 10 i1s a schematic view showing one structural
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(85) are obtained. (1.05-P)/0.05=(a-0.00822)/0.00101652=(160-L)/20 ... (82)
(P-2.85)/0.45=(a-0.00991)/0.00050826=(160-L)/20 ... (83)
(P-2.85)/0.45=(a-0.01203)/0.00042355=(160-L)/20 ... (84)
(P-1.05)/0.05=(a-0.00864)/0.00076239=(160-L)/20 ... (85) In this case, the region enclosed by the
regions shown in Figs. 28 and 29 and the straight lines shown by formulas (82) to (85) are a region
which satisfies the conditions of the individual parameters. (160 nm5.180 nm) When the total film
thickness L is in a range of 160 to 180 nm, based on the information on the peaks of the regions which
satisfy the conditions of the individual parameters shown in Figs. 29 and 30, the following formulas
(86)t0(89l£g%&¥£ghg¥ia manufacturing apparatus for manufacturing an
optical film according tc the first embodiment of the

present invention. As shown in Fig. 10, this manufacturing
apparatus includes laminate rolls 41 and 42, a guide roll 43,
a coating device 45, and an irradiation device 46.

The laminate rolls 41 and 42 are formed to be able to
nip an optical laver 9 provided with & reflective layer and
the second base member ha. The optical layer 9 provided
with a reflective layver is formed by forming the reflective
layer 3 on one primary surface of the first optical layer 4.
In addition, as the optical layer 9 provided with a
reflective layer, the first base member 4a may be formed on
a primary surface of the first optical layer 4 other than
the surface on which the reflective layer 3 is formed. In
this example, the case is shown in which the reflective
layer 3 1is formed on one primary surface of the first
optical layer 4, and the first base memper 4a is formed on
the other primary surface therecof. The guide roll 43 is
arranged at a transport path of this manufacturing apparatus
so as to trangport the bhelt-shaped cptical £ilm 1.

Materials for the laminate rolls 41 and 42 and the guide
roll 43 are not particularly limited, and in accordance with
desired roll properties, for example, a metal, such as

stainless steel, a rubber, or a silicone may be

appropriately used.
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(1.15-P)/0.1=(a-0.00754)/0.00067768=(180-1)/20 ... (86)
(13-2.55)/0.3=(a-0.00889)/0.00101652=(180-L)/20 ... (87)
(13-2.4)/0.45-(a-0.01177)/0.00025413=(180-1,)/20 ... (88)
(1.2-13)/0.15=(a-0.00856)/0.00008471-(180-L)/20 ... (89) In this case, the region enclosed by the
regions shown in Figs. 29 and 30 and the straight lines shown by formulas (86) to (89) are a region
which satisfies the conditions of the individual parameters.  As described above, when the total film
thickness L is set and the film thicknesses of the individual layers are set so that the ratio a and the
ratio p are in the region shown by hatching, a laminated film which satisfies the conditions of the

individual parameters can belformed. As described above, when the gotal film thickness L is other
than the specific Value® 37 PEgISH eRclos8d By fegions af spedfic totalfint thickiesses [ adjacent to

each other.angd straight lines. connecting betweenscarrespnding peaks of theradjacentregions is
defined as a region which satisfies the conditions of the individual parameters; however, the region is
not limited o this exarwpie tFonerdmple; whers the fotalkfilpethiclkaressiid is-othel than tfe specific
value, a region in which regions at specific total film thicknesses L adjacent to each other are

overlapped®masHe dERABE 35 FéGibR WiticR 2Rlisfiss tHe CordifiBhs of the FVitta parameters.
First, the cage in.which the visible light trapnsmiftance, the blueness,index,.and the redness index are

used as the parameters will be described. Fig. 32A shows a graph in which when the visible light
transmittancep theblueness index,.and'thee fedressarecuseteas the paraimeters, regions which satisfy
the conditions of the individual parameters are mapped on the same plane. In this example, the

regions at tofAAARFthickheseBs 1eoF I6G AnB B IRTarkSHGwRY  T2KS shéWninTg. 32A, when the
regions at the_shedlic talglfim thiknessesl adigcentip.aagolney are manpedgn fhe same plane,

region in which the two regions are overlapped with each other is formed. In this case, the overlapped
region can he defined-asaregjor: which:satisfiesitheconditionsl afihevindividual perameters. The
overlapped region can be determined based on the approximated curves forming the respective
regions. ultraviclet rays is used as the ilrradiation device 46 is
SHOwWD.
[Method for Manufacturing Optical Film]
Hereinafter, with reference to Figs. 10 to 13C, one
example of a method for manufacturing an optical film
according to the first embodiment cf the present inventiocn
will be described. In addition, in consideration of the
productivity, a manufacturing process shown below is
preferably performed partially or entirely by a roll-to-reoll
method as shown in Fig. 10. However, the step of forming a
mold is performed independently.
First, as shown in Fig. 114, a mold 21 having the same
concavo-convex shape as that of the structure 4c or a mold
(replica} having a reversed shape therect is formed, for

example, by cutting tool processing or laser processing.

Next, as shown in Fig. 11B, the concavo~convex shape of the
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(80 Nnm<L<90 nm) When the total film thickness L is in a range of more than 80 to less than 90 nm,
based on the regions which satisfy the conditions of the individual parameters shown in Figs. 17 and
18, the region surrounded by the following formulas (8), (10), and (11) satisfies the conditions of the
individual parameters. a=0.012114 ... (8) a=-3x10-132+0.0014P+0.0038 ... (10)
a=-2x105132+0.0000+0.0112 ... (11) (90 nm<L<100 nm) When the total film thickness L is in a
range of more than 90 to less than 100 nm, based on the regions which satisfy the conditions of the
individual parameters shown in Figs. 18 and 19, the region surrounded by the following formulas (11)
to (15) satisfies the conditions of the individual parameters. a=-2x10-5132+0.0000+0.0112 ... (11)
a=0. 010589 (12) a- 0 00042+0 005511+O 0057 ... (13)

bove mo 1 is transferred £o & film-shaped resin material,
for example, using a melt extrusicn method or a transfer
method. Ags the transfer method, for example, there may be
mentioned a method in which an energy ray curable resin is
pouraed in a mold and is then cured by irradiation of energy
rays, a method in which a shape is transferred to a resin by
applying heat and/or pressure thereto, and a method in which
a resin film is supplied from a rcll, and a mold shape is
transferred thereto by applying heat (lamination transfer
method) . Accordingly, as shown in Fig. 11C, the first
optical layer 4 is formed so that one primary surface
thereof has the structures 4c.

In addition, as shown in Fig. 11C, the first optical
laver 4 may be formed con the first base member 4a. In this
case, for example, a method is used in which after the Ifilm-
shaped first base member 4z 1s supplied from a rell, and an
energy ray curable resin is applied on this base member, the
resin is pressed on the mold so that the shape thereof is
transferred and 1s cured by ilrradiation of energy rays. 1In
addition, the resin preferably further contains a cross-
linking agent. The reascon for this is that heat resistance
can be imparted to the resin without considerably changing
the storage modulus at room temperature.

Next, as shown in Fig. 12A, the reflective layer 3 is

formed on one primary surface of the first optical layer 4.
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a-0.00042+0.004513-0.0067 ... (14) a=-4x10-51340.00111+0.0099 ... (15) (100 nm<L<120 nm)
When the total film thickness L is in a range of more than 100 to less than 120 nm, based on the
regions which satisfy the conditions of the individual parameters shown in Figs. 19 and 20, the region
surrounded by the following formulas (15) to (19) satisfies the conditions of the individual parameters.
ae-4x105132+0.001P+0.0099 ... (15) a=0.009403 ... (16) a=-0.0003P2+0.0074P+0.0033 ... (17)
a=-0.00102+0.0191P-0.0422 ... (18) a=-981055132+0.001513+0.0084 ... (19)

As a method for forming the reflective layer 3, for example,
a sputtering method, a deposition method, a chemical vapor
depcsition (CVD) method, a dip coating method, a die coating
method, a wet coating method, and a spray coating method may
be mentioned, and among those film-forming methods, a
preferable method is appropriately selected in accordance
with the shape of the structure 4c or the like. HNext, as
shown in Fig. 12B, 1f necessary, an annealing treatment 31
iz performed on the reflective layer 3. The temperature of
the annealing treatment is in a range, for example, of 100°C
To 250°C.

Next, as shown in Fig. 12C, an uncured resin 22 is
applied on the reflective layer 3. As the resin 22, for
example, an energy ray curable resin or a thermosetting
resin may be used. As the energy ray curable resin, an
ultraviolet curable resin is preferable. MNext, as shown in
Fig. 13A, a laminate is formed by placing the second base
member 5a on the resin 22. Next, as shown in Fig. 13B,
while the resin 22 is cured, for example, with irradiation
of energy rays 32 or heat application 32, a pressure 233 is
applied to the laminate. As the energy rays, for example,
electron rays, ultraviclet rays, visible rays, gamma rays,
or electron rays may be used, and in view of production
facilities, ultraviolet rays are preferable. An accumulated

irradiation amount is preferably selected in consideration
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(120 nm<L<140 am) When the total film thickness L is in a range of more than 120 to less than
140 mm, based on the regions which satisfy the conditions of the individual parameters shown in Figs.
20 and 21, the region surrounded by the following formulas (20) to (23) satisfies the conditions of the
individual parameters. a=0.007709 ... (20) a-0.0014[32+0.013613-0.0027 ... (21)
P-10,132a2-241.39a+4.747 ... (22) a-0.0001132+0.004+0.0074 ... (23) (140 nm<L<160 nm) When
the total film thickness L is in a range of more than 140 to less than 160 nm, based on the regions
which satisfy the conditions of the individual parameters shown in Figs. 21 and 22, the region
surrounded by the following formulas (23) to (28) satisfies the conditions of the individual parameters.
a=-0.00042+0.002Pt0.0074 ... (23) , , ,

of curing properties of the resin, suppression of yellowing

of the resin and the base members, and the like. The

pressure applied to the laminate is preferably in a range of

0.01 to 1 MPa. When the pressure is less than 0.01 MPa,

travelling performance of a fiilm may cause a problem. On

the other hand, when the pressure is more than 1 MPa, a

metal roll is necessarily used as a nip roll, and pressure

irregularity may be liable to be generated. Accordingly, as

shown in Fig. 13C, the seccond optical layer 5 1s formed on

the reflective layer 3, so that the optical film 1 is

obtained.

By using the manufacturing apparatus shown in Fig. 10,

a method for forming the optical film 1 will be particularly

described. First, the second base member 5a is fed from a

base member supply roll {(not shown), and this second base

member 5a thus fed is allowed to pass under the coating

device 45. WNext, an ionizing ray curable resin 44 1is

applied by the ccating device 45 con the second bhase member

5a passing thereunder. Next, the second base member >a on

which the ionizing ray curable resin 44 is applied is

transported to the laminate rolls. On the other hand, the

optical layer 9 provided with a reflective layer is fed from

an optical layer supply roll (not shown) towards the

laminate rolls 41 and 42.

Next, the second base member 5a and the optical layer 9



a=0.006523 ...(24) a=-0.005P2+0.0273P-0.0145 ... (25) a-0.00442-0.0334+0.07 ... (26) P=2.875 ...
(27) a=-0.00042+0.0025P+0.0062 ... (28) (160 nm<L<180 nm) When the total film thickness L is in
a range of more than 160 to less than 180 nm, based on the regions which satisfy the conditions of the
individual parameters shown in Figs. 22 and 23, the region surrounded by the following formulas (28)
to (32) satisfies the conditions of the individual parameters. a=-0.0001P2+0.0025P+0.0062 ... (28)
a=0.005676 ... (29) a=-0.0103P2+0.047P-0.0322 ... (30) a=0.0093112-0.0677P+0.1212 ... (31)

provided with a reflective layer, which are transported, are
held between the laminate rolls 41 and 42 so that air
bubbles are not trapped between the second base member Dba
and the optical layer 9 provided with a reflective laver,
and the optical layer 9 provided with a reflective layer is
laminated on the seccnd base member 5a. Next, while the
second base member Sa on which the optical layer 9 provided
with a reflective laver is laminated 1g transported along a
peripheral surface of the laminate roll 41, the ionizing ray
curable resin 44 is cured by irradiation of ionizing rays
from a second base member 5a side using the irradiation
davice 46. Accordingly, the second base member 5a and the
optical layer 9 provided with a reflective layer are adhered
to each other with the ionizing ray curable resin 44
interposed therebetween, so that the targeted long optical
film 1 is formed. Next, the belt-shaped optical film 1 thus
formed is wound by a winding roll (not shown). As a result,
an original fabric formed by winding the belt-shaped optical
film 1 is obtained.

When the process temperature for forming the above
second optical layer is set to t°C, the cured first optical
layer 4 preferably has a stcorage modulus of 3x10" Pa or more
at (£-20)°C. In this case, the process temperature t
indicates, for ezample, a heating temperature of the

laminate roll 41. Since the first optical layer 4 1s
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a-0.00042+0.0030+0.0046 ... (32) Next, besides the visible light transmittance, the blueness index,
and the redness index, the case in which the shielding factor is used as the parameter will be
described. Fig. 32B shows a graph in which when the visible light transmittance, the blueness index,
the redness index, and the shielding factor are used as the parameters, regions which satisfy the
conditions of the individual parameters are mapped on the same plane. In this example, the regions at
total film thicknesses L of 160 and 180 nm are shown. As shown in Fig. 32B, when the regions at
the specific total film thicknesses L adjacent to each other are mapped on the same plane, a region in
which the two regions are overlapped with each other is formed. In this case, the overlapped region
can be defined’as acregforr whichrsatisfies thercontliticrns bbte ngividyal Faraitéters. The overlapped
region can be determined based on the approximated. curyes forming. the respective regions. In
addition, wheh thBTotal filr thic n%% is H'a1ange b lrriorlé hgﬁ%]bt% %sg%ﬁgg é@aﬁr%, even if the

regions whigh, satisfy the condifions.ofitheiadividual parameterssshown inFigs; 24 and 25 are mapped
on the same plane, no overlapped region therebetween is present; hence, the region which satisfy the
conditions ofithe individuahpararhetersnyeyr potiye detaradinéd byrthisiretiod. 198 nm<L<100 nm)

When the total film thickness_L is in a range of more than 90 to le %tlgan 100 nm, based on the
regions which §&tis% thetondftions of the iﬁ&ﬁ/%%%%?ﬁ&%te%—%o\/v% in Figs 75 8k 26, the region

surrounded hythesfallawing.formulas (1), (14),(15)and (35) satisfies the corditions of the individual
parameters. a=-2x10-5152+0.0006P+0.0112 ... (11)

layer 4 is set to 3x107 Pa or more, the concavo-convex shape
of the interface inside the optical layer can be suppressed
from deformation caused by heating with or without pressure
application.

In addition, the first optical layer 4 preferably has a
storage modulus of 3x10° Pa or less at 25°C. Accordingly,
flexibility can be imparted to the optical film at room
temperature. Therefore, the optical film 1 can be formed by
a manufacturing process, such as a roll-teo-roll process,.

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

[Setting of Thickness of Reflective Layer]

As described above, the blueness index value and the
redness index valus indicating the color tones of blueness
and redness, respectively, change in accordance with the

film thicknesses of the individual layvers of the laminated
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a=-0.00042+0.0044-0.0067 ... (14) a=-4x10-5P2+0.001P+0.0099 ... (15)
a=-1x10-132+0.0002P+0.0125 ... (35) (100 nm<L<120 nm) When the total film thickness L is in a
range of more than 100 to less than 120 nm, based on the regions which satisfy the conditions of the
individual parameters shown in Figs. 26 and 27, the region surrounded by the following formulas (15),
(18), (19) and (36) satisfies the conditions of the individual parameters. a=-4x10-5P2+0.001P+0.0099
... (15) a=-0.0014P2+0.0191P-0.0422 ... (18) a=-9x10-5P2+0.0015P+0.0084 ... (19)
a=-3x10-5P2+0.0004P+0.0113 ... (36) (120 nm<L<140 nm) When the total film thickness L is in a
range of more than 120 to less than 140 nm, based on the regions which satisfy the conditions of the

individual parameters shown jn Figs. 27 and 28, the region surrounded by the following formulas (19),
elers shown i Figs 27 and 26, he 1o ded by the fol

(22), (23), and atisfiest lecc tiffons Sfthe individual parameters® a2 ox{0-135%0.0015P+0.0084

. (19) P=10513202+24139a+4.144n+ {22) 3570,00042H0Q02R+Q0044 5.{d3)k value
a=-7x1025P2+0.0007P+0.0097 ... (37) (140 nm<L<160 nm)  When the total film thickness L is in a

range of merelthare146dodess thaiek60 abychasedoen theregions Which satisfy the conditions of the
individual parameters shown in Figs. 28 and 29, the region surrounded by the following formulas (23),

(26), (28), (27) 2lier (38) FatisfiEs 16 OAITONS ofthe indivituaF pararhgters o1y =°=

conditions of the parameters.

In addition, in this example, besides the blueness
index and the redness index, the film thickness of the
laminated film is set by using the visible light
transmittance and the shielding factor as the parameters.
The visible light transmittance is a parameter indicating
the transmittance cf light and is preferably 70% or more.
The shielding factor ig a parameter indicating the
efficiency of shielding heat and is preferably 0.6 or less.
As In the case of the bluesness index and the redness index,
the visible light transmittance and the shielding factor
also change in accordance with the film thickness of the
laminated film.

The film thicknesses of the individual layers of the
laminated film which satisfy the conditicon of each parameter
can be calculated, for example, by simulation. The film
thicknesses which satisfy the condition of each paramster
can be set, for example, when the distributicn of each
parameter with respect to the film thickness iz cbtained by
the simulation.

When the simulation is carried out, a ratio o and a
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a-0.0001132+0.004+0.0074 ... (23) a=0.0043P2-0.0332P+0.07 ... (26) a-0.00042+0.0024+0.0062 ...
(28) P=2.875 ... (27) a=-0.0001P2+0.0011P+0.0083 ... (38) (160 nm<L<180 nm) When the total
film thickness L is in a range of more than 160 to less than 180 nm, based on the regions which satisfy
the conditions of the individual parameters shown in Figs. 29 and 30, the region surrounded by the
following formulas (28), (30), (32), (39), and (40) satisfies the conditions of the individual parameters.
a-0.00042+0.002513+0.0062 ... (28) a=-0.0103P2+0.047P-0.0322 ... (30)
a-0.0003132+0.0030+0.0046 ... (32) a-0.00042+0.001613+0.0067 ... (39)
a=-0.00042+0.0021P+0.0055 ... (40)

ratio [} which are determined in accordance with the film
thicknesses of the individual layers of the laminated film
of the reflective layer 2 are used. The ratio o indicates
the ratio of the optical film thickness of the entire metal
layers to that of the entire high refractive-index layers.
The ratio P indicates the ratio of the optical film
thickness of the third high refractive-index layer to that
of the first high refractive-index layer. Incidentally, the
optical film thickness indicates a film thickness obtained
by multiplying the refractive index and the geometric film
thickness.

When the optical fiim thicknesses of the first and the
fifth high refractive-index lavers are each repressnted by
X1, the optical film thickness of the third high refractive-
index layer is represented by X2, and the optical film
thicknesses of the second and the fourth metal layers are
each represented by Y, a total film thicknsess L in terms of
the optical film thickness, the ratio o, and the ratio P are
calculated by the following formulas (2} to (4).
I=XI4Y+X2+Y+X1 ... (2]
=2/ (ZX14K2Y ... (3
B=X2/X1 ... (4)

When the total film thickness L, the ratic ¢, and the
ratio P are obtained based on formulas (2) to (4), the film

thicknesses of the individual layers of the laminated film
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According to the first embodiment, when the region which satisfies the conditions of the individual
parameters is determined with respect to the ratio a and the ratio p determined in accordance with the
film thicknesses of the individual layers of the reflective layer 3, and the film thickness of the reflective
layer 3 is set so that the ratio and the ratio p are included in this region, the change in color tone can
be suppressed. <Modified Examples> Hereinafter, modified examples of the above embodiment
will be described. [First Modified Example] Fig. 33A is a cross-sectional view showing a first
modified example according to the first embodiment of the present invention. As shown in Fig. 33A, an
optical film 1 according to this first modified example has an incident surface Si having a
concavo-convex shape. The concavoconvex shape of this incident surface 51 and a concavoconvex
shape of a st OBHICAT (YT 4 416 foHHE, Tor EXAMIpIE: SbIhat e coNBAUG-EBAvY shapes thereof

may correspond tg.eagh-other..and the position of the vertex of each convex portion and the position
of the bottom of each concave portion of the incident surface 31 coincide with those of the first optical

layer 4. The conchvotdéornvexushapeofthe indidentsurface Sk isvpreferably gentérctivan the
concavo-convex shape of the first optical layer 4. [Second_Modified Example] Fig..338 is a

cross-sectioRalvigw sHowingta Se&sid MOdifEd BXAMIE &&Eofding To tHe firdtEmbodiment of the
present inventien -As shown.inFig. 338, in an opticalfiim 1 according to thisisecond modified

example, the position of the vertex of each convex portion of a concavo-convex surface of a first
optical layerayem whidls acrefleotive kayer Jisifokrmedds formed iahaveé atheightapproxiately
equivalent to the height of an incident surface 51 of the first optical layer 4. <2. Second Embodiment>

Figs. 34A téjslf% &re \Fi‘éﬁ/s%we%_d}\ﬁ%gl&ﬁ Bxarmple BF fie Eﬁﬁcﬁﬁ@ of diroptical film according to a
second embodiment.of.the preseptinventiop. |n.the, second.embodimpent, elemenis-corresponding to

those in the first embodiment are designated by the same reference numerals as those in the first
embodiments Inthe second enthodiment, structutes 4eare buachaengicnally=arkargedin one primary
surface of a first optical layer 4, and this is a point different from that of the first embodiment. The
two-dimen<iondl arffandérnéft s preférably 8o dimstisioral ‘dirdrigerment-fa Rlosestpacked state.

The reasoryfor fhis s that e dicectional reflectance can be Improved, ;) p; cxness =
in a direction perpendicular to the inclined surface of the
structure 4c¢, the relationship of "A=B/cosB" holds. For
example, when the angle 6 of the inclined surface ¢f the
structure 4c is 54°, "Ax1.7B" holds.

One example of a process flow to determine the film
thicknesses which satisfy the condition of sach parameter
will be described with reference toe a flowchart shown in Fig.
15. First, in order to perform the simulatiocon in the case
in which the film thicknesses of the individual lavers of
the laminated £ilm of the reflective layer 2 are changed,
the conditions shown in Steps S1 to 35 are set., In Step 381,
the total film thickness L of the laminated film is set. In
Step 82, the inclined angle of the shape of the laminated

film is set. 1In Step 83, the thickness distribution of the
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As shown in Figs. 34A and 34B, for example, one primary surface of the first optical layer 4 is formed
so that columnar structures (pillar shaped structures) 4c are arranged to orthogonally intersect each
other. In particular, first structures 4c arranged in a first direction and second structures 4c arranged in
a second direction perpendicular to the first direction are arranged so as to penetrate each other
through side surfaces thereof. For example, the columnar structure 4c is a convex portion or a
concave portion having a columnar shape, such as a prism shaper (Fig. 34A) or a lenticular shape
(Fig. 34B) or a convex portion or a concave portion thereof in which a vertex of the column has a
polygonal shape (such as a pentagonal shape (Fig. 340). In addition, for example, structures 4c
each having a ,spherical shape or a corner cube shap y. be two-dimensionally arranged in one
primary surj?ggé %‘F uea%rz]%%%légl I%?/ef‘ lzeln(iefI %Iéggﬁp;él%eﬁ state Eé%g;is t?%rr%yg%lc%s%’-packed array,
such as a squareclese-packed anay. a delta-gloseipacked-array, 1or:a hexagenakclese-packed array.
As shown in Figs. 35A to 350, for example, the square close-packed array is formed by arranging
structures 4¢ gach having aquatirangular bottom satface (Sudhds a'squaresshape)sn a square
close-packed state, that is, in asmaggié stateﬁ(g I&tticr?dstg%eg. Eor example, as shown ig Figs. 36A to

36C, the héXagonal Close-packed artayi§ forméd BY arranging structurasac85ch having a hexagonal

bottom surface inig hexagonal close-packed-state, For exampleras shouaindrgsn37A and 37B, the
delta close-packed array is formed by arranging structures 4c each haying a triangle bottom surface
(such as a tramgularpyrasaid) imatlesestPackedSstateind Tie stadstaredcdsialconvex portion or a
concave portion of a corner cube shape, a hemispherical shape, a semij-ellipsoidal shape, a prism

shape, a cyIfidHEaFShape, & freeSform sHape, % F8ygbnal'shabe, % EEnicAl §H&5e, a pBlygonal
pyramid shapgpadruncated 999@@@%%@@%9@&%&?@ shape,ordbe liker Thepottom of the
structure 4c has, for example, a circular shape, an elliptical shape, or a polygonal shape, suchasa -
triangular shaper atguadiangula: shapet achexagoral shapé, or-ar ostagonal :shapecAdgitch P1 and a
pitch P2 of the structure 4c are preferably aEEropriately selected in accordance with desired optical

properties. ¥t addfioit wHer-tHe BrifRfy Bxis'6f e SrG@ure aé i€ fhclindd it Respect to the normal
orthogonal tg an/ncident sutface of an optical fim L, it.s prefergble.tha the primary axis of the
structure 4c is inclined in at least one arrangement direction of the two-dimensional arrangement of the
structures 4c: Whenttbe optical filned is Bdhered oncandirdovirmateriat attangeedtinea direction
approximately perpendicular to the ground, it is preferable that the primary axis of the structure 4c is
inclined to & I6Wer iieist e wingdw hatéfial(ground side) with respect to the normal.  When the
structure 4c has alﬁog{eer cube;sh e,CiRgI[iéi #”@n% is large, the primary axis.is praferably inclined
skyward, and in order to guppr‘e’ss ownward reflection, the primary axis is preferably’inclined to the
ground side.rsinee heing obliguelydacident pa a fim,wsunlight isspetlikedy to reackhythe, back of the
structure, and hence, the shape thereof at an incident light side is important. That is, when R of a
ridgeline parfien i§ fargenthesaffount of rérreflettidn lightis’décreaséd, &qd hience, by inclining the
primary axis skywayd, his phenomenon canbe suppressed. In.addiion. indhe comer gube body, when
reflection is” per ormeéi three times at a reflection surface, the Tetroreflection can be reeﬁized; however,
light partially leaksin asdisgctionothasdhan thatoidhedgtnorefiection-when sefleqtionsis performed twice.
By inclining the corner cube to the ground side, a large part of this leakage light can be returned
skyward. A8 deseribéd abhovkl irascereaned with #hie shipe antfor thechirposEciie primary axis may
be IndmedE‘“’lc?QY dllr&gtlgg' %%DThlil_’geEr&QBdlcrg?:rJ}tgiation diagram showing the

distribution cof each parameter to the ratio o and the ratio

B is formed. Fig. 16A shows the distribution of the visible

light transmittance to the ratio o and the ratio . Fig.

168 shows the distributicn of the shielding factor to the

ratio o and the ratio B. Fig. 16C shows the distribution of



Fig. 38A is a cross-sectional view showing one structural example of an optical film according to a
third embodiment of the present invention. In the third embodiment, elements corresponding to those
in the first embodiment are designated by the same reference numerals as those in the first
embodiment, and descriptions thereof are omitted. In the third embodiment, reflective layers 3 inclined
to the incident surface on which light is incident are included in an optical layer 2 and are arranged in
parallel to each other, and this is a point different from that of the first embodiment. Fig. 38Bis a
perspective view showing one example of the structure of the optical film according to the third
embodiment of the present invention. Structures 4c are each a convex portion of a triangular column
extending iftene tirectien anddare ane-dimersionally ammangeddn omneidirgctiors Ay craséesection of the
structure 4c perpendicular to the extending direction has, for example, a right triangle shape. On the
inclined suffaclofthe sttRfre Mt 4Can akutd' angRASIaE Sthefetfective Tayfer3isiforMed, for example,
by a thin filarpﬁ%?rﬁggvrggthoo such as a deposition method or a sputtering method, having directivity.
According to the't ird embo iment, a plurality of reflective layers 3 is arranged in parallel in the optical
layer 2. Accordingdethis: structure, the humberob feflectionsdey-therreflective layer 3 can be reduced
as compared to that in the case in which the structure 4c having a corner cube shape or a prism shape
is formed. Fehdé - fiidreffectatde Bar Pedhereasede ahdaRe absafstich BRliGHREbY e reflective layer 3
can be reduced. <4. Fourth Embodiment> In a_fourth.embaodiment,. light having a.specific
WaveIengtﬁ;?srgi%gttl:olnoéﬂygrjéﬁggt%%, |8ﬁt ﬁg\ﬁﬁg %a\,ﬁ{,“&%ﬁaths%{ﬁ’é? tﬁ”ar?] %ae%lpé%lfigs \i/?%%élength is
scattered, ard this is @point differgnt frem, that et the-first embodiment..An pptical film 1 includes a
light scattering material scattering incident light. This scattering material is provided, for example, at at
least one of piHicestipeated A Bosurtaceof.af opticalaydi 21 inthefoptival fayey Z 6t between a
reflective layer 3 and the optical IaX%r, Z.dThe Iigh% scattgrérng material.is rgLeragly provided at at least
one of plac 29684tet bétveet the retiective Fayer13gan afirst oﬁﬁgajd (fayer f,“in tﬁé—f first optical layer
4, and on the surface thergof, When, being;adhered to;a suppert smember,such-as gawindow material,
the optical film 1 may be applied to either an indoor side or an outdoor side. When the optical film 1 is
adhered toithe utdeori sidex a light stattering fideérial Scattéring light having aiwavelength other than
the specific wavelength is preferably provided only between the reflective layer 3 and the support

member, sGERES Wikddw mAtRrialTH kasoh for HisTls that Whéh the fightSchtterifiy material is

present betyween the.reflective Jayer.3 apd.an ingident suxface, directional reflection properties are lost.
In addition, when the optical film 1 is adhered to the indoor side, the light scattering material is

preferably provid&ddetweendhé reflectivestayen 3chrrd;anremiskion sirfaceloppasite toithe adhesion
surface. , . . -
Figs. 162 to 18D are overlapped with each other, a region 1n
which the conditicns of all the parameiers are satisfied is
extracted. Fig. 16E shows the state in which the o-f
correlation diagrams shown in Figs. 16A to 16D are
overlapped with each other. In Fig. 16E, a reglon other
than the regions shown by hatching 1s extracted. This
region is a region which satisfies all the conditions of the
parameters. That 1s, the region which satisfies the
condition of each parameter 1s a region surrounded by

boundary lines between a region in which the condition of

each parameter 1s satisfied and a region in which the
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Fig. 39A is a cross-sectional view showing a first structural example of the optical film 1 according to
the fourth embodiment of the present invention. As shown in Fig. 39A, the first optical layer 4 contains
a resin and fine particles 11. The fine particles 11 have a different refractive index from that of the
resin which is a primary component of the first optical layer 4. As the fine particles 11, for example, at
least one type of organic particles and inorganarticles may be used. In addition, hollow fine particles
may also be used as the fine particles 11. As the fine particles 11, for example, inorganic particles,
such as silica or alumina, or organic particles, such as a polystyrene, an acrylic resin, or a copolymer
thereof, may be mentioned, and silica fine particles are particularly preferable. Fig. 393 is a

cross-sectional view shO\%ing a second structural exartnple gf thf. optical film 1 according to the fourth
embodimehtafthe Sresent fiention” ASSHown i Big- 392" thie dptical film 1 further includes a light

diffusion layer 12;@p the, sueace of the first opticallaver 4-dhelight diffusian layes,12 contains, for
example, a resin and fine particles. As the fine particles, the same patrticles as those described above

may be usedzmplEig. B96ds aecosssictionakbdew sHdwingcaithird: structuraliexample of the optical
film 1 according to the fourth embodiment of the present invention. As shown in F{!I% 390, the optical

film 1 furth&Fnciidesa IRRE drflsTER a1 12 etweeh he Tefletfive Byer B dnd the first optical layer
4. The light diffusion layer 12 contains, for-example, aJgsin.and fing particlesAs;the fine particles, the

same patrticles as those described above may be used. According to the fourth embodiment, light,
such as inftaregdight thaving:aispécific wavetengthwaiche directiomalytreflected, ssnchlight, such as
visible light, having a wavelength other than the specific wavelength, can be scattered. Therefore,

when the GYHEAIIRE 1 id ndlde clbtitied Aedescibda A0S deRififcratabirficEmaybe imparted
thereto. <5, Fiith Embodimelys, , ; F9. 404 158 gross-sectiona] view showing opg.structural example

of an optical film according to a fifth embodiment of the present invention. In"the fifth
region in which the condition of each parameter is satisfied

can be determined.

The region in which the condition of each parameter is
satisfied with respect to the ratic o and the ratioc B will
be particularly described. First, the case in which the
visible light transmittance, the blueness index, and the
redness index are used as the parameters will be described
for respective total film thicknesses L of the reflective
layer 3.

{(L=80 nm}

Fig. 17 shows an o-fB correlation diagram based con the
conditions of the wvisible light transmittance, the blueness
index, and the redness index at a total f£ilm thickness L of
80 nm. In Fig. 17, a point "®" and a point "4&" each
indicate a predetermined point on the boundary line between
a region in which the condition of the blueness index 1is

satisfied and a region in which the condition of the



embodiment, elements corresponding to those in the first embodiment are designated by the same
reference numerals as those in the first embodiment, and descriptions thereof are omitted. As shown
in Fig. 40A, in an optical film 1 according to the fifth embodiment, a concavo-convex surface of an
optical layer 2a is not embedded with a resin material, and a reflective layer 3 formed on the
concavo-convex surface of the optical layer 2a is exposed; hence, this is a point different from that of
the first embodiment. The optical film 1 has an incident surface Si having a concavoconvex shape on
which light, such as sunlight, is incident and an emission surface 32 from which, of light incident on
this incident surface Si, light transmitting the optical film 1 is emitted. If necessary, the optical film |
may furtheg include 3 hase-member:2b on:the enissionsurface. 32 wf the.apticaldayer 2a. In addition, if
necessary, the optical film | may further includes a bonding layer 6 and a peeling layer 7 on the
emission shifade Bcotithecoptical tayer Za:6r ontheibage mamber e A theGistical ldyer 2a and the
base membﬁr‘ 2b, ngembersds.i(tnilar to qﬂrst op jcal layer é and.the be%se glergber %a in the first
embodimen r%%y be ﬁsga?relsple%ﬁvgly. - eFi"?:g. OBS a Eross-sectional Yc’/lej\‘/\?shg\?vlngaone example in
which the qptical film acgerding ta dhe fifth embadiment, of thespresent invention is adhered to an
adherend. As shown in Fig. 40B, the emission surface 52 of the optical film 1 is adhered, for example,
to an adherertdi $0a svith thebéndinglldyers6 interposet:therebetweam: As the adhérend10a, a window

material, a blind, a rolling screen, a pleated screen, or the like is }(efe,rable. .. According to the fifth
embodiment: $indd e concavoeonveX stiffate of thé dptical fayer 2a 6n whith'the refidttive layer 3 is

formed is used as the incident;surface, Sk, some ofincident light-is scaftered by the ipcident surface Sl,
and some of light which is no scattered transmits the optical film 1. Hence, an opaque optical film 1

can be obtainedraltiiougtvtheibrightness of.dight.cam be sensed by-mcident light.cThes optical film 1
having properties as described above is preferably used, for example, for an interior member, an
exterior metber: br airiheolation SHieking member: €Hch SFwich s uséd 16 Pretect personal privacy,
and more particularly, for,a. window material, a hlind, a rolling,sgreen, a;pleated:screen,.qr the like. <6.
Sixth Embodiment> Fig. 41 is a cross-sectional view showing one

will be described below, the above pcints also have the same

meanings as those described above.

Based on the points on the boundary lines cof the
individual parameters plotted in the o-B correlation diagram,
the approximated curves of the boundary lines of the

individual parameters shown by the following formulas (%) to

{7) are obtalined.

o=-0.0004B*+0.0053B+0.0065 ... (5)
o==1x107°B*+0.0007P+0.0066 ... (6)
a=-1x107°B*+0.0005B+0.0119 ... (7)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (5)
to (7} and a stralgnht line shown by the following formula
(8) is a region in which the conditions of the individual

parameters are satisfied. The formula (8) 1s set in order
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structural example of an optical film according to a sixth embodiment of the present invention. In the
sixth embodiment, a self-cleaning effect layer 51 having a cleaning effect is further provided on an
exposed surface, which is one of an incident surface Si and an emission surface S2 of an optical film
1, opposite to a surface adhered to an adherend, and this is a point different from that of the first
embodiment. The self-cleaning effect layer contains, for example, a photocatalyst. As the
photocatalyst, for example, TiO2 may be used. As described above, the optical film 1 allows
incident light to partially transmit therethrough. For example, when the optical film 1 is used outdoors
or in a very dirty room, light is scattered by dust attached to the surface of the optical film 1, and
transmission proPertie%anereggct(i:?{% ggosp%rge%%gereo{ V\ﬁi” Pe lost; hence, the surface of the optical

film 1 preferably mMAtainS Optically fransparancy &t Ay fime.- Therefore it is prferable that the

surface is excellent dar example, inwateksepelient or hysrephilic properties ancdsautpmatically exhibits
a cleaning effect. According to the sixth embodiment, since the optical film 1 includes a self-cleaning
effect layertsiE, f6L example; \wwater-repelient oriyadrephilicproperties carrbe impartethto the incident
surface. Therefore, adhesion of stains or the like to the incident surfq70e is suﬁp ressed, and

degradatioR T AfEELSTal FefiBcliar properties tante sipprébsed; <7%8alefth Embodiment> In the
first embod@ﬂ%g@éthgﬁ@%@% Gase-inwhich the -present invention:is applied, for.example, to a
window material is described by way of example, the present invention is not limited thereto and may
also be applieghtocarvinterion member, an exterior member, or the like other than the window material.
In addition, besides fixed interior members and exterior members, such as walls and roofs, the present
invention n?’afyoalgé%elépplied tda device which can introduce sunlight into a space, such as a room,
by moving qﬂg@t@ri%member or an exterior member to adjust a transmission quantity and/or a
reflection quantity of sunlight in accordance with the change in light quantity of sunlight caused by the
change in seasorsignd timeshdra seventf embadimeant cas ohegexampleseitherdeviee described
above, an insolation shielding device (blind device) will be described which is able to adjust a shielding

quantity of fifdidertiight bS chaifying He afglel6an insolaion Shefding MEMBEr§réEs including a
plurality of insglaion shielding membets. ; ., s F19..42 IS a perspective vigw showing onesstructural

example of a blind device according to the seventh embodiment of the present invention. As shown in
Fig. 42, a blind-devicer 201 avhieh is: an-insalation shieldingdeviee includes atead-hax 203, a slat
group (insolation shielding member group) 202 formed of a plurality of slats (feathers) 202a, and a
bottom rail 204. Fhe Head ok 20378 provided Petveen a region in which the

condition of the wisible light transmittance is satisfied
and a region in which the condition of the visible light

transmittance is not satisfied are outside the region shown
by hatching, the peints are not shown in the figure. Based
on the points on the boundary lines of the individual
parameters plotted in the o-f correlation diagram, the

approximated curves of the boundary lines of the individual

parameters shown by the following formulas (8) to (ll) are

obtained.

a=-0.0002Bp%+0.0039B+0.0087 ... (9)
o=-3x107"B%+0.0014p+0.0038 ... {10)
a=-2x107°B%+0.0006R+0. 0112 ... {(11)



above the slat group 202 formed of a plurality of slats 202a. From the head box 203, a ladder code
206 and an up-and-down code 205 extend downward, and the bottom rail 204 is suspended at the
lower ends of these codes. The slats 202a which are insolation shielding members each have, for
example, a long and narrow rectangular shape and are suspended and supported with predetermined
intervals by the ladder code 206 extending downward from the head box 203. In addition, an operation
unit (not shown), such as a rod, for adjusting the angle of the slat group 202 formed of a plurality of
slats 202a is provided in the head box 203. The head box 203 is a driving unit which adjusts the
guantity of light introduced into a space, such as a room, by rotating the slat group 202 formed of a
plurality of slats @2atiﬂ response t% tq% oPgratiS%no%f tgg o%ear@ti n unii&N %ulccl}]as a rod. In addition, the
head box 203 also furictions 88 a’drlving%nlfl(up-'ana- n-uni ofngpproprlatelly moving the slat group
202 up and:dewn.n despense: ta-the-eperatipn-ef-an-aperationunih sugh as:an.up-andsdown operation
code 207. Fig. 43A is a cross-sectional view showing a first structural example of the slat. As
shown in Figp 484, thestht202a incllides:a basemember 2d1eake ancoptical fikim1 Of the two primary
surfaces of the base member 211, the optical film 1 is preferably provide at an incident surface side
(for example’ Sa)si%ié fﬁ‘ciﬁa%lﬁ?n&onw‘"r%hét%bia5£§n W ?c%lgﬁt%sorﬁ?gh{t %%ein%f%lﬁv#]%anqthe slat group
202 is closed . Lhe opticalfilm 1 andthe-base mamber-211 are bonded togach-otherfor example,
with a bonding layer, such as an adhesive layer or a tacky layer.  As the shape of the base member
211, for example; sy shéet; adilnd; br anplate shapedmay be mentiened. sAg atmatearial for the base
member 211, for example, a glass, a resin material, a paper material, or a cloth material may be used,
and in consiGErativRST ififfodubtior? bf vigibie light into a predetermined space, such as a room, a resin
material haying, iansparency is pegferably used. As a glass, a resin material, a paper material, or a
cloth material, a material which is commonly used as a related rolling screen may be used. As the
optical film 1.4 optical films 1 according to the first to the sixth embodiments may be used alone or
in combination. _ Fig. 43B is a cross-sectional view showing a second structural example of the slat.

As shown in Fig. B38; in this §8tenatiicturaP 8Xample, dh OpREAITHIT E R His6q aS thie slat 202a. Itis
preferable that e optical iim.§ cap.he suaparted by,the ladder.code 206,and has figidty so as to

maintain its shape while being supported. <8. Eighth Embodiment> In an eighth embodiment, a rolling
screen devicedwi, and the redness index at a total film thickness L of

100 nm. In addition, in Fig. 19, since predetermined points
{tz, ) on the boundary line betwsen a region in which the
condition of the visible light Zransmittance is satisfied
and a region in which the condition of the visible light

transmittance 18 neb satisfied are outside the reglon shown
by hatching, the points are not shown in tThe figure. Based
on the points on the boundary lines of the individual
parameters plotted in the o-f correlation diagram, the
approximated curves of the boundary lines of the individual

parameters shown by the following feormulas (13) to (13) are

obtained.
a=-0.0002B°+0.0055B+0.0057 ... (13)
o=-0.0002B°+0.0045B~0.0067 ... (14)
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be described which is one example of an insolation shielding device capable of adjusting the shielding
guantity of incident light by rolling up or out an insolation shielding member. Fig. 44Ais a
perspective view showing one structural example of the rolling screen device according to the eighth
embodiment of the present invention. As shown in Fig. 44A, a rolling screen device 301 which is an
insolation shielding device includes a screen 302, a head box 303, and a core material 304. The head
box 303 is configured to move the screen 302 up and down by operating an operation unit, such as a
chain 305. The head box 303 has a roller to roll up the screen inside and to roll it out, and one end of
the screen 302 is bonded to this roller. In addition, the core material 304 is bonded to the other end of
the screen 302, The sereen has flexjbility, and the shape thereof is not particularly limited and is
preferably %élé%?e%?rﬁ%écgdr%?%%%ﬁ\/\‘/igghg%(hbz éhépg% )a window material or the like, such as a
rectangular shapenta-which-thezrolling-sereen device 30 isapphedy whiign44B is a cross-sectional
view showing one structural example of the screen 302. As shown in Fig. 44B, the screen 302 includes
a base memiber31idaad an dpticat film Axafd preferably drassexibiliyy Cfakawwdprimary surfaces of
the base memb%)%ll, the optical fihH 1is, greefg{labl rovided & a{}lincident ggg‘g&ﬁgide (side facing

a window mdterial) off Whiéh dutdoot light is mmdéjﬁf}.fL & op ﬁj‘:a%fﬂm T"and'the 6ase member 311 are

bonded to eagh other; for.example; byra bending layer suchas ar adhesivelayergr a tacky layer. In
addition, the structure of the screen 302 is not limited to this example, and the optical film 1 itself may
also be usec: asithé screerr 8022t isAsehe shdpe ofthebase Mhémber 314); forexainple, a sheet, a
film, or a plate shape may be mentioned. As a material for the base member 311, for example, a glass,

a resin matetial & Paper matefiar oF AA5tH hatéifaltiay be 786t and i cSHsideration of introduction

of visible light into. a predetermined, spacg,;such as a room, a resin material having transparency Is
preferably used. As a glass, a resin material, a paper material, or a cloth material, a material which is

commonly us€d @3% telated. rollirig screen may be used. As the optical film 1, the optical films 1
according to the first to the sixth embodiments may be used alone or in combination. <9. Ninth
Embodiments 2% hinth embodiment, an example will be described in which the present invention

is applied to a fitting (aninterQr, membey of an exterior memben) having adighting pertion in which an

optical element having directional reflection properties is provided. Fig. 45A is a perspective view
showing onesstfuctusal sexample<ofa fittinpeaccordingttoatheminthzernbodirhentdftiespresent invention.

As shown in Fig. 45A, a fitting 401 has the structure in which an c?iticaL element 402 is provided in a
lighting portibAZ04. 3 pakticul&E e fitting' 461 ifdudes 1€ bpficalfelchment4D2%and 4 frame member

403 providq_% gl%% the periphery thereof, The qoptig,a;l element 402.is fixed by the frame member 403,

and if necessar e optical element 402 can be removed by disassembling the frame member 403.

As the fitting:401; for. example,although a paper shieldingdoorsuch as adapanese=shoji, may be
mentioned, the present invention is not limited to this example and may also be applied to various
fhﬁngseacﬁ?@ﬁ@ﬁf@%gﬁﬁné&ﬁwﬁéﬁébi@ light rransmittance 1z satisfied

and a region in which the condition of the visible light
transmittance ig not satisflied are outside the region shown
by hatching, the points are nolt shown in the figure. Based
on the points on the boundary lines of the individual
parameters plotted in the a-P correlation diagram, the
approximated curves of the boundary lines of the individual
parameters shown by the following formulas (17) to (12) are
cbtained.

o=-0.0003R*+0.0074B+0. 0033 ... (17}
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Fig. 45B is a cross-sectional view showing one structural example of the optical element 402. As
shown in Fig. 45B, the optical element 402 includes a base member 411 and an optical film 1. Of the
two primary surfaces of the base member 411, the optical film 1 is provided at an incident surface side
(side facing a window material) on which outdoor light is incident. The optical film 1 and the base
member 411 are bonded to each other, for example, by a bonding layer, such as an adhesive layer or
a tacky layer. In addition, the structure of the shoji 402 is not limited to this example, and the optical
film 1 itself may also be used as the optical element 402. The base member 411 is, for example, a
sheet, a film, or a substrate, each of which has flexibility. As the base member 411, for example, a
glass, a reaimn_rga&%'{agﬁa%a}%elrgm Leji_ag,@%a cloth mggerial may be used, and in consideration of
introduction of visible light into a predetermined space, such as a room, a resin material having
transparengy-s prefepably . useds (s a glass, a. resin material, a paper material, or a cloth material, a
material which is commonly used as an optical element of a related fitting may be used. As the optical
film 1, the opticalfiinid 1 acedfding to 15¢ ifst t6 1RE 3N enibsdinishtyhiaybéised alone or in
combination, Examples ., Hereafier although the present inyention wil be, particulgyly described with
reference to examples, thid presen Hventlon i5 Rot limited on y 1o theSe examples. In the following
examples, the opticabproperties-ef ghaminated fimwers,obtainedhbby simulatiparinwhich the
thicknesses of individual layers of the laminated film of a reflective layer 3 were changed. The
simulation Wi pédorméa Usiny an opticahsimifaton Sbftivares "light Feols'®f Optital Research
Associates (aQ:RAgEor each of Iamina%e_d félms %]the foIIowﬂgtﬁg\gﬂple 1-%etg Samgle 7-5, and the

values of the v?srlrbleﬁf:g%tetirra%s?nﬁﬁéﬁcé,et é shie %inng%‘c or, luéfess index, aﬁ%etﬁe redness

index were@btginad:by changing:theJatie a andibefatia p. (Sgmpleial) peing
decreased to 5 nm or less.
o=0.007709 ... (20)
{(L=140 nm)
Fig. 21 shows an a-P correlation diagram based on the
conditicons of the visible light transmittance, the blueness
index, and the redness index af a total film thickness L of

140 nm. In addition, in Fig. 21, since preastermined point

5
(e, By on the boundary Jline between a region in which the
condition of the visible light transmittance 1s satisfied
and & region in which the condition of the visible light
transmitftance 1s not satisfied are outside the region shown
by hatchning, the points are not shown in the figure. Based
on the points on the boundary lines of the individual
parameters plotted in the o-P correlation diagram, the
approximated curves of the boundary lines of the individual
paraneters shown by the following formulas (21) to (23) are

obtained.
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First, it was assumed that high refractive-index layers and metal layers were laminated to form a
laminated film having afive-layer structure. The details of the structure of this laminated film are shown
below. Lamination structure: high refractive-index layer/metal layer/high refractive-index layer/metal
layer/high refractive-index layer Total film thickness L: 80 nm High refractive-index layer: Material:
GAZO Refractive index: 1.936 Geometric film thickness of each of the first and the fifth layers: 6.73
mm Geometric film thickness of the thirdlayer: 56.53 nm Metal layer: Material: AQNdCu Refractive
index: 0.164 Geometric film thickness of each of the second and the fourth layers: 5.0 nm Ratio a:
0.0121 Ratio p: 8.4

o=-0.0014Pp%*+0.0136B-0.0027 ... {(21)
B=10,1320%-241.3%+4.747 ... (22}
o=-0.0001p*+0.002B+0.0074 ... (23)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (Z1)]
to (23} and a straight line shown by the following formula
(24) 1is a region in which the conditions of the individual
parameters are satisfied. The formula {(24) 1is set in orderx
to prevent the thickness of the metal layer from being
decreased to 5 nm or less.
a=0.006523 ... (24)

(L=1¢0 nm)

Fig. 22 shows an o~P correlation diagram based on the
ceonditions of the visible light transmittance, the blueness
index, and the redness index at a total film thickness L of
160 nm. In addition, in Fig. 27, since predetermined points

(e, ) on the boundary line between a region in which the

condition of the visible light transmittance 1s satisfied

and a region in which the condition of the visible light
transmittance ig not satisfied are cutside the region shown
by hatching, the polnts are not shown in the figure. Based

on the points on the boundary lines of the individual
parameters plotted in the o-p correlation diagram, the
approximated curves of the boundary lines of the individual

parameters shown by the following formulas (25) to (28) are
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(Sample 1-2) The laminated film was assumed in a manner similar to that of Sample 1-1 except
that the film thicknesses of the individual layers were changed so that the ratio a was 0.0138 and the
ratio p was 12.4. (Sample 1-3) The laminated film was assumed in a manner similar to that of
Sample 1-1 except that the film thicknesses of the individual layers were changed so that the ratio a
was 0.0138 and the ratio p was 17.9. (Sample 1-4) The laminated film was assumed in a manner
similar to that of Sample 1-1 except that the film thicknesses of the individual layers were changed so
that the ratio a was 0.0155 and the ratio p was 17.4. (Sample 1-5) The laminated film was
assumed in a manner similar to that of Sample 1-1 except that the film thicknesses of the individual
layers wereichanged so that the ratio a was 0.0172 and the ratio p was 14.6. (Sample 2-1) The
laminated film was assumed in a manner similar to that of Sample 1-1 except that the total film
thickness 1:wad -6t 18796 rivd aAbrthe Fiitthickne$2&s of the individual layers were changed so that

the ratio a was Q;0108.and the rafig pyas 4.
B=2.875 ... (27)
o==0.0001p*+0.0025B+0.0062 ... (28)

In this case, a region shown by hatching which is
surrcunded by the approximated curves shown by formulas (25)
to (28) and a straight line shown by the following formula
(29) is a region in which the conditions of the individual
parameters are satisfied. The formula (29} is set in order
to prevent the thickness of the metal layer from being
decreased to 5 nm or less.
g=0.005676 ... (29)

(L=180 nm)

Fig. 23 shows an o—f correlation diagram based on the
conditions of the visible light transmittance, the blueness
index, and the redness index at a total film thickness L of
180 nm. In addition, in Fig. 23, since predetermined points
(z, B) on the boundary line between a region in which the
condition of the visibkble light transmittance is satisfied

and a region in which the condition of the visible light

]

tisfied are outside the region shown

8]

transmittance is not s

L

by hatching, the points are not shown in the figure. Based
on the points on the boundary lines of the individual

parameters plotted in the o-P correlation diagram, the



(Sample 2-2) The laminated film was assumed in a manner similar to that of Sample 2-1 except
that the film thicknesses of the individual layers were changed so that the ratio a was 0.0123 and the
ratio p was 10.6. (Sample 2-3) The laminated film was assumed in a manner similar to that of
Sample 2-1 except that the film thicknesses of the individual layers were changed so that the ratio a
was 0.014 and the ratio p was 7.6. (Sample 2-4) The laminated film was assumed in a manner
similar to that of Sample 2-1 except that the film thicknesses of the individual layers were changed so
that the ratio a was 0.0157 and the ratio p was 1.6. (Sample 2-5) The laminated film was assumed
in a manner similar to that of Sample 2-1 except that the film thicknesses of the individual layers were
changed s (hat the ratiq & was 0.0157 apdthe rafio pwas 9. (Sagple 3:1). -, Thelaminated film was
assumed in a manner similar to that of Sample 1-1 except that the total film thickness L was set to 100

nm and the-filmthieknessescofithesindividuad 1ayers werecchanged sa thatithe ratio aawas 0.0095 and
the

obtained.

o=-0.0103p%+0.047B-0.0322 ... (20)
o=0.0093p*-0.0677p+0. 1212 ... (31)
o=—0.0003p%+0.0036P+0.0046 ... {(32)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (30)
to {(32) and a straight line shown by the following formula
(33} is a region in which the conditions of the individual
parameters are satisfied. The formula (33} is set in order
to prevent the thickness of the metal layer from being
decreased to 5 nm or less.
o=0.00498 ... (33)

Next, besides the above visible light transmittance,
blueness index, and redness index, the case in which the
shielding factor i1s used as the parameter will be described
for respective total film thicknesses L of the reflective
layer 3.

{L=80 nm)

Fig. 24 shows an o-f correlation diagram based on the
conditions of the visible light transmittance, the blueness
index, the redness index, and the shielding facter at a
total film thickness L of 80 nm. In Fig. 24, a point "x"

indicates a predstermined peint on the boundary line between
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ratio p was 4.2. (Sample 3-2)  The laminated film was assumed in a manner similar to that of
Sample 3-1 except that the film thicknesses of the individual layers were changed so that the ratio a
was 0.0122 and the ratio p was 6.6. (Sample 3-3)  The laminated film was assumed in a manner
similar to that of Sample 3-1 except that the film thicknesses of the individual layers were changed so
that the ratio a was 0.0129 and the ratio p was 4.8. (Sample 3-4)  The laminated film was assumed
in a manner similar to that of Sample 3-1 except that the film thicknesses of the individual layers were
changed so that the ratio a was 0.0129 and the ratio p was 7.4. (Sample 3-5) The laminated film
was assumed in a manner similar to that of Sample 3-1 except that the film thicknesses of the

individual layerswete changed sothat the,ratio;a was0.0146 and-the: ratio, was.4.8s (Sample 4-1)
satisfied and a region in which the condition of the
shielding factor is not satisfisd. In Fig. 24, since

predetermined points (o, 8) on the boundary line betwesn

43l

regicn in which the condition of the visible light

transmittance is satisfisd and a regicon in which the

condition of the wisible light transmittances is not

ia

atisfied are outside the region shown by hatching, th

ks

points are not shown in the figure., In Figs. 25 to 30 which
willl be described below, the above point also has the same
meaning as that described above.

In addition to the approximated curves of the boundary
lines shown by formulas {5} teo (7), based on the points on
the boundary line of the shielding factor plotted in the a~f
correlation diagram, the approximated curve of the boundary
line shown by the following formula (34} is obtained.
o=—6x107 PR +0.0002P3+0. 0141 ... (34)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (3]
te (7} and formula {34} is a region in which the conditions
of all the parameters are satisiied.

{(L=920 nm)

Fig. 25 shows an o-B correlation diagram based on the

conditions of the visible light transmittance, the blueness

index, the redness index, and the shielding factor at a



The laminated film was assumed in a manner similar to that of Sample 1-1 except that the total film
thickness L was set to 120 nm and the film thicknesses of the individual layers were changed so that
the ratio a was 0.0094 and the ratio p was 3. (Sample 4-2) The laminated film was assumed in a
manner similar to that of Sample 4-1 except that the film thicknesses of the individual layers were
changed so that the ratio a was 0.0111 and the ratio p was 4.6. (Sample 4-3) The laminated film
was assumed in a manner similar to that of Sample 4-1 except that the film thicknesses of the
individual layers were changed so that the ratio a was 0.0128 and the ratiowas 4. (Sample 4-4)

The laminated film was assumed in a manner similar to that of Sample 4-1 except that the film
thicknesses af the fq(y%ld%&lal@ygéé gv?ze SLhapged so thﬂg the ratjo gp\_/yagl_g.qﬁji%& and the ratio p was
5.8. (Sample 4-5 The laminated film was assumed in a manner similar to that of Sample 4-1

except thatthe-filmpthicknessesrofthe dndividuak |ayers svererchangec-so-that the ratio a was 0.0145
and the ratio p was 3.
between a region in which the condition of the visible light

transmittance is satisfied and & reglon in which the

condition of the vizible light transmittance 1ls not

D

satisfied are ocutside the regicn shown by hatching, the
polints are not shown in the figure. In addition to the
approximated curves of the boundary lines shown by formulas
(9) to (11}, based on the points on the boundary line of the
shielding factor plotted in the a-p correlation diagram, the
approximated curve of the boundary line shown by the
following formula (35) is chtained.
0=~1x107"B*+0.0002B+0.0125 ... (35)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas {9)
te {11} and formula (35) is a region in which the conditicns
of all the parameters are satisfied.

(L=100 nm)

Fig. 26 shows an o-P correlation diagram based on the
conditions of the visible light transmittance, the blueness
index, the redness index, and the shielding factor at a

total film thickness L of 100 nm. In additicn, in Fig.

N2
i

since predetermined points {o, [}} on the boundary line

-

between a region in which tThe condition of the visible Ligl

T
e

transmittance is satisfied and a region in which ths



(Sample 5-1) The laminated film was assumed in a manner similar to that of Sample 1-1 except
that the total film thickness Tr was set to 140 nm and the film thicknesses of the individual layers were
changed so that the ratio a was 0.0065 and the ratio p was 2.4. (Sample 5-2) The laminated film
was assumed in a manner similar to that of Sample 5-1 except that the film thicknesses of the
individual layers were changed so that the ratio a was 0.0082 and the ratio p was 3.8. (Sample 5-3)
The laminated film was assumed in a manner similar to that of Sample 5-1 except that the film
thicknesses of the individual layers were changed so that the ratio a was 0.0099 and the ratio p was
1.6. (Sample 5-4) The laminated film was assumed in a manner similar to that of Sample 5-1

except that the,film thicknesses of the,individual layers were.changed;so that the ratio a was 0.0099
and the ratio p was 4.2. (Sample 5-5) )

satisfied are outside the regilon shown by hatching, the
points arse not shown in the figure. In addition to the
approximated curves of the boundary lines shown by formulas
(137 to {15), based on the points on the boundary line of
the shielding factor plotted in the o-f correlation diagram,
the apprcximated curve of the boundary line shown by the
following formula (36) is cbtained.

oa=~3x107°B%+0. 0004B+0.0113 ... (36)

In this case, & region shown by hatching which is
surrounded by the approximated curves shcwn by formulas (13)
to (15) and formula (36) i1s a region in which the conditions
of all the parameters are satisfied.

(L=120 nm)

Fig. 27 shows an o-f correlation diagram based on the
conditions of the wisible light transmittance, the blueness
index, the redness index, and the shielding factor at a
total film thickness L of 120 nm. In addition, irn Fig. 27,
since predetermined points {&, B) on the boundary line
between a region in which the condition of the visible light
transmittance is satisfied and a region in which the
condition of the wisible light transmittance 1s not
gsatisfiad are outside the region shown by hatching, the
points are not shown in the figure. In addition to the

approximated curves of the boundary lines shewn by formulas



The laminated film was assumed in a manner similar to that of Sample 5-1 except that the film
thicknesses of the individual layers were changed so that the ratio a was 0.0116 and the ratio p was
1.6. (Sample 6-1) The laminated film was assumed in a manner similar to that of Sample 1-1 except
that the total film thickness L was set to 160 nm and the film thicknesses of the individual layers were
changed so that the ratio a was 0.0057 and the ratio p was 2.2. (Sample 6-2) The laminated film
was assumed in a manner similar to that of Sample 6-1 except that the film thicknesses of the
individual layers were changed so that the ratio a was 0.0074 and the ratio p was 3.6. (Sample 6-3)
The laminated film was assumed in a manner similar to that of Sample 6-1 except that the film

thicknesseﬁlof }thg gnqiygi)u’al ﬂ)%yse@ %%etq@r}gggn%%thﬂ tlagéag%gn\/@%gqq% and the ratio p was

1.6. (Sample 6-4) The laminated film was assumed in a manner similar to that of Sample 6-1
except that the film thiekressescafdhepndividial layers avere{changed sa that theagtiara, was 0.0108
and the ratio p was 1.2.
the approximated curve of the boundary line shown by the
following formula (37) is obtained.
a=-7x10°B2+0.0007p+0.0097 ... (37)
In this case, a region shown by hatching which is
surrcunded by the approximated curves shown by formulas (17)
to {19) and formula (37} is a region in which the conditicns
of all the parametears are satisfiled.
(I=140 nm)
Fig. 28 shows an o-B correlation diagram based on the
conditicns of the visible light transmittance, the blueness
index, the redness index, and the shielding factor at a
total fiim thickness L of 140 nm. In addition, in Fig. 28,
since predetermined points (o, B) on the boundary line
baelween a region in which the conditicn of the visible light
transmittance 1s satisfied and a region in which the
conditicon of the visible light transmittance 1s not

satigfied are outside the region shown by hatching, the

point

o

are not shown in the figure. In addition to the
approximated curves of the boundary lines shown by formulas
(21} to (23), based on the peoints on the boundary line of
the shielding factor plotted in the a-B correlation diagram,
the approximated curve of the bcundary line shown by the

following formula (38) 1s cobtained.



(Sample 6-5) The laminated film was assumed in a manner similar to that of Sample 6-1 except
that the film thicknesses of the individual layers were changed so that the ratio a was 0.0125 and the
ratio p was 3.2. (Sample 7-1) -The laminated film was assumed in a manner similar to that of
Sample 1-1 except that the total film thickness L was set to 180 nm and the film thicknesses of the
individual layers were changed so that the ratio a was 0.005 and the ratio p was 1.8. (Sample 7-2)
The laminated film was assumed in a manner similar to that of Sample 7-1 except that the film
thicknesses of the individual layers were changed so that the ratio a was 0.0067 and the ratio p was
3.4. (Sample 7-3) The laminated film was assumed in a manner similar to that of Sample 7-1
except that the filmthicknes gktjj@ ipdividual Iay%rg were changed so that the ratio a was 0.0101
and the ratio p was 2. (Sample 7-4) The Iamma&ed film was assumed in a manner similar to that of
Sample 7-1 exceptthat ke filmdhicknesses of thesindivigualdayerswyete.changed so that the ratio a
was 0.0118 and the ratio p was 1.6.

surrounded by the approximated curves shown by formulas (21)
to (23) and formula (38) is a region in which the conditions
of all the parameters are satisfied.
{L=160 nm)

Fig. 29 shows an o-f correlation diagram based on the

conditions of the wvisible light transmittance, the blueness

index, the redness index, and the shielding factor at a

total film thickness T of 160 nm, In addition, in Fig. 29,
gince predetermined points {«, ) on the boundary lins
hetwsen a region in which the condition of the wisible light

cransmittance is satisfied and a region in which the
condition of the wvisible light transmittance is not
satisfied are outside the region shown by hatching, the
points are not shown in the figure. In addition to the
approximated curves of the boundary lines shown by formulas
{25) te (28}, based on the points on the boundary line of
the shielding factor plotted in the o-pB correlation diagram,
the approximated curve of the boundary line shown by the
following formula (39) is cbtained.
a=-0.0002p*+0.0016B+0.0067 ... {39)

In this case, a region shown by hatching which 1is
surrcunded by the approximated curves shown by formulas (25)

to (28) and formula (39} is a regicon in which the conditicns



(Sample 7-5) The laminated film was assumed in a manner similar to that of Sample 7-1 except
that the film thicknesses of the individual layers were changed so that the ratio a was 0.0135 and the
ratio p was 2. [Simulation results] The results of the simulation on the laminated films of Sample
1-1 to Sample 7-5 are shown in Table 1. REDNESS INDEX GLVO 9070 17610

of all the parameters are satisfied.
(I=180 nm)

Fig. 30 shows an o-B correlation diagram based on the
conditions of the visible light transmittance, the blueness
index, the redness index, and the shielding factor at a
total film thickness L of 180 rmm. In addition, in Fig. 30,
gince predetermined pcints (&, [3) on the boundary line
between a regicn in which the condition of the visible light

“w

transmittance i1s satisfied and a region in which the

condition of the wisible light transmittance is not
zatisfied are outside the region shown by hatching, the
points are not shown in the figure. In addition to the

approximated curves of the boundary lines shown by formulas
(30} to (32), based on the points on the boundary line of
the shielding factor plotted in the a-f correlation diagram,
the approximated curve of the boundary line shown by the
following formula (40) 1s obtainad.
o=-0.0003B%+0.0021B+0.0055 ... (40)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (30)
to (32) and formula (40) is a reglon in which the conditions
of all the parameters are satisfied.

Next, in the case in which the total film thickness L
is other than the specific thickness, a method for

determining a region which satisfies the conditions of the
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individual parameters will be described. Fig. 31 shows the
case in which the regions which satisfy the conditions of
the individual parameters determined based on the o-f
correlation diagrams shown in Figs. 17 to 23 are mapped on a
three-dimensional plane using the ratio o, the ratio 3, and
the total film thicknesss T, as the axes. In this example,
the region which satisfies the conditions of the individual
parameters is shown when the visible light transmittance,
the blueness index, and the redness index are used as the
parameters, In addition, predetermined points (o, [}J on the

boundary line at sach L value between a rsagilon in which the

the wvisible light transmittance 1s satisfied

[am3

condition o

and a region in which the condition of the visible light

L

transmittance is not satisfied and an approximated curve

oktained from the group of the points described above are

outside .
31 B the

As shown in Fig. 31, it is believed that the regions
which satisfy the conditions of the individual parameters
arse continuous with respect to the total film thickness L.
Eence, in the case in which the total f£ilm thickness is
other than the specific thickness, a region enclosed by
regions at specific total film thicknesses L adjacent to

each cother and straight lines connecting between
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corresponding peaks of the above adjacent regions is defined
as a reglion which satisfies the conditions of the individual
parameters.

First, the case in which the visible light
transmittance, the blueness index, and the redness index are
used as the parameters, and the total film thickness L. is
set to a value between specific total Ifilm thicknesses L
will be described.

(80 nm<L<90 nm)

When the total film thickness L is in a range of 80 to
90 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 17 and 18, the folleowing formulas (41) to

(44) are obtained,.

(B-0.5)/0.67=(0-0.01059}/0.00152478=(90-L) /10 ... (41)
(B-5.5)/3.75={a-0.01059)/0.00152478={90~L) /10 ... (42)
(3—1054}/10.6=(a—0,01516)/0.00067768;(9O—L)/10 e 143
(B—G.B)/O.455(&—0.01161)/0.0008471=(9OwL)/lO c.. (44)

In this case, the region enclesed by the regions shown
in Figs. 17 and 18 and the straight lines shown by formulas
(41) to (44) is a regilon which satisfies the conditions of
the individual parameters.

{80 nmsL<100 nm)
| When the total film thickness L is in a range of 90 to

100 nm, based on the information on the peaks of the regions
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which satisfy the conditions of the individual parameters
shown in Figs. 18 and 19, the following formulas (45) to

{48) are obtained.

(0.7-B) /0.2=(0~0.00%4) /0.001185%4=(100~-L) /10 ... (43)
(B-4.4}/1.1=(a-0.0094)/0.001185%4=(100-L) /10 ... (48)
(B-6.5)/3.9=(0~0.01432)/0.0008471=(100~L) /10 ... (47)
(1-B)Y/0.2={x~0.01093)/0.00067768=(100~L) /10 ... (48)

In this case, the region enclosed by the regions shown
in Figs. 18 and 19 and the straight lines shown by formulas
(45) toc (48) is a region which satisfies the conditions of
the individual parameters.

(100 nmsL<120 nm)

When the total film thickness L is in a range of 100 to
120 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 19 and 20, the following formulas (49) to

(52) are obtained.

(B-0.6)}/0.1={(a-0.00771)/0.0016942=(120-L)/20 ... (49)
(B-3.6)/0.8=(a—0.00771)/0.0016942={120-1)/20 ... (50}
(f-4.25)/2.25={a-0.0133}/0.00101652=(120-L) /20 ... (51)
(B-C.9)/0.1={(0—-0.00874)/0.00118594=(120-L) /20 ... (52}

In this case, the region enclcsed by the regions shown
in Figs. 192 and 20 and the straight lines shown by formulas
(49) to (52) is a region which satisfies the conditions of

the individual parameters.
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(120 nm<1<1490 nm)

When the total film thickness I is in a range of 120 to
140 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters

shown in Figs. 20 and 21, the following formulas (53) to

{56} are obtained.

(0.75-B1/0.15={(o~0.00652})/0.001185%4=(140-L) /20 ... (53)
(3.65-B)}/0.05=(0~0.00652)/0.00118594=(140-L)/20 ... (54)
(B-3.3)/0.85=({0-0.01245)/0.0008471=(140-1)/20 ... {55}

(3.47-03)/2.57=(a~0.00754)/0.00220246=(140-L)/20 ... (56)

In this case, the regicn enclosed by the reglons shown
in Figs. 20 and 21 and the straight lines shown by formulias
(53) to (50) i1s a region which satisfies the conditions of
the individual parameters.

(140 nm<L<160 nm)

When the total film thickness L is in a range of 140 to
160 nm, based on the information on the peaks of the regicns
which satisfy the conditions of the individual parameters
shown in Figs. 21 and 22, the folleowing formulas (57) to

(60} are obtained.

(0.9-B)/0.15={0~0.00568)/0.0008471=(160-1) /20 ... (57)
(3.8-8)/0.15=(0~0.00568)/0.0008471=(160~L) /20 ... (58)
(B-2.85)/0.45={a-0.01203)/0.00042355=(160-L)/20 ... (59)
(B-1.05)/2.42=(0.00864-0)/0.00110123=(160-1)20 ... (60)

In this case, the region enclosed by the regions shown

- 101 -
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in Figs. 21 and 22 and the straight lines shown by formulas
(577 te {60) is a region which satisfies the conditions of
the individual parameters.
{160 nmLLL180 nm)

When the total film thickness L is in a range of 160 to
180 nm, based on the information on the peaks ©f the regions
which satisfy the conditicons of the individual parameters
shown in Figs. 22 and 23, the following formulas (61) to

{64) are obtained.

(1.05-B)/0.15=(a~0.0053)/0.00067768=(180-L) /20 ... (61)
(B-2.753)/1.05=(0-0.005)/0.00067768={(180-L)/20 ... (&62)
(f-2.4)/0.45=(a~0.01177)/0.00025413=(180-L) /20 ... (83}
(1.2-B)/0.15=(a=0.00856)0.00008471=(180-1L) /20 ... (64

In this case, the region enclosed by the regions shown
in Figs. 22 and 23 and the straight lines shown by formulas
(61) to {(64) is a region which satisfies the conditions of
the individual parameters.

Next, the case in which, besides the visible light
transmittance, the blueness index, and the recdness index,
the shielding factor is used as the parameter and the total
film thickness L 1s set to a value between specific total
film thicknesses L will be described.

As in the case in which the visible light transmittance,
the blueness index, and the redness index are used as the

parameters, it is believed that regions which satisfy the

- 102 -
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individual parameters are continuous with respect to the
total film thickness L. Hence, a region enclosed by reglons
at specific total film thicknesses L adjacent to each other
and straight lines connecting between correspending peaks of
the above adjacent regions is defined as a region which
satisfles the conditions of the individual parameters.
(80 nmILLY0 nm)

When the total film thickness L is in a range of 80 to
90 nm, based on the information on the peaks cof the regiocns
which satisfy the conditions of the individual parameters
shown in Figs. 24 and 25, the following formulas (65) to

(69) are cbhtained.

(B~0.8)/11.6=(0-0.01161)/0.00398137=(90-L) /10 ... (65}
(B~8.9)/10.4=(a-0.01398)/0.00152478=(80-L) /10 ... (66)
(B-10.4)/10.6={0-0.01516)/0.00067768=(90-L) /10 ... (8&7)
(B-4.%9)/16.1=(0-0.01347)/0.00237188=(90-L) /10 ... (68}
(B~4.%)/7.5=(a-0.01347)/0.00211775=(20-1L) /10 ... (€9)

In this case, the region enclosed by the regions shown
in Figs. 24 and 25 and the straight lines shown by formulas
(65) to (69) are a region which satisfies the conditions of
+he individual parameters.

{90 nm<L<100 nm)

When the total film thickness L is in a range of S0 to

100 nm, based on the information on the peaks of the regions

which satisfy the conditions of the individual parameters

- 103 -
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shown in Figs. 25 and 26, the following formulas (70) to

{73) are obtained.

(1-B)/0.2={a-0.01093)/0.0067768=(100-L} /10 ... (70)

(p-3.8)/3.1=(a-0.01262) /0.00135536=(100-L) /10 ... (71)
(B-6.5)/3.9=(0~0.01432)/0.0008471=(100-L)/1C ... (72)
(B-2.8)/2.1=(0~0.0122) /0.00127065=(100-L) /10 ... (73)

In this case, the region enclosed by the regions shown
in Figs. 25 and 26 and the straight lines shown by formulas
(70) to (73} are a region which satisfies the conditions of
the individual parameters.

{100 nm<L<120 nm)

When the total film thickness L is in a range of 100 to
120 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 26 and 27, the following formulas (74) to

(77 are obtained.

(B~0.93/0.1={a-0.00974)/0.00118594=(120~-L} /20 ... (74)
(B~4)/1.8={a-0.01144)/0.00118594=(120-1)20 ... (795)

(B-4.25)/2.25={«-0.0133)/0.00101652=(120-L)/20 ... (7¢)
B~1.7)/1.1=(0-0.01076) /0.00144007={120-L)/20 ... (77)

In this case, the region enclosed by the regions shown
in Figs. 26 and 27 and the straight lines shown by formulas
(74) to (77) are & region which satisfies the conditions of
the individual parameters.

(120 nm<L<140 nm)

- 104 -
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When the total film thickness L is in a range cof 120 to
140 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 27 and 28, the following formulas (78) to

{81) are obtained.

(1-B)/0.1=(e-0.00923)/0.00050826=(140-1.) /20 ... (78)
(B~3.3)/0.7={0=0.01042) /0.00101652=(140-1L)/20 ... (79)
(B=3.3)/0.95={0-0.01245)/0.0008471=(140~L)/20 ... [(80D)
(B-1.1)/0.6={0~0.0094)/0.00135536=(140~-L)/20 ... (81)

In this case, the region enclosed by the regions shown
in Figs. 27 and 28 and the straight lines shown by formulas
{78) to (81) are a region which satisfies the conditions of
the individual parameters.

(140 nm<i<ibel nm}

When the total film thickness L is in a range of 140 fo
160 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 28 and 29, the fcllowing formulas (82) to

(85) are obtained.

{(1.05-B)/0.05={a-0.00822)/0.00101652=(160-L) /20 ... (82)
(B-2.85)/0.45=(0-0.00991)/0.00050826=(160-L)/20 ... (83)
(B-2.85)/0.45={0-0.01203)/0.00042355=(160-L}) /20 ... (84}
(B-1.05)/0.05=(0~0.00864)/0.00076239=(160-L)/20 ... (85)

In this case, the region enclosed by the regicns shown

in Figs. 28 and 29 and the straight lines shown by formulas
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(82} Lo (85) ars a region which satisfies the conditions of
the individual parameters.
(160 nmSLL1l80 nm)

When the total film thickness L is in a range of 160 to
180 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 29 and 390, the following formulas (86) to

{(88) are obtained.

(1.15-B)/0.1=(a—0.00754)/0.00067768=({180-1L) /20 ... (86)
(B-2.55)/0.3=(0~0.,00889)/0.00101652=(180-L) /20 ... (87)
B~2.4)/0.45=(-0.01177)/0.00025413=(180~L)/20 ... (88)
(1.2-B) /0.15=(u~0.,00856)/0.00008471=(180-L} /20 ... (89)

In this case, the region enclosed by the rsgicns shown
in Figs. 29 and 30 and the straight lines shown by formulas
(86) to (8%} are a region which satisfies the conditions of
the individual parameters.

As described above, when the total film thickness L is
set and the film thicknesses of the individual layers are
set so that the ratio o and the ratioc f are in the region
shown by hatching, a laminated film which satisflies the
conditions of the individual parameters can be formed.

As described above, when the total film thickness 1 is
other than the specific value, a region enclosed by regions
at specific total film thicknesses L adjacent to each other

and straight lines connecting between corresponding peaks of
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the adjacent regions is defined as a region which satisfies
the conditicns of the individual parameters; however, the
region is not limited to this example. For example, when
the total film thickness L is other than the specific value,
a regicn in which regions at specific total film thicknesses
1. adjacent to each other are overlapped may be defined as a
region which satisfies the conditions of the individual
parameters.

First, the case in which the visible light
transmittance, the blueness index, and the redness index are
used as ths parameters will be described. Fig. 32A shows a
graph in which when the visible light transmittance, the
blueness index, and the redness are used as the parameters,
regions which satisfy the conditions cof the individual
parameters are mapped on the same plane. In this example,
the regions at total film thicknesses L of 160 and 180 nm
are shown.

As shown in Fig. 32A, when the regions at the specific
total £ilm thicknesses L adjacent to each other are mapped
on the same plane, a region in which the two regions are
overlapped with each cther is formed. In this case, the
overlapped region can be defined as a region which satisfies
the conditicns of the individual parameters. The overlappead
region can be determined based on the approximated curves

forming the respective regions.
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(B0 nm<L<%0 nm)

When the total film thickness L is in a range of more
than 80 to less than %0 nm, based on the reglons which
satisfy the conditions of the individual parameters shown in
Figs. 17 and 18, the regicn surrcunded by the following
formulas {8), (10}, and {11} satisfies the conditions of the

individual parameters,.

a=0.012114 ... (8)
a=-3x107°B*+0.0014B+0.0038 ... (10)
a=-2x107°B*+0.0006B+0.0112 ... (11}

(90 nm<L<100 nm)

When the total f£film thickness L is in a range of more
than 90 to less than 100 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 18 and 19, the region surrcunded by the following
formulas {(11) fo (15) satisfies the conditions of the

individual parameters.

a=-2x107°B?+0.0006R+0.0112 ... (11}
a=0.010589 ... (12)
o=-0.0002R*+0.0055B+0.0057 ... (13)
a=-0.0002B%+0.0045p~0.0067 ... (14)
o=—4x107°B%+0.001B+0.0099 ... (15}

(100 nm<L<i20 nm)
When the total film thickness 1. is in a range of more

than 100 to less than 120 nm, based on the regions which
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satisfy the conditions of the individual parameters shown in
Figs. 19 and 20, the region surrounded by the following
formulas (15} to {19) satisfies the conditions of the

individual parameters.

o=—4x107°B*+0. 001P+0.009% ... (15)
a=0.009403 ... (16)
a=~0.0003B*+0.0074B+0.0033 ... (17)
o=-0,0014B*+0.0191B-0.0422 ... (18)
o=-9x107B*+0.0015P+0.0084 ... (19}

(120 nm<L<140 nm)

When the total film thickness L is in a range of more
than 120 to less than 140 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 20 and 21, the region surrounded by the following
formulas (20} to {23} satisfies the conditions of the
individual parameters.

a=0,007709 ... (20}

a=-0.0014B°+0.0136B-0.0027 ... (21)
B=10,1320°-241.3%0+4.747 ... (22)
o=-0.0001B*+0.002B+0.0074 ... (23}

(140 nm<L<160 nm)

When the total film thickness L is in a range of more
rhan 140 to less than 160 nm, based on the regions which
satisfy the conditions of the individual parameters shown in

Figs. 21 and 22, the region surrounded by the following
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formulas (23} to (28) satisfies the conditions of the

individual parameters,

o=-0.0001p%+0.002B+0.0074 ... (23)
=0.006523 ... (24)
a=-0.005B%+0.0273B-0.0145 ... (25)
o=0.00433%~0.0332p+0.07 ... (26)
B=2.875 ... (27)
a=-0.0001B°+0.0025B+0.0062 ... (28)

(160 nm<L<180 nm)

When the total film thickness L is in a range of more
than 160 to less than 180 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 22 and 23, the region surrounded by the following
formalas (28) to (32) satisfies the conditicns of the

individual parameters.

o=-0.0001B%+0.0025B+0.0062 ... (28)
a=0.005676 ... (29)
a=-0.0103p"+0.047B~0.0322 ... (30)
o=0.0093p*~0.0677B+0.1212 ... (31)
o=-0.0003R°+0.0036B+0.0046 ... (32)

Next, besides the visible light transmittance, the
lueness index, and the redness index, the case in which the
shielding factor is used as the parameter will be described.

Fig. 32B shows a graph in which when the visible light

transmittance, the blueness index, the redness index, and
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the shielding factor are used as the parameters, regions
which satisfy the cconditions of the individual parameters
are mapped on the same plane. In this example, the regions
at total film thicknesses I of 160 and 180 nm are shcwn.

As shown in Fig. 32B, when the regions at the specific
total film thicknesses L adjacent to each other are mapped
on the same plane, a region in which the two regions are
overlapped with each other is formed. In this case, the
overlapped region can be defined as a region which satisfies
the conditions of the individual parameters. The cverlapped
region can be determined based on the approximated curves
forming the respective regions.

In addition, when the total film thicknesé is in a
range of more than 80 to less than 20 nm, even if the
regions which satisfy the conditicns of the individual
parameters shown in Figs. Z4 and 25 are mapped on the same
plane, no overlapped region therebetwesen is present; hence,
the region which satisfy the conditions of the individual
parameters may not be determined by this method.

(80 nm<L<100 nm)

When the total film thickness L is in a range of more
than 20 to less than 100 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 25 and 26, the region surrounded by the following

formulas (11), {(14), (15}, and (35} satisfies the conditions
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of the individual parameters.

o=-2x107°B4+0. 0006R+0.0112 ... (11)
a=-0.0002B°+0.0045B~-0.0067 ... (14)
o=-4x107B*+0.001B+0. 0088 ... (15)

o=-1x10""B*+0.0002B+0.0125 ... (35)

(100 nm<L<120 nm)

When the total film thickness L is in a range of more
than 100 to less than 120 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 26 and 27, the region surrounded by the following
formulas (15), (18), (19} and {(36) satisfies the conditions

of the individual parameters.

a=-4x107°B*+0.C01B+0.0099 ... (15)

0=-0.0014B*+0.0191p~0.0422 ... (18)
o=-9%x107°B*+0.0015B+0.0084 ... (19)
o=-3x107F*+0.0004P+0. 0113 ... (36)

{120 nm<L<140 nm)

When the total film thickness L is in a range of more
than 120 to less than 140 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 27 and 28, the region surrounded by the following
formulas (19), (22}, (23), and (37) satisfies the conditions
of the individual parameters.
a==0x107B*+0,0015B+0.0084 ... (19)

B=10,1320°~-241.39a+4.747 ... {(22)



25.88/150.09/25.88 | 39.68/119.04/36.68 1 57.20/137.27/57.20 09317/88191/09317
67.40/107.84/67.40] 39.14/164.38/39.14 66.22/105.95/66.22 |1 69.12/152.07/69.12 6809161281/6809
77.73/124.36/77.73 85.89/103.07/85.89

a=-0.0001p"+0.002B+0.0074 ... (23)
o=-7x107°B*+0.0007R+0.0037 ... (37)
(140 nm<L<160 nm)

When the total film thickness 1. is in a range of more
than 140 to less than 160 nm, based cn the regions which
satisfy the conditions of the individual parameters shown in
Figs. 28 and 29, the region surrounded by the followling
formulas {23y, (26), (28), (27) and (38) satisfies the

conditions of the individual parameters.

a=-0.0001B*+0.002B+0.0074 ... (23)
a=0.0043B*~0.0332B+0.07 ... (26)
oa=-0.0001P*+0.0025B+0.0062 ... (28)
B=2.875 ... (27)
o=-0.0001B°+0.0011B+0.0083 ... (38}

(160 nm<L<180 nm)

When the total film thickness L is in a range of more
than 160 to less than 180 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 29 and 30, the region surrounded by the following
fermulas {28), (30}, (32), (39), and (4C) satisfies the

conditions of the individual parameters.

a=-0.0001p*+0.0025B+0.0062 ... (28)
a=-0.0103B%+0.047B-0.0322 ... (30)

o=-0.00023B*+0.00363+0.0046 ... (32)
a=-0.0002B%+0.0016B+0.0067 ... (39)
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o=~0.0003p%+0.0021B+0.0055 ... (40)

According to the first embodiment, when the region
which satisfies the conditions of the individual parameters
is determined with respect to the ratio o« and the ratio [
determined in accordance with the f£ilm thicknesses of the
individual lavers of the reflective layer 3, and the film
thickness of the reflective layer 3 1s set sc that the ratio
o and the ratio P are included in this region, the change in
color tone can be suppressed,
<Modified Examples>

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

[First Modified Example]

Fig. 332 is a cross-sectional view showing a first
modified example according to the first embodiment of the
present invention. As shown in Fig. 33A, an optical film 1
according to this first modified example has an incident
surface 51 having a concavo-convex shape. The concavo-
convex shape of this incident surface 31 and a concavo-
convex shape of a first optical layer 4 are formed, for
example, sc that the concavo-convex shapes thereof may
correspond to sach other, and the position of the vertex of
each convex portion and the position of the bottom of each
concave portion of the incident surface S1 coincide with

those of the first optical layer 4. The concavo-gonvex
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shape of the incident surface Sl is preferably gentler than
the concavo-convex shape of the first coptical laver 4.
[Second Medified Example]

Fig. 33B is a cross-sectional view showing a second
modified example according to the first embediment of the
present invention. As shown in Fig. 33B, in an optical film
1 according to this second modified example, the position of
the vertex of sach convex portion of a concavo-convex
surface of a first optical layer 4 on which a reflective
layer 3 is formed is formed to have a height approximately
equivalent to the height of an incident surface S1 of the
first optical layer 4.
<2. Second Embodiment>

Figs. 34A to 37B are views each showing an example of
the structure of an optical film according to a second
ambodiment of the presesnt invention. In the second
embodiment, elements correspending to those in the first
embodiment are designated by the same reference numerals as
those in the first embodiment. In the second embodiment,
structures 4c are two—dimensionally arranged in one primary
surface of a first optical layer 4, and this is a point
different from that of the first embodiment. The two-
dimensional arrangement is preferably a two-dimensional
arrangement in & closest-packed state. The reason for this

is that the directional reflectance can be improved.
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As shown in Figs. 34A and 348, for exanple, one primary
surface of the first optical layer 4 is formed so that
columnar structures {pillar shaped structures) 4c are
arranged to orthogonally intersect each other. In
particular, first structures 4c¢ arranged in.a first
direction and second structures 4¢ arranged in a second
direction perpendicular to the first directlon are arranged
50 as to penetrate esach other through side surfaces thereof.
For example, the columnar structure 4c is a cocnvex portion
or a concave portion having a columnar shape, such as a
prism shaper (Fig. 344A) cor a lenticular shape (Fig. 34B} or
a convex portion or a concave porticon therecof in which a
vertex of the column has a polygonal shape (such as a
pentagonal shape (Fig. 34C).

In addition, for example, structures 4c each having a
spherical shape or a corner cube shape may be two-
dimensicnally arranged in one primary surface of the first
optical layer 4 in a closest-packed state sc as to form a
close-packed array, such as a square close-packed array, a
delta close-packed array, or a hexagonal close-packed array.
As shown in Figs. 35A to 35C, for example, the sguare close-
packed array is formed by arranging structures 4c each
having a guadrangular bottom surface (such as a square
shape) in a sguare close-packed state, that is, in a matrix

state (a lattice state). For example, as shown 1n Figs. 36A
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to 36C, the hexagonal close-packed array is formed by
arrangling structures 4c esach having a nexagonal bottom
surface in a hexagonal close-packed state. For example, as
shown in Figs. 372 and 37B, the delts close-packed array is
formed by arranging structures 4c each having a triangle
bottom surface {(such as a triancgular pyramid) in a closest-
packed state.

The structure 4c 1s a convex peortion or a concave
portion of a corner cube shape, a hemispherical shape, a
semi-ellipsoidal shape, a prism shape, a cylindrical shape,
a free-form shape, a polygonal shape, a conical shape, a
polygonal pyramid shape, a truncated cone shape, a
paraboloidal surface shape, or the like. The bottom of the
structure 4c has, for example, a circular shape, an
elliptical shape, or a polygonal shape, such as a triangular
shape, a quadrangular shape, a hexagonal shape, or an
octagonal shape. A pitch PI and a pitch P2 of the structure
4c are preferably appropriately selected in accordance with
desired optical properties. In addition, when the primary
axis of the structure 4c¢ is inclined with respect to the
normal orthogonal to an incident surface of an optical film
1, it i1s preferable that the primary axis of the structure
4c is inciined in at least cne arrangement direction of the
two-dimensional arrangement of the structures 4c. When the

optical film 1 is adhered on a window material arranged in a
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direction approximately perpendicular to the gréund, it is
preferable that the primary axis of the structure 4c is
inclined to a lower side of the window material {ground
side} with respect to the normal.

When the structure 4c has a corner cube shape, 1f a
ridgeline R is largs, the primary axis is preferably
inclined skyward, and in order to suppress downward
reflection, the primary axis is preferably inclined to the
ground side. Since being obliguely incident on a film,
sunlight is not likely to reach the back ¢f the structure,
and hence, the shape thereof at an incident light side is
important. That is, when R of a ridgeline portion is large,
the amount of retroreflection light is decreased, and hence,
by inclining the primary axis skyward, this phencmenon can
be suppressed. In addition, in the corner cube body, when
reflection is performed threse times at a reflection surface,
the retroreflection can be realized; however, light
partially leak in a direction other than that of the
retroreflection when reflection is performed twice. By
inclining the corner cube to the ground side, a large part
of this leakage light can be returned skyward. As described
above, in accordance with the shape and/or the purpose, the
primary axis may be inclined in any direction.
<3. Third Embodiment>

Fig. 38A is a cross-sectilonal view showing one
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atructural eiample of an optical film according to a third
embeodiment of the present invention. In the third
embodiment, elements corresponding to theose in the first
embodiment are designated by the same reference numerals as
those in the first embodiment, and descripticns thereof are
omitted. In the third embodiment, refleciive layers 3
inclined to the incident surface on which light is incident
are included in an optical layer 2 and are arranged 1in
parallsl to each other, and this is a point different from
that of the first embodiment.

Fig. 38B is a perspective view showing one example of
the structure of the optical f£ilm according to the third
embodiment of the present invention. Structures 4c are each
a convex portion of a triangular column extending in one
direction and are one-dimensionally arranged 1in one
direction. A cross-section of the structure 4c
perpendicular to the extending directicn has, for example, a
right triangle shape. On the inclined surface of the
structure 4¢ at an acute angle side, the reflective layer 3
is formed, for example, by a thin film-forming methed, such
as a deposition method or a sputtering method, having
directivity.

According to the third embodiment, a plurality of
reflective layers 3 1s arranged in parallel in the optical

layer 2. According to this structure, the number of
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reflections by the reflective layer 3 can be reduced as
compared to that in the case in which the structure 4c
having a corner cube shape or a prism shape 1s formed.
Hence, the reflectance can be increased, and the absorption
of light by the reflective laver 3 can be reduced.
<4, Fourth Embodiment>

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

preferably provided only between the reflective layer 3 and
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the suppert member, such as a window material. The reasocn
for this is that when the light scattering material is
present between the reflective layer 3 and an incident
surface, directional reflection properties are lost. In
addition, when the optical film 1 is adhered to the indoor
side, the light scattering material is preferably provided
between the reflective layer 3 and an emission surface
oppesite to the adhesion surface.

Fig. 39R is a cross-sectional view showing a first
structural example of the optical film 1 according to the
fourth embodiment of the present invention. As shown in Fig.
3%n, the first optical laver 4 contains a resin and fine
particles 11. The fine particles 11 have a different
refractive index from that c¢f the resin which is a primary
componant of the first optical layer 4. As the fine
particles 11, for example, at least ocne type of organic
particles and inorganic particles may be used. In addition,
hollow fine particles may alsc be used as the fine particles
11. £As the fine particles 11, for example, inorganic
particles, such as silica or alumina, or crganic particles,
such as a polystyrene, an acrylic resin, or a copclymer
thereof, may be mentioned, and silica fine particles are
particularly preferable.

Fig. 398 is a cross-sectional view showing a second

structural example of the coptical film 1 according to the
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fourth embodiment of the present invention. As shown in Fig.
39B, the optical film 1 further includes a light diffusion
layver 12 on the surface of the first optical layer 4. The
light diffusion layer 12 contains, for example, a resin and
fine particles. As the fine particles, the same particles

as those described above may be used.

Fig. 39C is a cross-sectional view showing a third
structural exanmple of the optical film 1 according to the
fourth embodiment of the present invention. As shown in Fig.
38C, the optical £ilm 1 further includes a light diffusion
laver 12 between the reflective layer 3 and the first
optical layer 4. The light diffusion layer 12 contains, for
example, a resin and fine particles. As the fine particles,
the same particles as those described above may be used.

According to the fourth embodiment, light, such as
infrared light, having a specific wavelength can be
directionally reflected, and light, such as visible light,
having a wavelength other than the specific wavelength, can
be scattered. Therefore, when the optical film 1 is made
clouded as described above, design characteristics may be
imparted thereto.
<5. Fifth Embodiment>

Fig. 40A is a cross-sectional view showing one
structural example of an optical film according to a fifth

embodiment of the present invention. In the fifth
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embodiment, slements corresponding to those in the first
embodiment are designated by the same reference numerals as
those in the first embodiment, and descriptions thereof are
omitted. As shown in Fig. 40A, in an optical film 1
according to the fifth embodiment, a concavo~convex surface
of an optical laver 2a is not embedded with & resin material,
and a reflective laver 3 formed on the concave-convex
surface of the optical laver 2a is exposed; hence, this is a
point different from that of the first embodiment. The
optical film 1 has an incident surface S1 having a concavo-
convex shape on which light, such as sunlight, is incident
and an emission surface 32 from which, of light incident on
this incident surface $1, light transmitting the optical
film 1 is emitted.

If necessary, the optical film 1 may further include a
base member 2b on the emission surface 32 of the cptical
laver 2a. In addition, 1if necessary, the coptical film 1 may
further includes a bonding layer & and a peseling layer 7 on
the emission surface 32 of the coptical layer 2a or on the
base member Zb. Az the coptical layver Za and the base member
2b, members similar to the first optical laver 4 and the
base member 4a in the first embodiment may be used,
respectively.

Fig. 40B is a cross—sectional view showing one example

in which the optical film according to the fifth embodiment
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of the present inventicon 1ls adhered to an adherend. As
shown in Fig. 40B, the emission surface 32 c¢f the optical
film 1 is adhered, for example, to an adherend 10a with the
bonding layer 6 interposed therebetween. As the adherend
10a, a window material, a blind, a rolling screen, a pleated
screen, or the like is preferable.

According to the fifth embodiment, since the concave-
convex surface of the optical layer 2Z2a on which the
reflective layer 3 is formed 1s used as the incident surface
81, some of incident light is scattered by the incident
surface 81, and some of light which is no scattered
transmits the optical film 1. Hence, an opague optical film
1 can be obtained although the brightness cf light can be
sensed by incident light. The optical film 1 having
properties as described above 1s preferably used, for
example, for an interior member, an exterior member, or an
insolation shielding member, each of which is used to
protect personal privacy, and more particularly, for a
window material, a blind, a rolling screen, a pleated screen,
cor the like.
<6. Sixth Embodiment>

Fig. 41 is a cross-sectliconal view showing cone
structural example of an optical film acceording to a sixth
embodiment of the present invention. In the sixth

embodiment, a self-cleaning effect layer 51 having a
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cleaning effect is further provided on an exposed surface,
which is one of an incident surface 31 and an emission
surface $2 of an optical film 1, opposite to a surface
adhered to an adherend, and this is a point different from
that of the first embodiment. The self-cleaning effect
layer contains, for example, a photocatalyst. As the
photocatalyst, for example, T10; may be used.

As described above, the optical film 1 allows incident
light to partially transmit therethrough. For examplie, when
the optical film 1 is used outdoors or in a very dirty room,
light is scattered by dust attached to the surface of the
optical film 1, and transmission properties and reflection
properties thereof will be lost; hence, the surface of the
optical film 1 preferably maintains optically transparency
at any time. Therefore, it is preferable that the surface
is excellent, for example, in water~repellent or hydrophilic
properties and automatlcally exhibits a cleaning effect.

According to the sixth embodiment, since the optical
film 1 includes a self-cleaning effect layer 51, for example,
water—-repellent or hydrophilic properties can be imparted to
the incident surface. Therefore, adhesion of stains or the
like to the incident surface 1s suppréessed, and degradation
in directional reflection properties can be suppressed.
<7. Seventh Embodiment>

Irn the first embodiment, although the case in which the
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present invention is applied, for example, to a window
material is described by way of example, the present
invention is not limited thereto and may alsc be applied to
an interiocr member, an exterior member, or the like other
than the window material. In addition, besides fixed
interior members and exterior members, such as walls and
roofs, the present invention may alsc be applied to a device
which can introduce sunlight into a space, such as a room,
by moving an interior member or an exterior member to adjust
a transmission gquantity and/or a reflection quantity of
sunlight in accordance with the change in light quantity of
sunlight caused by the change in seasons and times. In a
seventh embodiment, az cone example of the device described
above, an insolaticn shielding device (blind device} will be
described which is able to adjust a shielding quantity of
incident light by changing the angle of an insolation
shielding member group including a plurality of insolation
shielding members.

Fig. 42 1s a perspective view showing one structural
example ¢f a blind device according to the seventh
embodiment of the present invention. As shown in Fig. 42, a
blind device 291 which is an insclation shielding device
includes a head box 203, a slat group (insolation shielding
member group) 202 formed of a plurality of slats (feathers)

202a, and & bottem rail 204. The head box 203 is provided
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above the slat group 202 formed of a plurality of slats 202a.
From the head box 203, a ladder code 206 and an up-and-down
code 205 extend downward, and the bottom rail 204 is
suspended at the lower ends of these codes. The slats 20Za
which are insolation shielding members sach have, for
example, a long and narrow rectangular shape and are
suspended and supported with predetermined intervals by the
ladder code 206 extending downward from the head box 203.
In addition, an operation unit (not shown), such as a rod,
for adijusting the angle of the slat group 202 formed of a
plurality of slats 20Za is provided in the head box 2Z03.

The head box 203 is a driving unit which adjusts the
guantity of light introduced into a space, such as a room,
by rotating the slat group 202 formed of a piurality of
slats 202a in response to the operation of the operation
unit such as a rod. In addition, the head box 203 also
functions as a driving unit (up-and-down unit) of
appropriately moving the slat group 202 up and down in
response to the operation of an operaticn unit such as an
up-and—-down operaticn code 207.

Fig. 43A is a cross—-sectional view showing a first
structural example of the slat. As shown in Fig. 43A, the
slat 202z includes a base member 211 and an optical film 1.
Of the two primary surfaces of the base member Z11, the

optical film 1 is preferably provide at an incident surface
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side (for example, a side facing a window material} on which
outdoor light is incident when the slat group 202 is closed.
The optical film 1 and the base member 211 are bonded to
each other, for example, with a bonding layer, such as an
adhesive layer or a tacky layer.

As the shape of the base member 211, for example, a
sheet, a film, or a plate shape may be menticned. As a
material for the base member 211, for example, a glass, a
resin material, a paper material, or a cloth material may be
used, and in consideration of introduction of visible light
into a predetermined space, such as a room, a resin material
having transparency is preferably used. As a glass, a resin
material, a paper material, or a cloth material, a material
which is commonly used as a related rolling screen may be
used. As the optical film 1, the optical films 1 according
to the first to the sixth embodiments may be used alone or
in combination.

Fig. 43B 1s a cross-sectional view showing a second
structural example of the slat. As shown in Fig. 43B, in
this second structural example, an optical film 1 is used as
the slat 202a. It is preferable that the optical film 1 can
be supported by the ladder code 206 and has rigidity so as
£o maintain its shape while being supported.
<8. Eighth Embodiment>

In an eighth embodiment, a rolling screen device will
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be described which is one example of an insclation shielding
device capable of adjusting the shielding quantity of
incident light by rolling up cr out an insolation shielding
member.

Fig. 44A is a perspective view showing one structural
example of the rolling screen device according to the eighth

embodiment of the present invention. As shown in Fig. 444,

i__l

a rolling screen device 301 which ig an insclation shielding
device includes a screen 302, a head box 303, and a core
material 304. The head box 303 is cenfigured to move the
screen 302 up and down by operating an operation unit, such
as a chain 305. The head box 303 has a roller to rell up
the screen inside and to roll it out, and one end of the
screen 302 is bonded to this roller. In additicn, the core
material 304 i1s bonded to the other end of the screen 302.
The screen 302 has flexibility, and the shape therecf is not
particularly limited and is preferably selected in
acoordance with the shape of a window material or the like,
such as a rectangular shaps, to which the rolling screen
device 301 is applied.

Fig. 44R is a cross-sectional view showing one
structural example of the screen 302. As shown in Fig. 44B,
the screen 302 includes a base member 311 and an optical
film 1 and preferably has flexibility. Of the two primary

surfaces of the base member 311, the optical f£ilm 1 is
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light transmittance, the blueness index, and the redness index are used as the parameters, since
Samples 1-1, 1-2, and 1-4 satisfy the conditions of the individual parameters, the set ratio a and ratio p
are in the region show in Fig. 17. In Sample 1-3, the condition of the blueness index is not satisfied,
and hence, the set ratio a and ratio p are out of the region shown in Fig. 17. In Sample 1-5, the
conditions of the visible light transmittance and the redness index are not satisfied, and hence, the set
ratio a and ratio p are out of the region shown in Fig. 17.

preferably provided at an incident surface side (side facing
a window material) on which outdeor light 1s incident. The
optical film 1 and the base member 311 are bonded te each
other, for example, by a bonding layer, such as an adhesive
layer or a tacky layer. 1In addition, the structure of the
screen 202 is not limited to this example, and the optical
film 1 itself may also be used as the screen 302.

As the shape of the base member 311, for example, a
sheet, a film, or a plate shape may be menticned. As a
material for the base member 311, for example, a glass, a
resin material, a paper material, or a cloth material may be
used, and in consideration of introduction of visible light
into a predetermined space, such as a room, a resin material
having transparency is preferably used. As a glass, a resin
material, a paper material, or a cloth material, a material
which is commonly used as a related rolling screen may be
used. As the optical film 1, the optical films 1 according
to the first to the sixth embodiments may be used alone or
in combination.
<9. Ninth Embcdiment>

Tn a ninth embodiment, an example will be described in
which the present invention 1s applied to a fitting (an
interior member or an exterior member) having a lighting
portion in which an optical element having directional

reflection properties 1ls provided.
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In addition, besides the visible light transmittance, the blueness index, and the redness index, when
the shielding factor is further used as the parameter, in Sample 1-4, the condition of the shielding
factor is also satisfied, and hence, the set ratio a and ratio p are in the region shown in Fig. 24. In
Samples 1-1 and 1-2, the condition of the shielding factor is not satisfied, and hence, the set ratio a
and ratio p are out of the region shown in Fig. 24. (L=90 urn) When the visible light transmittance,
the blueness index, and the redness index are used as the parameters, since Samples 2-1 and 2-3
satisfy the conditions of the individual parameters, the set ratio a and ratio p are in the region show in
Fig. 18. In Sample 2-2, the condition of the blueness index is not satisfied, and hence the set ratio a

and ratio p are ogt; of thegggion éh%\@@éﬁé:d@i% Ip;:Sample,2-4, she conditions:of the visible light
transmittance, the blueness index, and the redness index are not satisfied, and hence, the set ratio a
and ratio psarenqutofdlie zedgiontshoywn irFigl 18y In Sarhpler2-5t theeronditioarof theé redness index is
not satisfied, and hence, the set ratio a and ratio p are out of thz{gggion shown in Fig. 18. n

addition, b&5iBeBTRE Ao BANGHE M mittAfcE MAEbIGBNESY ndex and the redREsS fdex, when the

shielding factar is further used as tﬂ@ Rarameter, igﬁq@_g@ %ﬁery_%%goglggiopsof the shielding factor is

also satisfied, and hence, the set ratio a and ratio p are in the region shown in Fig. 25. In Sample 2-1,
the conditienr of thie=shieldiag faetbt issnotsatisfied, and.hente, the sétrdtiora andaratio p are out of the
region shown in Fig. 25. (L=100 nm) When the visible light transmittance, the blueness index, and

the redness ifdéxdre lised RS tHESraraffeters Siifce SaRies 39 and s 3%atiEf the conditions of the
'?[‘_i“’;ﬂ:a' Rarameters, the set tatio.a and ratipp are. In ife.region, show,in Figy 19. In Samples 3-2 and
’ optical element 402 is fixed by the frame member 403, and if

necessary, the opitical element 402 can be removed by

disassembling the frame member 403. As the fitting 401, for

example, although a paper shielding door, such as a Japanese

shoji, may be mentioned, the present invention is not

limited to this example and may also ke applied to various

fittings each having a lighting porticn.

Fig. 45B is a cross-sectional view showing one

structural example of the optical element 402. As shown in

Fig. 458, the optical element 402 includes a base member 411

and an optical film 1. Of the twe primary surfaces of the

base member 411, the optical film 1 is provided at an

incident surface side (side facing a window material) on

which outdocr light is incident. The optical film 1 and the

base member 411 are bonded to each other, for example, by a

bonding layer, such as an adhesive layer or a tacky layer.

In addition, the structure of the shoji 402 is not limited

to this example, and the optical film 1 itself may also be
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condition of the blueness index is not satisfied, and hence, the set ratio a and ratio p are out of the
region shown in Fig. 19. In Sample 3-5, the conditions of the visible light transmittance and the
redness index are not satisfied, and hence, the set ratio a and ratio p are out of the region shown in
Fig. 19.  In addition, besides the visible light transmittance, the blueness index, and the redness
index, when the shielding factor is further used as the parameter, in Sample 3-3, the condition of the
shielding factor is also satisfied, and hence, the set ratio a and ratio p are in the region shown in Fig.
26. In Sample 3-1, the condition of the shielding factor is not satisfied, and hence, the set ratio a and
ratio p are out of the region shown in Fig. 26. (L=120 nun)  When the visible light transmittance, the

blueness index; and the.redness index are yused as the parameters, since Samples 4-1 and 4-3 satisfy
the conditions of the individual parameters, the set ratio a and ratio p are in the region show in Fig. 20.

In Samples 4-2 arid:44k ¢lae conditionddfithe hluénessirmdexlis not satisfied, and-hénce, the set ratio a
and ratio p are out of the region shown in Fig. 20. In Sample 4-5, the conditions of the visible light

transmittaride &nd RS Fédiess MABR &6 bt satished, andheRce the-settitib iahd Thtio p are out of
the region shown inFrig. 20, . In.addition, besides the visible light trgnsmittance, the, blueness index,

and the redness index, when the shielding factor is further used as the parameter, in Sample 4-3, the
condition aofithe shieldingfaetor is alsarsatisfied) andhénce; thelsetiratioia and ratio p are in the region
shown in Fig. 27. In Sample 4-1, the condition of the shielding factor is not satisfied, and hence the set
ratio a and5ahs Fare 54esf the regicireRGvndR Fig. 27512430 WHRT 1Witerfithe visible light

ransmitiansce: f1c bueness dex.ond the redness.index are used aste.paramaters Ajnce Samples

5-1 and 5-3 Eatlsfy the conditions of the individua parameters, the set ratio a and ratio p are in the
region showrinfHga2iniSamples:5-2-and H-4sthe. conditian of thesblueness:index is not satisfied,
and hence, the set ratio a and ratio p are out of the region shown in Fig. 21, In Sample 5-5, the
conditions BRtfer¥isible Hightansmrtiaicezand e fednddindekeré hot satféd aid hence, the set
ratio a andn«[;gg?ﬂ? alrse %%%?Jc}rk!‘ﬂeg?é‘ds@%w%”, c')zgi)%izcjéil element cof a related
fitting may be used. As the optical film 1, the optical
films 1 according to the first to the sixth embodiments may
be used alone or in combination.
Examples
Hereafter, although the present invention will be
particularly described with reference to examples, this
present invention is not limited only to these examples.
In the following examples, the optical propsrties of a
laminated film wers obtained by simulation in which the
thicknesses of individual layers of the laminated film of a
reflective layer 3 were changed. The simulation was
performed using an optical simulation software "Light Tools"
of Optical Research Associates (ORA) for each of laminated

films of the fellowing Sample 1-1 to Sample 7-5, and the

values of the visible light transmittance, the shielding
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In addition, besides the visible light transmittance, the blueness index, and the redness index, when
the shielding factor is further used as the parameter, in Sample 5-3, the condition of the shielding
factor is also satisfied, and hence, the set ratio a and ratio p are in the region shown in Fig. 28. In
Sample 5-1, the condition of the shielding factor is not satisfied, and hence, the set ratio a and ratio p
are out of the region shown in Fig. 28. (14-160 nm)  When the visible light transmittance, the
blueness index, and the redness index are used as the parameters, since Samples 6-1 and 6-3 satisfy
the conditions of the individual parameters, the set ratio a and ratio p are in the region show in Fig. 22.
In Samples 6-2 and 6-5, the condition of the blueness index is not satisfied, and hence, the set ratio a

and ratio pare.out of the rggion.shown jnEig. 22,dn-Sample;6:4s; the gonditigns of the visible light
transmittance and the redness index are not satisfied, and hence, the set ratio a and ratio p are out of
the region showiriadFrigy22hanglivadditien reesides the visilile light franSmittance, the blueness index,
and the redness index, when the shielding factor is further used as the parameter, in Sample 6-3, the
condition of%ﬁ@‘@ﬁ%l&iﬁ@faetor is also satisfied, and hence, the set ratio a and ratio p are in the region

shown in Fig. 29..In Sample 6;1 the condition gt the shiglding factor isnat safisfied, apd hence, the

set ratio a and ratio p are out of the region shown in Fig. 29. (1,-180 nm) When the visible light
transmittanoe; the biueress-indexsard theiedness indexcane usetkas. the: pdrameters, since Samples
7-1 and 7-3 satisfy the conditions of the individual parameters, the set ratio a and ratio p are in the

region shoWAriFg. 23X Saniplé -2 thedohdition bRt Bitheds fldéx s Fot'sHtishied, and hence,
the set ratig ﬁ %%q éatj%lﬁgi%rgt%g} q_;‘]}rﬂ% region.shown,in Fig, 23. In Samples 7-4 and 7-5, the
t Ig

conditions of the Visible light transmittance and the redness index are not satisfied, and hence, the set
ratio a andrratio p=eutef theregian-showndn Fig.f23.ctive~index layer/metal
layer/high refractive-index layer/metal layer/high
refractive-index layer
Total film thickness L: 80 nm
High refractive-index layer:
Material: GRZO
Refractive index: 1.936
Geometric f£ilm thickness of each of the first and the
fifth lavyers: ©.73 nm
Geometric film thickness of the third layer: 26.53 nm
Metal layer:
Material: AgNdCu
Refractive index: 0.164
Geometric f£ilm thickness of each of the second and the
fourth layers: 5.0 nm
Ratio @: 0.0121
Ratio P: 8.4

(Sample 1-2)
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In addition, besides the visible light transmittance, the blueness index, and the redness index, when
the shielding factor is further used as the parameter, in Sample 7-3, the condition of the shielding
factor is also satisfied, and hence, the set ratio a and ratio p are in the region shown in Fig. 30. In
Sample 7-1, the condition of the shielding factor is not satisfied, and hence, the set ratio a and ratio p
are out of the region shown in Fig. 30. Heretofore, although the embodiments of the present
invention have been particularly described, the present invention is not limited to the above
embodiments, and various modifications may be made without departing from the technical scope of
the present invention. For example, the structures, methods, shapes, materials, numerical values, and

the like described,in.the.ghove embodiments.are anly.sed by, way af.gxample, and ifnecessary, for

example, different structures, methods, shapes, materials, and numerical values from those described
above may:alsa befusethple In-additorsdhe structures of the ahovelembedimeritsthay be used in
combination without departing from the spirit and scope of the present invention. In addition, in the
above embbiihERE Althotighithe tase iRYIRIERhe blindHeviceand e rélliig Screen device are

manually oqegﬁtgg isg s%ibeq:abi;‘/.V\O/a%{S O‘Laexa I%, the blind device and the rolling screen device may
be electrically opera?e . “In additio ,in the above embodiments, although the structure In which the
optical film s agbered tazan adherend, such as a window material, is described by way of example, the
structure in which an adherend, such as a window material, is formed of the first or the second optical

layer itself of the BpicalFiliimayalsé be used. I erdihghy: the Timeton Gfditectione® reflection can be

]t oL IO DR 1 e e
example, the,ghapeof the gptical were changed so that the ratio o was

0.0138 and the ratio B was 17.9.

{(Sample 1-4)

The laminated film was assumed in a manner similar to
that of Sample 1-1 except that the film thicknesses of the
individual layers were changed soc that the ratio o was
0.0155 and the ratio f§ was 17.4.

{(Sample 1-5)

The laminated film was assumed in a manner similar to
that of Sample 1-1 except that the film thicknesses of the
individual layers were changed sc that the ratio o was
0.0172 and the ratioc B was 14.6.

{Sample 2-1)

The laminated film was assumed In a manner similar to
that of Sample 1-1 except that the total film thickness L
was set to 90 nm and the film thicknesses of the individual
layers were changed so that the ratio o was 0.0106 and the

ratio P was 4.
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element is not limited to a film, and for example, a plate or a block shape may also be used. In the
above embodiments, although the case in which the present invention is applied to an interior member
or an exterior member, such as a window material, a fitting, a slat of a blind device, or a screen of a
rolling screen device, is described by way of example, the present invention is not limited to the case
described above and may also be applied to an interior member and an exterior member other than
those mentioned above.  As the interior member or the exterior member to which the optical
element according to an embodiment of the present invention is applied, for example, an interior
member or an exterior member formed from the optical element itself and an interior member or an
exterior merghgrfoarmed,from a transparent base member to which a directional reflector is adhered
may be mentioned. By installing the interior member or the exterior member as described above in the
vicinity of a windéWwdndide ianrcorm, forlexamysleaoniyrinfraied Fayscarebedirectisnally reflected
outside, and visible rays can be introduced inside. A%cordi,nggli/,t\g{her}lthe interior mte{gber or the
exterior memBér RhnSEIRUC tHe heEESEH o MterioF fluninSticn s AfssTeaticed. I addition, since
scatter reﬂ%@H@E’Hﬂ&ﬂ%@@@'&f&%%%@%é@% interior, member ok the.exterjos member, an increase
in ambient temperature can also be suppressed. In addition, in accordance with necessary purposes,
such as visibilityzcontral ariceimprovententan strength, the optical element may also be applied to a
bonding member other than a transparent base member. In addition, in the above embodiments,
although the’@28e f Which the present invention is applied to a blind device and a rolling screen
device is described by way of example. the nreseatinvention is not.imited tq this.case and may also
be applied to various insolation shielding devices to be installed in the interior of a room or building.

In addition tindbe @bavergmbodimenrts: althotgh the: case il whith. tHienpresent inverition is applied to
an insolat on shielding device (such as a rolling screen device) capable of adjusting the shielding
quantity of irtideriight byarofing s B ot aRdRSoIaRoR Shlelding mdmtierds WSchibéd by way of
example, the present ir{]l\éergi Is.notJimited to this case. For example, the present invention may also
be applied f0 an insolation Sf?%l ﬁlg evice capable of adjusting the shielding quantity of incident light
by folding ug;angdnsolatian shielding member. As the insolation shielding device as described above,
for example, there may be mentioned a pleated screen device in which the shielding quantity of
incident light is adjustebr by foldiAg Tipd sticem Whith is aR ifsdlation shistinghentber, into an
acconﬂonfgggt of Sample 2-1 except that the film thicknesses of the
individual lavers were changed so that the ratioc ¢ was
0.0157 and the ratio P was 1.6.

{Sample 2-5)

The laminated film was assumed in a manner similar to
that of Sample 2-1 except that the film thicknesses cf the
individual layers were changed so that the ratio o was
0.0157 and the ratio P was 9.

(Sample 3-1)

The laminated film was assumed in a manner similar to
that of Sample 1-1 except that the total {ilm thickness L
was set to 100 nm and the film thicknesses of the individual

layers were changed s¢ that the ratio o was 0.0095 and the
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In the above embodiments, although the case in which the present invention is applied to a horizontal
blind device (venetian blind device) is described by way of example, the present invention may also be
applied to an upright blind device (vertical blind device). The present application contains subject
matter related to that disclosed in Japanese Priority Patent Application JP 2010-045909 filed in the
Japan Patent Office on March 2, 2010, the entire contents of which are hereby incorporated by
reference. It should be understood by those skilled in the art that various modifications,
combinations, sub-combinations and alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the appended claims or the equivalents thereof.
Claims 1. %QPQC@ element.comprising: a first optical layer having a light emission surface; a
wavelength-selective reflective layer provided on the first optical layer; and a second optical layer
provided ondhewayetertgth-selective reflective layer and having a light incidence surface, wherein the
wavelength-selective reflective layer has a structure including at least five layers in which high
refractive-index 18)érs dritt ifetaaférd'ard sitérhately farminated 30 eaEh othér Whér? a geometric film

thickness L _of the entjre wavelength-selective reflective layer is rati f an optical film
thickness tﬁﬁé e%%ir:eg ?nméjt%aﬁa%e?s ?oxgﬁpo%tigégﬁﬁln% %hg;cl?nxe%{é g%%lg%n%ﬁ%%?ef?gcﬁive-index layers
and a ratio yafian @pticahfilpethickness efra thiechhigh refractive-index layes frems one of a first optical
layer side and a second optical layer side to an optical film thickness of a first high refractive-index
layer thereftofl-dre imefbideetinta fitst régitiesiirréunded by the following formulas (1) to (4), when the
geometric f'%Ig}_ﬂt{gﬁlénejs,us3l7 of the entire wavelength-selective reflective layer is 90 nm, the ratio a

The laminated film was assumed in a manner similar to
that of Sample 3~1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0129 and the ratio P was 4.8.

(Sample 3-4)

The laminated film was assumed in a manner similar to
that of Sample 3-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0129% and the ratio B was 7.4.

(Sample 3-5)

The laminated film was assumed in a manner similar to
that of Sample 3-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0146 and the ratio 3 was 4.8.

{(Sample 4-1)

The laminated film was assumed in a menner similar to

that of Sample 1-1 except that the total film thickness L

was set to 120 nm and the film thicknesses of the individual
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and the ratio p are included in a second region surrounded by the following formulas (5) to (8), and
when the geometric film thickness L of the entire wavelength-selective reflective layer is in a range of
80 to 90 nm, the ratio a and the ratio p are included in a space enclosed by the first region, the second
region, and the following formulas (9) to (12) a .-0.0004p2+0.0053p+0.0065 (1)
a=-1X10-5P2+0.0007p+0.0066 (2) a=-1X10-5p2+0.0005p+0.0119 (3) a=0.012114 (4)
a=-0.0002p2+0.0039p+0.0087 (5) a=-3X10-5p2+0.0014p+0.0038 (6) a=-2X10-5p2+0.0006p+0.0112
(7) a=0.010589 (8) (13-0.5)/0.67=(a-0.01059)/0.00152478=(90-L)/10 (9)
(-5.5)/3.75=(a-0.01059)/0.00152478=(90-L)/10 (10) (p-10.4)/10.6=(a-0.01516)/0.00067768=(90-L)/10
(11) (3-0.8)/0:457(a:0.01161)/9,00084 [15RQ-LIAQ (12).4%; The, getigalglement acegrding to claim 1,
ratio P was 3.
{(Sample 4-2)
The laminated film was assumed in a manner similar to
that of Sample 4-1 except that the film thicknesses of the
individual lavers were changed so that the ratio o was
0.0111 and the ratio B was 4.6.
(Sample 4-3)
The laminated film was assumed in a manner similar to
that of Sample 4-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0128 and the ratio B was 4.
(Sample 4-4)
The laminated film was assumed in a manner similar to
that of Sample 4-1 except that the film thicknesses of the
individual layers were changed so that the ratioc o was
0.0128 and the ratio B was 5.8.
{Sample £-5)
The laminated film was assumed in a manner similar to
that of Sample 4-~1 except that the f£iim thicknesses of the
individual layers were changed sc that the ratio o was
0.0145 and the ratic B was 3.
{Sample 5-1)

The laminated film wag assumed in a manner similar to

that of Sample 1-1 except that the total film thickness L
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wherein when the geometric film thickness L of the entire wavelength-selective reflective layer is BO
rim, the ratio a and the ratio p are included in a third region surrounded by formulas (1) to (3) and the
following formula (54), when the geometric film thickness L of the entire wavelength-selective
reflective layer is 90 nm, the ratio a and the ratio p are included in a fourth region surrounded by
formulas (5) to (7) and the following formula (55), and when the geometric film thickness L of the entire
wavelength-selective reflective layer is in a range of 80 to 90 nm, the ratio a and the ratio p are
included in a space enclosed by the third region, the fourth region, and the following foimulas (56) to
(60) a=-6/10-6132+0.0002p+0.0141 (54) a=-1X10-5p2+0.000213+0.0125 (55)

(p-0.8)/11.6z(2-0:01161)10: 0038813 /6= (90:=L ) 1056 1(6-8:2)£:0:4-(a10.04 398500015247 8.(90-L)/10
(57) (p-10.4)/10.6=(a-0.01516)/0.00067768=(90-L)/10 (58)

(3-4.9)/16.12§# 00 1848)/-DO2IETBEL(90EN 16 159 (6-4 @)Y B2 (-0 .01847) 1002167 75,(90-L)/10
(60). ratio [ was 2.4.

{(Sample 5-2)

The laminated film was assumed in a manner similar to
that of Sample 5-1 except that the film thicknesses of the
individual layers were changed so that the ratic o was
0.0082 and the ratio B was 3.8.

{(Sample 5-3)

The laminated film was assumed in a manner similar to
that of Sample 5-1 except that the film thicknesses of the
individual lavers were changed so that the ratic o was
0.0099 and the ratio B was 1.6.

{Sample 5-4)

The laminated film was assumed in a manner similar to
that of Sample 5-1 except that the film thicknesses of the
individuzal layers were changed so that the ratio o was
0.00%% and the ratio P was 4.2.

(Sample 5-5)

The laminated film was assumed in a manner similar to
that of Sample 5-1 sxcept that the £ilm thicknesses of the
individual lavers were changed so that the ratio o was
0.0116 and ths ratio B was 1.6.

{(Sample 6-1)

The laminated film was assumed in a manner similar to
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3. The optical element according to claim 1, wherein the first optical layer has a concavo-convex
surface, the wavelength-selective reflective layer is provided on the concavo-convex surface, and the
second optical layer is provided on the wavelength-selective reflective layer so as to fill the
concavo-convex surface. 4. The optical element according to claim 1, wherein the film thickness of the
first high refractive-index layer is approximately equal to that of the fifth high refractive-index layer. 5.
The optical element according to claim 1, wherein the film thickness of a second metal layer is
approximately equal to that of a fourth metal layer. 6. The optical element according to claim 1,
wherein the refractive index of each high refractive-index layer and the refractive index of each metal

layer are eagh @ refractiveindex at adight wavelengtheofiR50:nme 73 T heropticad element according to
claim 1, wherein each high refractive-index layer has a refractive index higher than that of each metal
layer. 8. Theaoptieal elemert aweordidg toeldimiy, thicknesses of the individual

layvers were changed so that the ratio a was 0.0057 and the

ratio P was 2.2.

(Sample 6-2)

The laminated film was assumed in a manner similar to
that of Sample é-1 except that the film thicknesses of the
individual layesrs were changed sc that the ratio o was
0.0074 and the ratio [ was 3.6.

{Sample ©-3)

The laminated film was assumed in a manner similar to
that of Sample 6-1 except that the film thicknesses of the
individual layers were changsad sc that the ratio o was
0.0091 and the ratio P was 1.6.

(Sample 6-4)

The laminated film was assumed in a manner similar to
that of Sample 6-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0108 and the ratio P was 1.2.

{Sample 6-5)

The laminated film was assumed in a manner similar to
that of Sample 6-1 except that the film thicknesses of the
individual layers were changed sc that the ratio o was
0.0125 and the ratio B was 3.2.

{Sample 7-1)
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wherein the refractive index of each high refractive-index layer is in a range of 1.7 to 2.6. 9. The optical
element according to claim 1, wherein each high refractive-index layer contains at least one selected
from the group consisting of niobium oxide, zinc oxide, titanium oxide, and tantalum oxide, and each
metal layer contains a Ag alloy. 10. A window material comprising: the optical element according to
claim 1. 11. A fitting comprising: the optical element according to claim 1 at a lighting portion. 12. An
insolation shielding device comprising: at least one insolation shielding member which shields sunlight,
wherein the insolation shielding member includes the optical element according to claim 1. 13. An
optical element comprising:

The laminated film was assumed in a manner similar to
that of Sample 1-1 except that the total film thickness L
was set to 180 nm and the film thicknesses of the individual
layers were changed so that the ratio o was 0.005 and the
ratio P was 1.8.

(Sample 7-2)

The laminated film was assumed in a manner similar to
that of Sample 7-1 except that the film thicknesses of the
individual layers were changed so that the ratic o was
0.0067 and the ratio B was 3.4.

{Sample 7-3)

The laminated film was assumed in a manner similar to
that of Sample 7-1 except that the film thicknesses of the
individual layers were changed so that the ratio a was
0.0101 and the ratio B was 2.

{(Sample 7~4)

The laminated fiim was assumed in a manner similar to
that of Sample 7-1 except that the film thicknesses of the
individual layers were changed so that the ratic o was
0.0118 and the ratio P was 1.6.

{Sample 7-5})

The laminpated film was assumed in a manner similar to
that of Sample 7-1 except that the film thicknesses of the
individual layers were changed sc that the ratio o was

0.0135 and the ratio [ was 2.
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a first optical layer having a light emission surface; a wavelength-selective reflective layer provided on
the first optical layer; and a second optical layer provided on the wavelength-selective reflective layer
and having a light incidence surface, wherein the wavelength-selective reflective layer has a structure
including at least five layers in which high refractive-index layers and metal layers are alternately
laminated to each other, when a geometric film thickness L of the entire wavelength-selective
reflective layer is 90 nm, a ratio a of an optical film thickness of the entire metal layers to an optical film
thickness of the entire high refractive-index layers and a ratio p of an optical film thickness of a third
high refractive-index layer from one of a first optical layer side and a second optical layer side to an
optical filmthickness of @ first highsrefractive-index layer therefrom are included in a first region
surrounded by the following formulas (5) to (8), when the geometric film thickness L of the entire
wavelength-seledtive reflective layertis < 00imm] el raticca ardethearativ 3 are inclitiedih a second
region surrounded by the following formulas élB) to (V:JLG),,and fgen q;e geometric film thickness L of
the entire watEIERglh-SelettiveTeféetive’lajéris i d Fardde Sf\% %0 100 nm, the ratio a and the ratio p
are included in a space enclosed by the first region, the second region, and the following formulas (17)
to (20) a=-0.0002p2+0.0039p+0.0087 (5) a=-3X10-5p2+0.0014p+0.0038 (6)
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pess L of the

- vt -

thick

0.009403 (16)

naocmetrie- fi

(a-0.0094)/0.00118594=(100-L)/10

rMhon th

-0.0002p2+0.0055p+0.0057 (13)

wharain

0.010589 (8) a

ato-clai

(a-0.01432)/0.0008471=(100-L)/10 (19) (1-p)/0.2--(a-0.01093)/0.00067768=(100-L)/10

antical . elament acecor

(a-0.0094)/0.00118594=(100-L)/10 (17) (0-4.4)/1.1

-0.0002p2+0.0045p-0.0067 (14) a=-4X10-5p2+0.001p+0.0099 (15) a

-2X10-5p2+0.0006p+0.0112 (7) a
(0.7-p)/0.2

thickness L of tl#é entire wavse

region surroupd&&b
included in a fo

(18) (p-6.5)/3.9
(20). 14. The
entire wavelen

a
a
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when the geometric film thickness L of the entire wavelength-selective reflective layer is in a range of
90 to 100 nm, the ratio a and the ratio p are included in a space enclosed by the third region, the fourth
region, and the following formulas (62) to (65) a=-1X10-502+0.0002p+0.0125 (55)
a=-3X10-5p2+0.0004p+0.0113 (61) (1-p)/0.2=(a-0.01093)/0.0067768=(100-L)/10 (62)
(p-5.8)/3.1=(a-0.01262)/0.00135536=(100-L)/10 (63) (p-6.5)/3.9=(a-0.01432)/0.0008471=(100-L)/10
(64) (p-2.8)/2.1-(a-0.0122)/0.00127065=(100-L)/10 (65). 15. An optical element comprising: a first
optical layer having a light emission surface; a wavelength-selective reflective layer provided on the
first optical layer; and

From Table 1, the following are found.
(L=80 nm)

When the visible light transmittance, the blueness
index, and the rednesgss index are used as the parameters,
since Samples 1-1, 1-2, and 1-4 satisfy the conditions of
the individual parameters, the set ratio o and ratio B are
in the region show in Fig. 17. In Sample 1-3, the condition
of the blueness index is not satisfied, and hence, the set
ratic o and ratio P are out of the region shown in Fig. 17.
In Sample 1-5, the conditicns of the visible light
transmittance and the redness index are not satisfied, and
hence, the set ratic o and ratio B are out of the region
shown in Fig. 17.

In addition, besides the visible light transmittance,
the blueness index, and the redness index, when the
shielding factor is further used as the parameter, in Sample
i1-4, the condition of the shielding factor is alsc satisfied,
and hence, the set ratioc o and ratio B are in the region
shown in Fig. 24. 1In Samples 1-1 and 1-2, the condition of
the shielding factor is not satisfied, and hence, the set
ratio a and ratio B are out of the region shown in Fig. 24.
(L=90 nm)

When the wvisible light transmittance, the blueness
index, and the redness index are used as the parameters,

since Samples 2-1 and 2-3 satisfy the conditions of the
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a second optical layer provided on the wavelength-selective reflective layer and having a light
incidence surface, wherein the wavelength-selective reflective layer has a structure including at least
five layers in which high refractive-index layers and metal layers are alternately laminated to each
other, when a geometric film thickness L of the entire wavelength-selective reflective layer is 100 nm, a
ratio a of an optical film thickness of the entire metal layers to an optical film thickness of the entire
high refractive-index layers and a ratio p of an optical film thickness of a third high refractive-index
layer from one of a first optical layer side and a second optical layer side to an optical film thickness of
a first high refractive-index layer therefrom are included in a first region surrounded by the following
formulas (:3)d0«(16)awhea the geomstriefidmdbicknessd. of theeniie wavklength:selective reflective
layer is 120 nm, the ratio a and the ratio p are included in a second region surrounded by the following
formulas (D024}, cand Wienithe geomeéttic filAT thiékie'ss 12 of the-éfitireowavélendtiselective
reflective layer i%ﬂgr{gsr}lge,ofcgoo to 120 hm, the rgtioif ag%gp%ratio p.are inclgded iqg space

enclosed by thefirst reglon,ltﬁees%c%)%dnr%%iosri and the following formulas ?2 10 S

a=-0.0002p2+0,8055p+0.095/- €1 3).a=-0:0002p 240 H045p0,0067 (4 Faz-4X20-5p2+0.00113+0.0099
(15) a=0.009403 (16) a=-0.0003p2t0.0074p+0.0033 (21) a-0.0014[32+0.0191[3-0.0422 (22)

a=-9X10-5p250.001518+0:0684: (28) 420007769 24) (13-8i6)/6:1{850:00771)/0.0016942=(120-L)/20
(25) (03-3.6)/0,8=(a-0,00771)/0.0016942=(120-L)/20 (26)

1ttance, uenkss 1hae nd the redness index are
not satisfied, and hence, the set ratioc o and ratic B are
out of the region shown in Fig. 18. In Sample Z-5, the
condition of the redness index 1s not satisfied, and hence,
the set ratio o and ratic B are out of the regicn shown in
Fig. 18.

In addition, besides the visible light transmittance,
the blueness index, and the redness index, when the
shielding factor is further used as the parameter, in Sample
2-3, the condition of the shielding factor is also satisfied,
and hence, the set ratio o and ratio B are in the region
shown in Fig. 25. In Sample 2-1, the condition of the
shielding factor is not satisfied, and hence, the set ratioc
o and ratio B are out of the region shown in Fig. 25.

{(L=100 nm)

When the visible light transmittance, the blueness
index, and the redness index are used as the parameters,
since Samples 32-1 and 3-3 satisfy the conditions of the
individual parameters, the set ratio o and ratio B are in

the region show in Fig. 19. In Samples 3-2 and 3-4, the
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(p-4.25)/2.25--(a-0.0133)/0.00101652=(120-L)/20 (27) (p-0.9)/0.1=(a-0.00974)/0.00118594=(120-L)/20
(28). 16. The optical element according to claim 15, wherein when the geometric film thickness L of the
entire wavelength-selective reflective layer is 100 nm, the ratio a and the ratio p are included in a third
region surrounded by formulas (13) to (15) and the following formula (61), when the geometric film
thickness L of the entire 161 wavelength-selective reflective layer is 120 nm, the ratio a and the ratio p
are included in a fourth region surrounded by formulas (21) to (23) and the following formula (66), and
when the geometric film thickness L of the entire wavelength-selective reflective layer is in a range of
100 to 120 nm, the ratio a and the ratio p are included in a space enclosed by the third region, the

fourth region, and the. following fermulas (67) t0,640) ar-3x¢10512 0 9994p£A4 01d361) a=-7 X
10-5p2+0 0007p+0 .0097 (66)

the set ratic o and ratio P are out of the region shown in
Fig. 19. In Sample 3-5, the conditions of the visible light
transmittance and the redness index are not satisfiled, and
hence, the set ratic o and ratio B are out of the region
shown in Fig. 19.

In addition, besides the visible light transmittance,
the blueness index, and the redness index, when the
shielding factor is further used as the parameter, in Sample
3-3, the condition of the shielding factor is also satisfied,
and hence, the set ratio o and ratio P are in the region
shown in Fig. 26. In Sample 3-1, the condition cf the
shielding factor is not satisfied, and hence, the set ratio
o and ratio B are out of the region shown in Fig. 26.

{(L=120 nm)

When the visible light transmittance, the blueness
index, and the redness index are used as the parameters,
since Samples 4-1 and 4-3 satisfy the conditions of the
individual parameters, the set ratio o and ratio B are in
the region show in Fig. 20. In Samples 4-2 and 4-4, the
condition of the blueness index is not satisfied, and hence,
the set ratio a and ratio B are out of the region shown in
Fig. 20. In Sample 4-5, the conditions of the visible light
transmittance and the rednesgss index are not satisfied, and

hence, the set ratio o and ratic B are out of the region
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(13-0.9)/0.1.(a-0.00974)/0.00118594.(120-L)/20 (67) (p-4)/1.8=(a-0.01144)/0.00118594=(120-L)/20
(68) (p-4.25)/2.25=(.a.-0.0133)/0.00101652.(120-L)/20 (69)
(p-1.7)/1.1=(a-0.01076)/0.00144007=(120-L)/20 (70). 17. An optical element comprising: a first optical
layer having a light emission surface; a wavelength-selective reflective layer provided on the first
optical layer; and a second optical layer provided on the wavelength-selective reflective layer and
having a light incidence surface, wherein the wavelength-selective reflective layer has a structure
including at least five layers in which high refractive-index layers and metal layers are alternately
laminated to each other, when a geometric film thickness L of the entire wavelength-selective
reflective laygy,ig 120 nm, a ragio a of an optical film thickness of the entire metal layers to an optical
film thickness of the entire high refractive-index layers and a ratio p of an optical film thickness of a
third high refractive-index tayer fram ohdesf & fiestoiptidal kayet side amdassscond ogtical layer side to
an optical film thickness of a first high refractive-index layer therefrom are included in a first region

surrounded By thé $6iGHMg BTt i) 18 T4 Wi the*gESmetlic Hilny thickness L of the entire
wavelength-selectiye reflective layer i5,140 om, theJalio a-and the ratio p-are inclyded in a second

region surrounded by the following formulas (29) to (32), and
4-3, the condition of the shielding factor is alsc satisfied,
and hence, the set ratio o and ratioc P are in the region
shown in Fig. 27. 1In Sample 4-1, the condition of the
shielding factor is not satisfied, anq hence, the set ratio
o and ratio B are out of the region shown in Fig. 27.
(L=140 nm)

When the visible light transmittance, the blueness
index, and the redness index are used as the parameters,
since Samples 5-1 and 5-3 satisfy the conditions of the
individual parameters, the set ratio o and ratio P are in
the region show in Fig. 21. In Samples 5-2 and 5-4, the
condition of the blueness index is not satisfied, and hence,
the set ratio o and ratioc B are ocut of the region shown in
Fig. 21. In Sample 5-5, the conditions of the visible light
tranemittance and the redness index are not satisfied, and
hence, the set ratio a and ratic B are out of the region
shown in Fig. 21.

In additicn, besides the visible light transmittance,
the blueness index, and the redness index, when the
shielding factor is further used as the parameter, in Sample

5-3, the condition of the shielding factor is also satisfied,
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when the geometric film thickness L of the entire wavelength-selective reflective layer is in a range of
120 to 140 nm, the ratio a and the ratio p are included in a space enclosed by the first region, the
second region, and the following formulas(33)to(36) a=-0.0003p2+0.0074p+0.0033 (21)
a-0.0014[32+0.0194-0.0422 (22) a=-9X10-5132+000isp+0 .0084 (23) a=0.007709(24)
a-0.0014[32+0.013613-0.0027

and hence, the set ratio o and ratio P are in the region
shown in Fig. 28. In Sample 5-1, the condition of the
shielding factor is not satisfied, and hence, the set ratioc
o and ratio B are out of the region shown in Fig. Z8.
{L=160 nm)

When the visible light transmittance, the blueness
index, and the redness index are used as the parameters,
since Samples 6-1 and 6-3 satisfy the conditions of the
individual parameters, the set ratio o and ratio P are in
the region show in Fig. 22. In Samples 6-2 and 6-5, the
condition of the blueness index is not satisfied, and hence,
the set ratio « and ratio B are out of the region shown in
Fig. 22. 1In Sample 6-4, the conditions of the visible light
trangmittance and the redness index are not satisfied, and
hence, the set ratio o and ratio B are out of the regiocn
shown in Fig. 2Z2.

In addition, besides the visible light transmittance,
the blueness index, and the redness index, when the
shielding factor is further used as the parameter, in Sample
6-3, the condition of the shielding factor is alsoc satisfied,
and hence, the set ratio a and ratio P are in the region
shown in Fig. 29. In Sample 6-1, the condition of the
shielding factor 1s not satisfied, and hence, the set ratio
o and ratic B are out of the region shown in Fig. 29.

{(L=180 nm}



(29) P=10,132a2-241.39a+4.747 (30) a=-0.0001p2+0.002p+0.0074 (31) a=0.006523 (32)
(0.75-p)/0.15=(a-0.00652)/0.00118594=(140-L)/20 (33)
(3.65-13)/0.05=(a-0.00652)/0.00118594=(140-L)/20 (34)
(p-3.3)/0.95=(a-0.01245)/0.0008471=(140-L)/20 (35)
(3.47-p)/2.57=(a-0.00754)/0.00220246=(140-L)/20 (36). 18. The optical element according to claim 17,

When the wvisible light transmittance, the blueness
index, and the redness index are used as the parameters,
since Samples 7-1 and 7-3 satisfy the conditions of the
individual parameters, the set ratio o and ratio B are in
the region show in Fig. 23. In Sample 7-2, the condition of
the blueness index 1s not satisfied, and hence, the set
ratio o and ratio P are ocut of the region shown in Fig. 23.
In Samples 7-4 and 7-5, the conditions c¢f the visible light
transmittance and the redness index are nct satisfied, and
hence, the set ratio a and ratio B out of the region shown
in Fig. 23.

In additicon, besides the visible light transmittance,
the blueness index, and the redness index, when the
shielding factor is further used as the parameter, in Sample
7-3, the condition of the shielding factor is also satisfied,
and hence, the set ratio ¢ and ratio f are in the region
shown in Fig. 30. In Sample 7-1, the conditicn of the
shielding factor is not satisfied, and hence, the set ratio
o and ratio B are out of the region shown in Fig. 30.

Heretofore, although the embodiments of the present
invention have been particularly described, the present
invention is not limited to the above embodiments, and
various modifications may be made without departing from the
technical scope of the present invention.

For example, the structures, methods, shapes, materials,
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wherein when the geometric film thickness L of the entire wavelength-selective reflective layer is 120
nm, the ratio a and the ratio p are included in a third region surrounded by formulas (21) to (23) and
the following formula (66), when the geometric film thickness L of the entire wavelength-selective
reflective layer is 140 nm, the ratio a and the ratio p are included in a fourth region surrounded by
formulas (29) to (31) and the following folmula (71), and when the geometric film thickness L of the
entire wavelength-selective reflective layer is in a range of 120 to 140 nm, the ratio a and the ratio p
are included in a space enclosed by the third region, the fourth region, and the following formulas (72)
to (75) a=-7X10-5p2+0.0007p+0.0097 (66) a=-0.0001p2+0.0011p+0.0083 (71)
(1-p)/0.1-(ar@20923)/0.000508264 2404920 (72) (R=33)/Orke(ai®08842}OH101652=(140-L)/20 (73)
(P-3.3)/0.95=(a-0.01245)/0.0008471=(140-L)/20 (74) (P-1.1)/0.6=(a-0.0094)/0.00135536=(140-L)/20
(75). 19. ARrdpticalelehfertcofiphsingsed by way of example, and if

necessary, for sexample, different struciures, methods,
shapes, materials, and numerical values from those described
above may also be used.

in addition, the structures of the abcve embodiments
may be used in combination without departing from the spirit
and scope of the present invention.

In addition, in the above smbodiments, although the
case in which the blind device and the rolling screen device
are manually operated is described by way of example, the
blind device and the rolling screen device may be
electrically operated.

In addition, in the above embodiments, although the
structure in which the optical film is adhered to an
adherend, such as a window material, is described by way of
example, the structure in which an adherend, such as a
window material, 1s formed of the first or the second
optical laver itself of the optical film may alsc be used.
Accordingly, the function of directicnasl reflection can be
imparted beforehand to an optical element, such as a window
material.

In addition, in the above embodiments, although the
case in which the optical element is an optical film is

described by way of example, the shape of the optical

- 149 -



a first optical layer having a light emission surface; a wavelength-selective reflective layer provided on
the first optical layer; and a second optical layer provided on the wavelength-selective reflective layer
and having a light incidence surface, wherein the wavelength-selective reflective layer has a structure
including at least five layers in which high refractive-index layers and metal layers are alternately
laminated to each other, when a geometric film thickness L of the entire wavelength-selective reflective
layer is 140 nm, a ratio a of an optical film thickness of the entire metal layers to an optical film
thickness of the entire high refractive-index layers and a ratio c?, of an optical film thickness of a third
high refractive-index layer from one of a first optical layer side and a second optical layer side to an

optical film thickness of afiyst ’ﬂmﬁ%@cﬁwez—i”@%&AQY%AHG%HPVE%%%Hi@l,Jd_%dﬂ:‘létfi{St region
surrounded by the following formulas (29) to (32), when the geometric film thickness L of the entire
wavelengthrsetectiVereflettive: layey is: 160 rim, thesdtio a and the ratio p are included in a second
region surrounded by the following formulas (37) to (41), and when the geometric film thickness L of

the entire wavelehytirSeIctR B e MBeRERF/Er Te irfd FRRGE D 126 (53%0 fm, the fitio a and the ratio
P are mclqug_ié}(%%%qlcce enclosed by the ?ar%%ﬂeﬂi‘&n'ttgea?@%ge@%quﬁéh%@ following formulas

(42) to (45) a= 14p2+0.0136p-0.0027 (29) p=10,132a2-241.39a+4.747 (30)

a=-0.0001p2+2.002p+HA 7 (319uch zs a window material, a fitting, a
slat of a blind device, cr a screen cof a rolling screen
device, ls described by way of example, the present
invention is not limited to the case described above and may
alsc be applied to an interior member and an exterior member
other than those mentioned above.

As the interior member or the exterior member to which
the optical element according to an embodiment of the
present invention is applied, for example, an interior
member or an exterior member formed from the optical element
itself and an interior member or an exterior member formed
from a transparent base member to which a directional
reflector is adhered may be mentioned. By installing the
interior member or the exterior member as described above in
the vicinity of a window inside a room, for example, only
infrared rays can be directiconally reflected outside, and
visible rays can be intrcduced inside. Accordingly, when
the interior member or the exteriocr member is installed, the
necessity for intericr illumination is also reduced. In
addition, since scatter reflecticn intc a room hardly occurs

by the interiocr member cor the exteriocr member, an increase
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a=0.006523 (32) a=-0.005p2+0.0273p-0.0145 (37) a=0.0043p2-0.0332p+0.07 (38) p=2.875 (39)
a=-0.0001p2+0.0025p+0.0062 (40) a=0.005676 (41) (0.9-p)/0.15=(a-0.00568)/0.0008471=(160-L)/20
(42) (3.8-p)/0.15=(a-0.00568)/0.0008471=(160-L)/20 (43)
(p-2.85)/0.45=(a-0.01203)/0.00042355=(160-L)/20 (44)
(p-1.05)/2.42=(0.00864-a)/0.00110123=(160-L)/20 (45) 20. The optical element according to claim 19,

in ambient temperature can also be suppressed. In addition,
in accordance with necessary purposes, such as visibility
control and improvement in strength, the optical element may
also be applied to a bonding member cother than a transparent
Dase member.

In addition, in the above embodiments, although the
case in which the present invention is applied te a blind
device and a rolling screen device is described by way of
example, the present invention is nct limited to this case
and may also be applied to various insclation shielding
devices to be installed in the interior of a room or
building.

In addition, in the above embodiments, although the
case in which the present invention is applied to an
ingsolation shielding device (such as a rolling screen
device) capable of adjusting the shielding gquantity of
incident light by rolling up or out an insoclation shielding
member is described by way of example, the present invention
ig not limited to this case. For example, the present
inventicn may also be applied to an insclation shielding
device capable of adjusting the shielding quantity of
incident light by folding up an insclation shielding member.
As the insocolation shielding device as described above, for
example, there may be mentioned a pleated screen device in

which the shielding cuantity of incident light is adjusted
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wherein when the geometric film thickness L of the entire wavelength-selective reflective layer is 140
nm, the ratio a and the ratio p are included in a third region surrounded by 166 formulas (29) to (31)
and the following formula (71), when the geometric film thickness L of the entire wavelength-selective
reflective layer is 160 nm, the ratio a and the ratio B are included in a fourth region surrounded by
formulas (37) to (40) and the following formula (76), and when the geometric film thickness L of the
entire wavelength-selective reflective layer is in a range of 140 to 160 nm, the ratio a and the ratio (3
are included in a space enclosed by the third region, the fourth region, and the following formulas (77)
to (80) a=-0.0001p2+0.0011p+0.0083 (71) as-0.0002p2+0.00161340.0067 (76)

(L05’13VQD 'f@fbgg, %&KHQQQQJQQETCM%&EN2947Z% insclaticn shielding
(0-2.85)/0.45-(a-0.00991)/0.00050826,(160-L)/20 (78)
(0-2.85)/0.45m(2:6.01208)/ 0:00042355+(2601)£20. (79)

In the above embodiments, although the case in which
the present invention is applied to a horizontal blind
device (venetian blind device) is described by way of
example, the present invention may alsc be applied to an
upright blind device (vertical blind device).

The present application contains subject matter related
to that disclosed in Japanese Pricrity Patent Application JP
2010-04%908 filed in the Japan Patent Office on March 2,
2010, the entire contents of which are hereby incorporated
by reference.

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

the appended claims or the eguivalents thereof.
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(0-1.05)/0.05=(a-0.00864)/0.00076239=(160-1)/20 (80). 21. An optical element comprising: a first
optical layer having a light emission surface; a wavelength-selective reflective layer provided on the
first optical layer; and a second optical layer provided on the wavelength-selective reflective layer and
having a light incidence surface, wherein the wavelength-selective reflective layer has a structure
including at least five layers in which high refractive-index layers and metal layers are alternately
laminated to each other, when a geometric film thickness L of the entire wavelength-selective reflective
layer is 16Q-p; gatio a of an optical film thickness of the entire metal layers to an optical film
thickness of the entire high refractive-index layers and a ratio p of an optical film thickness of a third
high refractive-index layer from one of a first optical layer side and a second optical layer side to an
optical film thickness of a first high refractive-index layer therefrom are included in a first region
surrounded by the following formulas (37) to (41), when the geometric film thickness L of the entire
wavelength-selective reflective layer is 180 nm, the ratio a and the ratio p are included in a second
region surraunded by thie-tollowirgrfenmutas(@6) toi (£9), and when the geometric film thickness L of
the entire wavelength-selective reflective layer is in a range of 160 to 180 rim, the ratio a and the ratio
p are includedfihsspage-eneldsedipy thenfirsl regien lthelsecond segdion, and frrecfollowing formulas
(50) to (53) a=-0.005P2+0.0273p-0.0145 (37)

a wavelength-selective reflective layer provided on the first

optical layer; and

a second optical layer provided on the wavelength-selective

reflective layer and having a light incidence surface,

wherein the wavelength-selective reflective layer has a

gtructure including at leasgt five layers in which high

refractive-index layvers and metal layers are alternately

laminated to each other,

when a geometric f£ilm thickness L of the entire

wavelength-selective reflective layer is 80 nm, a ratio « of

an cptical film thickness of the entire metal layers to an

optical f£ilm thickness of the entire high refractive-index

lavers and a ratio B of an optical film thickness of a third

high refractive-index layer from one of a first optical layer

side and a second optical layer side to anoptical £film thickness

of a first high refractive-index layer therefrom are included

in a first region surrounded by the following formulas {1) to

{4),

when the geometric film thickness L of the entire

wavelength-selective reflective layer is 90 nm, the ratio «
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a=0.0043p2-0.0332p+0.07 (38) p=2.875 (39) a=-0.0001p2+0.0025P+0.0062 (40) a=0.005676 (41) a
=-0.0103p2+0.0470-0.0322 (46) a=0.0093p2-0.0677p+0.1212 (47) a=-0.0003p2+0.0036P+0.0046 (48)
a=0.00498 (49) (1.05-p)/0.15=(a-0.005)/0.00067768=(180-L)/20 (50)
(13-2.75)/1.05=(a-0.005)/0.00067768.(180-L)/20 (51) ([3-2.4)/0.45
=(a-0.01177)/0.00025413=(180-L)/20 (52) (1.2-P)/0.15=(u-0.00856)/0.00008471=(180-L)/20 (53). 22.
The optical element according to claim 21,

and the ratic B are included in a second region surrounded by
the following formulas (5) to (8}, and

when the geometric f£ilm thickness L of the entire
wavelength-selective reflective layer is in a range of 80 to
90 nm, the ratio o« and the ratic B are included in a space
enclcosed by the first region, the gecond region, and the
following formulasg (9) to (12)

o =-0.0004p%*+0.00533+0.0065 (1)

a=-1X107°p%+0.00078+0.0066 (2)

o=-1X 107 *R%+0.0005B+0.0119 (3)

o=0.012114 (4}

=-0.0002p%+0.0039B3+0.0087 (5)

o=-3X107°B*+0,00148+0.0038 (6)

o=-2X10"°R*+0.0006R+0.0112 (7}

o=0.01058% (8)
(B-0.5)/0.67={x-0.01059)/0.00152478=(90-L) /10 (9)
(p-5.5)/3.75={(x-0.01059) /0.00152478=(90-L}/10 (10)
(B-10.4)/10.6={x-0.01516)/0.00067768=(90~-L}/10 (11)

(F-0.8)/0.45={x-0.01161)/0.0008471={90-L) /10 (12).

2. The optical element according to claim 1,

wherein when the geometric f£ilm thickness L of the entire
wavelength-selective reflective layer is 80 nm, the ratio «
and the ratio p are included in a third region surrcunded by

formulas (1) to (3) and the following formula (5%4),
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wherein when the geometric film thickness L of the entire wavelength-selective reflective layer is 160
nm, the ratio a and the ratio p are included in a third region surrounded by formulas (37) to (40) and
the following formula (76), when the geometric film thickness L of the entire wavelength-selective
reflective layer is 180 nm, the ratio a and the ratio p are included in a fourth region surrounded by
formulas (46) to (48) and the following formula (81), and when the geometric film thickness L of the
entire wavelength-selective reflective layer is in a range of 160 to 180 nm, the ratio a and the ratio p

are includeghin. g Spac gg%%éﬁl%/ thethird pegion.the fourth region, and e f°”°W'”9 formulas (82)
to (85) a=-0.0002p2+0.0016p+0.0067 (76) a-0.0003(32+0.002113+0.0055(8

(115[%K)1w@h@@@ﬁ§ﬂﬂo§@@@Z%@%&l§9ﬂﬁé€%@§3 layer is 90 nm, the ratio «
(13-2.55)/0.3=(a-0.00889)/0.00101652=(180-L)/20 (83)

(p-2.4)/0.45%(ac0 PR 7¥¥0:iQDP254135(A80dJE0 1 n a fourth region surrounded by

formulas (5) to (7) and the following formula (55), and
when the geometric f£ilm thickness L of the entire
wavelength-gselective reflective layer is in a range of 80 to
90 nm, the ratio o and the ratio B are included in a space
enclosed by the third region, the fourth region, and the
following formulas (56) to (60)

=-6 X107 R*+0.0002R+0.0141 {54)

a=-1X 10 °R*+0.0002p+0.0125 (55)
(p-0.8)/11.6=(x-0.01161)/0.00398137=(90-L) /10 (56)
(B-8.9)/10.4={x-0.01398)/0.00152478={(90-L)/10 {(57)
{(p-10.4)/10.6=(x-0.01516) /0.00067768=(90-L) /210 {(58)
(B-4.9)/16.1={x-0.01347)/0.00237188=(90-L) /10 (59)

(F-4.9)/7.5=(x-0.01347)/0.00211775={90-L) /10 (60).

3. The optical element according to claim 1,

wherein the first optical layer has a concavo-convex surface,
the wavelength-selective reflective layer is provided on the
concave-convex surface, and the second optical layer is
provided on the wavelength-selective reflective layver so as

to fill the concavo-convex surface.

4. The optical element according to claim 1,
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(84) (1.2-P)/0.15=(a-0.00856)/0.00008471=(180-L)/20 (85). OPTICAL ELEMENT, WINDOW
MATERIAL, FITTING, AND INSOLATION SHIELDING DEVICE ABSTRACT OF THE DISCLOSURE
An optical element has a first optical layer; a reflective layer; and a second optical layer. The reflective
layer includes at least five layers of high refractive-index layers and metal layers alternately laminated.
When a thickness L of the entire reflective layer is 80 nm, a ratio a of an optical thickness of the entire
metal layers to that of the entire high refractive-index layers and a ratio p of an optical thickness of a

third high rejractive-index layarfothat pha fissropefractive-indesnlaver e included inafirst region,
when the thickness L is 90 mm, the ratios a and p are included in a second region, and 'when the

thickness L is=8Q:t0 9@ napphesatiestaand fargineluded it aspaeaenciosed byiga first region, the
second region, and straight lines derived from these regions. FIG. 1A
refractive-index layer.

5. The optical element according to claim 1,
wherein the f£ilm thickness of a second metal layer is

approximately equal to that of a fourth metal layer.

6. The optical element according to ciaim 1,
wherein the refractive index of each high refractive-index
layer and the refractive index of each metal layer are each

a refractive index at a light wavelength of 550 nm.

7. The optical element according to claim 1,
wherein each high refractive-index layer has a refractive

index higher than that of each metal layer.

8. The optical element according to claim 1,
wherein the refractive index of each high refractive-index

layer is in a range of 1.7 to 2.6.

9. The optical element according to claim 1,
wherein each high refractive-index layer contains at least one
selected from the group consisting of niobium oxide, zinc oxide,

titanium oxide, and tantalum oxide, and

156



each metal layer contains a Ag alloy.

10. A window material comprising:

the optical element according to claim 1.

11. A fitting comprising:

the optical element according to claim 1 at a lighting portion.

12. An ingolation shielding device comprising:

at least one insolation shielding member which shields
sunlight,

wherein the insclation shielding member includes the optical

element according to claim 1.

13. An optical element comprising:

a first optical layer having a light emission surface:

a wavelength-gelective reflective layer provided on the first
optical layer; and

a second optical layer provided on the wavelength-selective
reflective layer and having a light incidence surface,
wherein the wavelength-selective reflective layer has a
structure including at least five layers in which high
refractive-index layers and metal layers are alternately
laminated to each other,

when a geometric f£iim thickness L of the entire
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wavelength-selective reflective layer is 90 nm, a ratio o of
an optical f£ilm thickness of the entire metal layers to an
optical f£ilm thickness of the entire high refractive-index
layers and a ratio B of an optical film thickness of a third
high refractive-index layer from one of a first optical layer
gide and a second optical layer side to an optical film
thickness of a first high refractive-index layer therefrom are
included in a first region surrounded by the following formulas
{5} to (8},
when the geometric film thickness L of the entire
wavelength-selective reflective layer is 100 nm, the ratio o
and the ratio p are included in a second region surrcunded by
the following formulas (13) to (16), and
when the geometric film thickness L of the entire
wavelength-selective reflective layer is in a range of 90 to
100 nm, the ratio o and the ratio B are inciuded in a space
enclosed by the first region, the second region, and the
following formulas (17) to (20)
o=-0.,0002p%*+0.0039p+0.0087 (5)
o=-3X107°B%+0.0014R+0.0038 (6)
a=-2X107°B%*+0.00068+0.0112 (7}
a=0.010589 (8)
a=-0.0002B3%+0.00558+0.0057 (13)
a=-0.0002p%+0.00458-0.0067 {14)
o=-4X107°R*+0.0013+0.0099 (15)
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a=0.,009403 (196)

{0.7-3)/0.2={x~0.0094)/0.00118594=(100-L) /210 (17)
(B-4.4)/1.1=(x-0.0094)/0.001185%4=(100-L) /10 (18)
(B-6.5)/3.9={(x-0.01432)/0.0008471=(200-L}/1C (19}

(1-B)/0.2={x-0.01093)/0.00067768=(100-L) /10 (20).

14. The optical element according to claim 13,

wherein when the geometric £ilm thickness L of the entire
wavelength-selective reflective layer is 90 nm, the ratio «
and the ratio B are included in a third region surrounded by
formulas {(5) to (7} and the following formula (55),

when the geometric fiim thickness L of the entire
wavelength-selective reflective layer is 100 nm, the ratio «
and the ratic B are included in a fourth region surrounded by
formulas (13) to (15) and the following formula (61), and
when the geometric film thickness L of the entire
wavelength-selective reflective layer is in a range of 90 to
100 nm, the ratic o and the ratio § are included in a space
enclosed by the third region, the fourth region, and the
following formulas (62) to (65)

a=-1X10"*8%+0.00028+0.0125 {55)

a=-3X 107 *B%+0.0004B+0.0113 (61)
(1-8)/0.2={c-0.01093)/0.0067768=(100-L} /10 (62)
(Bm5.8)/3.1:(u—0.01262)/0.00135536=(1DO—L)/lO {63)

(B=6.5)/3.9={x-0.01432)/0.0008471={100-L) /10 (64)
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(B=2.8)/2.1={x-0.0122}/0.00127065=(100-L) /10 (65).

15. An optical element comprising:
a first optical layer having a light emission surface;
a wavelength-gelective reflective layer provided on the first
optical layer; and
a second optical layer provided on the wavelength-selective
reflective layer and having a light incidence surface,
wherein the wavelength-selective reflective layer has a
structure including at least five layers in which high
refractive-index layers and metal layers are alternately
laminatced to each other,
when a geometric film thickness L of the entire
wavelength-selective reflective layer is 100 nm, a ratioc o of
an optical film thickness of the entire metal layers to an
optical film thickness of the entire high refractive-index
layers and a ratio p of an optical film thickness of a third
high refractive-index layer from one of a first optical layer
side and a second optical layer side to an optical film
thickness of a first high refractive-index layer therefrom are
inciuded ina first region surrounded by the following formulas
{(13) to (16},
when the geometric film thickness L of the entire
wavelength-selective reflective layer is 120 nm, the ratio u

and the ratio B are included in a second region surrounded by
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the following formulas (21) to (24), and

when the geometric film thickness L of the entire
wavelength-selective reflective layer is in a range of 100 to
120 nm, the ratio o and the ratic P are included in & space
enclosed by the first region, the second region, and the
foliowing formulas (25) to (28)

a=-0.0002p%+0.00553+0.0057 (13)

o=-0.0002p%+0.0045R-0.0067 {14)

o=-4X10°B*+0.0013+0.0099 (15)

o=0.009403 (16)

o=-0.00038%+0.0074B8+40.0033 (21}

a=-0.00143%+0.0191B-0.0422 (22)

a=-9X 10" °p?+0.0015B+0.0084 (23)

a=0.007702 {24)
(B-0.6)/0.1={x-0.00771)/0.0016942=(120-L) /20 (25)
(B~3.6)/0.8={@-0.00771)/0.0016942=(120-L) /20 (26)
(B=-4.25)/2.25={x-0.0133)/0.00101652=(120-L) /20 (27)

(F-0.9)/0.1={x-0.00974) /0.00118594=(120-L) /20 (28).

16. The optical element according to claim 15,

wherein when the geometric film thickness L of the entire
wavelength-selective reflective layer is 100 nm, the ratio «
and the ratio § are included in a third region surrounded by
formulas (13) to (15) and the following formula (61),

when: the geometric film thickness L of the entire
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wavelength-selective reflective layer is 120 nm, the ratio
and the ratio B are included in a fourth region surrounded by
formulas (21) to (23) and the following formula (66), and
when the geometric film thickness L of the entire
wavelength-selective reflective layer is 1n a range of 100 to
120 nm, the ratio « and the ratic B are included in a space
enclosed by the third region, the fourth region, and the
following formulas (67) to (70)

a=-3X10"°B*+0.0004B+0.0113 (61)

a=-7X10"°B*+0.00078+0.0097 (66)
(B—O.9)/O.l:(u—0.0097%)/0.00118594:(120—L)/20 (67)
{E—@)/1.8ﬁ(a—0.01i44)/0.0011859é=(12G*L)/20 (68)
(B-4.25)/2.25={.%.-0.0133)/0.00101652=(120-L) /20 (69)

{5—1.7)/1.12(u-0.01076)/0.00144OG7=(120~L}/20 (70) .

17. An optical element comprising:

a first optical layer having a light emission surface;

a wavelength-selective reflective layer provided on the first
optical layer; and

a second optical layer provided on the wavelength-selective
reflective layer and having a light incidence surface,
wherein the wavelength-selective reflective layer has a
structure including at least five layers in which high
refractive-index layers and metal layers are alternately

laminated to each other,
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when a geometric £ilm thickness L of the entire
wavelength-selective reflective layer is 120 nm, a ratio o of
an optical film thickness of the entire metal layers to an
optical £ilm thickness of the entire high refractive-index
layers and a ratio B of an optical film thickness of a third
high refractive-index layer from one of a £irsgst optical layer
gide and a second optical layer side to an optical £ilm
thickness of a first high refractive-index layer therefrom are
included in a first region surrounded by the following formulas
(21} to (24),

when the geometric film thickness L of the entire
wavelength-selective reflective layer is 140 nm, the ratio «
and the ratio P are included in a second region surrounded by
the following formulas (29} to (32), and

when the geometric film thickness L of the entire
wavelength-selective reflective laver is in a range of 120 to
140 nm, the ratic o and tThe ratio [ are included in a space
enclosed by the first region, the second region, and the
following formulas (33) to (36)

o=-0.00033%+0.0074B+0.0033 (21)

a=-0.0014p%+0.0191B3-0.0422 (22)

a=-9X107°3%+0.0015p+0.0084 (23)

a=0.007709 (24)

o=-0.0014p%+0.01363-0.0027 {29}

R=10,1320°-241.3%x+4.747 (30)
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a=-0.0001p,+0.002R+0.0074 (31)

a=0.006523 (32)
(0.75~B)/0.15={x-0.00652)/0.001185%94=(140-L)/20 (33)
{2.65-pB1/0.05=(x-0.00652)/0.00118594=(140-1.) /20 {(34)
(B-3.3)/0.95={x-0.01245)/0.0008471=(140-L)/20 (35)

(3.47-8)/2.57={x-0.00754) /0.00220246=(140-1)/20 (36} .

18. The optical element according to claim 17,

wherein when the geometric £ilm thickness L of the entire
wavelength-selective reflective lavyer is 120 nm, the ratio o
and the ratio $ are included in a third region surrounded by
formulas {21} to (23) and the following formula (66),

when the geometric £ilm thickness L of the entire
wavelength-selective reflective layer is 140 nm, the ratio o
and the ratio g are included in a fourth region surrounded by
formulas (29} to (31} and the following formula (71), and
when the geometrxic f£ilm thickness L of the entire
wavelength~selective reflective layer is in a range of 120 to
140 nm, the ratio o and the ratio B are included in a space
enclosed by the third region, the fourth region, and the
following formulas (72) to (75)

a=-7X 10 *B*+0.0007B+0.0097 (66}

a=-0.0001R*+0.0011(+0.0083 (71)
{(1-B)/0.1={x~0.00%23}/0.00050826=(140-L)/20 (72)

(B-3.3)/0.7=(x-0.01042)/0.00101652={(140-L}) /20 (73}
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(F-3.3)/0.95=(x-0.01245)/0.0008471=(140-L) /20 (74)

(-1.1)/0.6=(x-0.0094)/0.00135536=(140-L)/20 (75).

19. An optical element comprising:

a first optical layer having a light emission surface;

a wavelength-selective reflective layer provided on the first
optical layer; and

a second optical layer provided on the wavelength-selective
reflective layer and having a light incidence surface,
wherein the wavelength-selective reflective layer has a
structure including at least five layerxs in which high
refractive-index layers and metal layers are alternately
laminated to each other,

when a geometric f£ilm thickness L of the entire
wavelength-selective reflective layer is 140 nm, a ratio o of
an optical f£ilm thickness of the entire metal layers to an
optical film thickness of the entire high refractive-index
layers and a ratio B of an optical film thickness of a third
high refractive-index layer from one of a first optical layer
side and a second optical layer side to an optical £ilm
thickness of a first high refractive-index layer therefrom are
included in a first region surrounded by the following formulas
(29) to (32),

when the geometric film thickness L. of the entire

wavelength-selective reflective layer ig 160 nm, the ratioc o
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and the ratio p are included in a second region surrounded by
the following formulas (37} to (41), and
when the geometric £ilm thickness L of the entire
wavelength-selective reflective layer is in a range of 140 to
160 nm, the ratio o and the ratioc B are included in a space
enclosed by the first region, the second region, and the
following formulas (42) to (45)

o=-0.0014p°+0.01363-0.0027 (29)

R=10,132c°-241.39c+4.747 (30)

a=-0.0001p*+0.002p+0.0074 {31)

o=0.006523 (32}

=-0.005p%+0.0273p-0.0145 (27)

a=0.0043p*-0.0332R+0.07 (38)

B=2.875 (39)

o=-0.0001B*+0.0025p+0.0062 (40)

o=0.00567¢ {(41)
(0.9—5)/0.153(Q—O.OOEGS)/0.00084712(16O—L)/2O (42)
(3.8-B)/0.15=(x-0.00568)/0.0008471=(160-1L) /20 (43)
({5-2.85)/O,45=(oc—0.01203)/0.00042355=(160~L)/20 {44)

(p-1.05)/2.42=(0.00864-c) /0.00110123=(160-L}/20 (45).

20. The optical element according to claim 19,
wherein when the geometric film thickness L of the entire
wavelength-selective reflective layer is 140 nm, the ratio «

and the ratio P are included in a third region surrounded by
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formulas (29) to (31) and the following formula (71),
when the geometric f£film thickness L of the entire
wavelength-selective reflective layer is 160 nm, the ratio o
and the ratio 8 are included in a fourth region surrounded by
formulas (37) to (40) and the following formula (76), and
when the geometric film thickness L of the entire
wavelength-selective reflective layer is in a range of 140 to
160 nm, the ratic o and the ratio B are included in a space
enclosed by the third region, the fourth region, and the
following formulas {(77) to {80)
=-0.0001p%+0.0011R+0.0083 (71)
a=~0.00028%+0.0016R+0.0067 (76)
(1.05—5}/0.053(a~0.00822)/0.00101652=(16O~L)/20 (77)
(B~2.85)/O.45x(aﬂ0.0099l)/0.00050826=(160wL)/20 (78)
($-2.85)/0.45=({x-0.01203) /0.00042355={160-1) /20 (79)

{B-1.05)/0.05={a-0.00864)/0.00076239={160-L)/20 (80).

21. An optical element comprisging:

a first optical layer having a light emission surface;

a wavelength-selective reflective layer provided on the first
optical layer; and

a second optical layer provided on the wavelength-selective
reflective layer and having a light incidence surface,
wherein the wavelength-selective reflective layer has a

structure including at least five layers in which high
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refractive-index layers and metal layexs are alternately
laminated to each other,

when a geometric film thickness L of the entire
wavelength-selective reflective layer is 160 nm, a ratio o of
an optical film thickness of the entire metal layers to an
cptical film thickness of the entire high refractive-index
layers and a ratic p of an optical film thickness of a third
high refractive-index layer from one of a first optical layer
side and a second optical layer side to an optical film
thickness of a first high refractive-index layer therefrom are
incliuded in a first region surrounded by the following formulas
(37) to (41),

when the geometric film thickness L of the entire
wavelength-selective reflective layer is 180 nm, the ratio «
and the ratio P are included in a second region surrounded by
the following formulas (46} to (429), and

when the geometric f£ilm thicknegs L of the entire
wavelength-selective reflective layer is in a range of 160 to
180 nm, the ratio o and the ratio p are included in a space
enclosed by the first region, the second region, and the
following formulas (50) to (53)

a=-0.0058%+0.0273p-0.0145 (37)

o=0.00438%-0.0332p+0.07 (38)

B=2.875 (39)

a=-0.0001B*+0.00258+0.0062 (40)
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oa=0.005676 (41)
a=-0.0103p*+0.047B3-0.0322 (46)
a=0.00933*-0.0677p+0.1212 (47)
=-0.0003R*+0.0036R+0.0046 (48)
a=0.00498 (49)
(1.05-5)/O.l5=(a—0.005}/0.0GG67768=(180—L)/20 {50)
(p-2.75}/1.05={x~0.005)/0.00067768={180-L) /20 (51)
(f~2.4)/0.45=(x-0.01177)/0.00025413=(180-1) /20 (52)

(1.2-5)/O.15:(a—0.00856)/0.0000S471=(180—L)/20 (53).

22. The optical element according to claim 21,

wherein when the geometric f£ilm thickness L of the entire
wavelength-selective reflective layer is 160 nm, the ratio o
and the ratio B are included in a third region surrounded by
formulas {37) to (40) and the following formula (76),

when the geometric film thickness L of the entire
wavelength-selective reflective layer is 180 nm, the ratio o
and the ratio P are included in a fourth region surrounded by
formulas {46) to (48) and the following formula (81), and
when the geometric film thickness L of the entire
wavelength-selective reflective layer is in a range of 160 to
180 nm, the ratio « and the ratio B are included in a space
enclosed by the third region, the fourth region, and the
following formulas (82) to (85)

o=-0.0002p*+0.0016R+0.0067 (76)
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a=-0.0003p*+0.0021p+0.0055 (81}

(1.15-B) /O.1=(oc—O.OO754)/0.000677682(180—L)/20
(B-2.55) /O.3m(01—0.00889)/0.00101652=(180-L) /20
(p-2.4) /O.é5=(o:—0.011“77)/0.00025413m(180-L) /20

(1.2-F)/0.15=(x~0.00856}/0.00008471=(180-L) /20
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