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(57) ABSTRACT 

A polarizing plate comprises a light-scattering polarizing 
element and a light-absorbing polarizing element. The ele 
ments are so arranged that the polarizing transrnission aXis 
of the light-scattering polarizing element is essentially par 
allel to the polarizing transrnission aXis of the light-absorb 
ing polarizing element. The light-scattering polarizing ele 
ment has a polarizing layer comprising an optically isotropic 
continuous phase and an optically anisotropic discontinuous 
phase. 
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SHEET POLARIZER ON WHICH 
LIGHT-SCATTERING POLARIZING ELEMENT 
AND LIGHT-ABSORPTION POLARIZING 

ELEMENT ARE PROVIDED IN MULTIYEAR 

FIELD OF INVENTION 

[0001] The present invention relates to a polarizing plate 
comprises a light-scattering polarizing element, Which selec 
tively transmits polarized light and selectively re?ects or 
scatters other polarized light, and a light-absorbing polariz 
ing element, Which selectively transmits polarized light and 
selectively absorbs other polarized light. 

[0002] The invention also relates to an image display 
element having the polarizing plate, Which improves ef? 
ciency of light. 

[0003] The invention further relates to an optical ?lm, 
Which is advantageously used as a light-scattering polarizing 
element. 

BACKGROUND OF INVENTION 

[0004] Light emitted from natural light sources such as the 
sun is generally non-polarized (randomly polarized). Light 
emitted from arti?cial light sources such as a lamp is also 
generally non-polarized. A polarizing plate can eXtract 
polarized light (linearly, circularly or elliptically polarized 
light) from non-polarized light. The extracted polarized light 
can be used in various optical devices. For eXample, a liquid 
crystal display Widely used nowadays is an instrument that 
utilizes characters of polarized light to display an image. 

[0005] The polarizing plates in a broad sense include 
linearly, circularly and elliptically polarizing plates. HoW 
ever, the term of the polarizing plate usually (in a narroW 
sense) means only a linearly polarizing plate. In the present 
speci?cation, the polarizing plate means a linearly polariz 
ing plate, Which is the basic polarizing plate. 

[0006] A linearly polarizing plate generally used is a 
light-absorbing polarizing element consisting of a polyvinyl 
alcohol ?lm. A polyvinyl alcohol ?lm is stretched, and the 
?lm adsorbs iodine or a dichromatic dye to prepare a 
polarizing element. The stretched polarizing element has a 
transmission aXis (polarizing aXis) perpendicular to the 
stretching direction. 

[0007] The light-absorbing polarizing element transmits 
only a light component polarized parallel to the polarizing 
aXis, and absorbs a perpendicularly polarized component. 
Therefore, usable light through the element is theoretically 
50% or less (practically, much less than 50%) of the original 
light. 

[0008] A light-scattering polarizing element has been pro 
posed in place of the light-absorbing polarizing element to 
increase the amount of usable light (efficiency of light). The 
light-scattering polarizing element also transmits only the 
light component polarized parallel to the polarizing ads, but 
scatters forWard or backWard the perpendicularly polarized 
component. The light-scattering polarizing element can 
improve the ef?ciency of light by using the scattered light. 

[0009] The light-scattering polarizing element is described 
in Japanese Patent Provisional Publication Nos. 8(1996) 
76114, 9(1997)-274108, 9(1997)-297204, Japanese Patent 
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Publication Nos. 11(1999)-502036, 11(1999)-509014, and 
US. Pat. Nos. 5,783,120, 5,825,543 and 5,867,316. 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to provide a 
polarizing plate improving efficiency of light. 

[0011] Another object of the invention is to provide a 
liquid crystal display giving clear images. 

[0012] A further object of the invention is to provide an 
optical ?lm having scattering characters easily controllable, 
even and large in a large area. 

[0013] The present invention provides a polarizing plate 
comprises a light-scattering polarizing element having a 
polarizing layer Which selectively transmits polarized light 
and selectively re?ects or scatters other polarized light, and 
a light-absorbing polarizing element having a polarizing 
layer Which selectively transmits polarized light and selec 
tively absorbs polarized light, said elements being so 
arranged that the polarizing transmission aXis of the light 
scattering polarizing element is essentially parallel to the 
polarizing transmission aXis of the light-absorbing polariz 
ing element, and said polarizing layer in the light-scattering 
polarizing element comprising an optically isotropic con 
tinuous phase and an optically anisotropic discontinuous 
phase. 
[0014] The invention also provides a liquid crystal display 
comprising a backlight, a polarizing plate, a liquid crystal 
cell of tWist nematic mode and another polarizing plate in 
this order, Wherein the polarizing plate on the backlight 
comprises a light-scattering polarizing element having a 
polarizing layer Which selectively transmits polarized light 
and selectively re?ects or scatters other polarized light, and 
a light-absorbing polarizing element having a polarizing 
layer Which selectively transmits polarized light and selec 
tively absorbs polarized light, said elements being so 
arranged that the polarizing transmission aXis of the light 
scattering polarizing element is essentially parallel to the 
polarizing transmission aXis of the light-absorbing polariz 
ing element, and said polarizing layer in the light-scattering 
polarizing element comprising an optically isotropic con 
tinuous phase and an optically anisotropic discontinuous 
phase. 
[0015] The invention further provides a liquid crystal 
display comprising a backlight, a polarizing plate, a liquid 
crystal cell of bend alignment mode and another polarizing 
plate in this order, Wherein the polarizing plate on the 
backlight comprises a light-scattering polarizing element 
having a polarizing layer Which selectively transmits polar 
ized light and selectively re?ects or scatters other polarized 
light, and a light-absorbing polarizing element having a 
polarizing layer Which selectively transmits polarized light 
and selectively absorbs polarized light, said elements being 
so arranged that the polarizing transmission aXis of the 
light-scattering polarizing element is essentially parallel to 
the polarizing transmission aXis of the light-absorbing polar 
izing element, and said polarizing layer in the light-scatter 
ing polarizing element comprising an optically isotropic 
continuous phase and an optically anisotropic discontinuous 
phase. 
[0016] The invention furthermore provides a liquid crystal 
display comprising a backlight, a polarizing plate, a liquid 
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crystal cell of horizontal aligning mode and another polar 
izing plate in this order, Wherein the polarizing plate on the 
backlight comprises a light-scattering polarizing element 
having a polarizing layer Which selectively transmits polar 
ized light and selectively re?ects or scatters other polarized 
light, and a light-absorbing polarizing element having a 
polarizing layer Which selectively transmits polarized light 
and selectively absorbs polarized light, said elements being 
so arranged that the polarizing transmission aXis of the 
light-scattering polarizing element is essentially parallel to 
the polarizing transmission aXis of the light-absorbing polar 
izing element, and said polarizing layer in the light-scatter 
ing polarizing element comprising an optically isotropic 
continuous phase and an optically anisotropic discontinuous 
phase. 
[0017] The invention still furthermore provides an optical 
?lm comprising a transparent support and a polarizing layer 
Which selectively transmits polarized light and selectively 
re?ects or scatters other polarized light, said polarizing layer 
comprising an optically isotropic continuous phase and an 
optically anisotropic discontinuous phase, Wherein the maXi 
mum transmittances for all rays is not less than 75% and the 
minimum transmittances for all rays is less than 60% Where 
the transmittances are measured along polarizing planes 
perpendicular to plane of the polarizing layer. 

[0018] In the present speci?cation, the term “essentially 
perpendicular”, “essentially parallel” or “essentially at the 
angle of 450°” means that the difference betWeen the theo 
retical angel (90°, 00 or 45°) and the measured angle is less 
than 15°. This difference is preferably less than 14°, more 
preferably less than 13°, and most preferably less than 120. 

[0019] The terms “sloW axis” mean the direction giving 
the maXimum refractive indeX, and the term “transmission 
axis” and the minimum refractive indeX, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a sectional vieW schematically illustrat 
ing a basic structure of an optical ?lm. 

[0021] FIG. 2 is a sectional vieW schematically illustrat 
ing a conventional liquid crystal display comprising only a 
light-absorbing polarizing element. 

[0022] FIG. 3 is a sectional vieW schematically illustrat 
ing a liquid crystal display comprising a light-absorbing 
polarizing element and a light-scattering polarizing element, 
Wherein the elements are not laminated. 

[0023] FIG. 4 is a sectional vieW schematically illustrat 
ing a liquid crystal display having a polarizing plate com 
prising a light-absorbing polarizing element and a light 
scattering polarizing element. 

[0024] FIG. 5 is a sectional vieW schematically illustrat 
ing another liquid crystal display having a polarizing plate 
comprising a light-absorbing polarizing element and a light 
scattering polarizing element. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] (Improvement of Light Ef?ciency by Use of Light 
scattering Polarizing Element) 
[0026] The folloWing mechanisms (A) to (C) using light 
scattering polarizing elements have been proposed to 
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improve ef?ciency of light. The mechanisms (A) to (C) can 
be applied to the present invention. 

[0027] (A) Depolarization of Front Scattered Light 

[0028] The light-scattering polarizing element scatters for 
Ward or backWard light polarized perpendicularly to the 
polarizing. aXis. The light scattered forWard (front scattered 
light) is depolarized to rotate the polarizing direction. The 
rotated direction is different from the polarizing direction of 
the incident light and hence the scattered light has a light 
component polarized parallel to the polarizing aXis of the 
element. Consequently, the component polarized in the 
polarizing direction of the element is increased. If the 
polarizing element contains many particles in the thickness 
direction, multiple scattering occurs to enhance the depo 
larization. In this Way, the ef?ciency of light is improved by 
the depolarization of front scattered light if the light-scat 
tering polarizing element is used, as compared With the 
ef?ciency When the light-absorbing polarizing element is 
used alone. 

[0029] (B) Reuse (Depolarization) of Back Scattered 
Light 

[0030] The component scattered backWard (back scattered 
light) is depolarized When it is scattered. The back scattered 
light is re?ected by a metal re?ector placed behind the 
backlight (light source), and again enters the light-scattering 
polarizing element. Since the depolarized light (back scat 
tered light) has the light component polarized parallel to the 
polarizing aXis of the element, a part of the reentering light 
passes through the element. The scattering on the polarizing 
element and the re?ection on the re?ector are repeated in this 
Way to improve the ef?ciency of light. 

[0031] (C) Reuse (Rotation of Polarizing Direction) of 
Back Scattered Light 

[0032] In an optical system comprising a N4 plate and a 
metal re?ector, incident light linearly polarized at 45° to the 
sloW aXis of the M4 plate is re?ected to rotate its polarizing 
direction by 90°. For applying this effect, a N4 plate is 
provided betWeen the light-scattering polarizing element 
and the metal re?ector (placed behind the backlight) so that 
the sloW aXis of the M4 plate may be placed at 45° to the 
polarizing aXis of the polarizing element. 

[0033] The light scattered backWard has a component 
polarized perpendicularly to the polarizing aXis of the polar 
izing element in a large amount. Accordingly, the light 
scattered backWard, passed through the M4 plate, re?ected 
by the metal re?ector and then reentering the polarizing 
element has a light component polarized parallel to the 
polarizing aXis of the polarizing element in a large amount. 
Since the light component parallel polarized can pass 
through the polarizing element, the ef?ciency of light is thus 
improved by the M4 plate provided betWeen the light 
scattering polarizing element and the metal re?ector. 

[0034] (Structure of Optical Film and Liquid Crystal Dis 
play) 
[0035] FIG. 1 is a sectional vieW schematically illustrat 
ing a basic structure of an optical ?lm. 

[0036] The optical ?lm shoWn in FIG. 1 comprises a 
transparent support (11) and a polarizing layer (12) provided 
thereon. The polarizing layer (12) consists of an optically 
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isotropic continuous phase (13) and an optically anisotropic 
discontinuous phase (14). The discontinuous phase (14) 
comprises an optically anisotropic compound shoWing bire 
fringence, Whose tWo birefringent indexes (n1, n2) in the 
discontinuous phase depend on characters and aligning 
degree of the optically anisotropic compound. 

[0037] The optical ?lm of FIG. 1 can serve as a light 
scattering polariZing element, Where either n1 or n2 is 
essentially the same as the refractive indeX of the continuous 
phase (i.e., less than 0.05). The direction giving essentially 
the same refractive indeX (n1 or n2) corresponds to the 
transmission aXis of the polariZing layer. 

[0038] FIG. 2 is a sectional vieW schematically illustrat 
ing a conventional liquid crystal display comprising only a 
light-absorbing polariZing element. 

[0039] The liquid crystal display shoWn in FIG. 2 com 
prises a backlight (21) of edge light type as a light source 
placed on the bottom. From the bottom side, a re?ecting 
plate (22) and a light-leading plate (23) are overlaid. These 
plates make light of the backlight come out to the surface. 
The backlight may be placed at the bottom (direct type), and 
in that case the light-leading plate is unnecessary. 

[0040] A liquid crystal cell (26) sandWiched betWeen a 
pair of polariZing elements of light-absorbing type (24, 25) 
is placed above the light source (21) to display images. The 
loWer light-absorbing polariZing element (24) absorbs at 
least 50% of light emitted from the light source (21). 

[0041] FIG. 3 is a sectional vieW schematically illustrat 
ing a liquid crystal display comprising a light-absorbing 
polariZing element and a light-scattering polariZing element. 

[0042] The liquid crystal display shoWn in FIG. 3 is that 
of FIG. 2 supplemented With a light-scattering polariZing 
element (31). The light-scattering polariZing element (31) 
selectively transits the light component polariZed parallel to 
the transmission aXis of the loWer light-absorbing polariZing 
element (24). At the same time, the light component polar 
iZed perpendicularly to the transmission aXis is partially 
scattered forWard by the element (31), and depolariZed to 
rotate the polariZing plane to be parallel to the transmission 
aXis. Consequently, the ef?ciency of light is improved. On 
the other hand, the light component polariZed perpendicu 
larly to the transmission aXis is partially scattered backWard 
to the light source (21) side, depolariZed by the light-leading 
plate (23) and re?ected by the re?ecting plate (22). The 
re?ected light component comes back to the element (31) to 
reuse, to further improve the ef?ciency of light. 

[0043] In the liquid crystal display of FIG. 3, the light 
absorbing polariZing element (24) and that of light-scatter 
ing type (31) are not laminated. If they are laminated, the 
ef?ciency of light is furthermore improved. 

[0044] FIG. 4 is a sectional vieW schematically illustrat 
ing a liquid crystal display equipped With a polariZing plate 
comprising laminated polariZing elements of light-absorbing 
type and light-scattering type. 

[0045] In FIG. 4, light emitted from the light source (21) 
is re?ected by the re?ecting plate (22), and passes through 
the light-leading plate (23). The light is then made to have 
even brightness in the plane by a scattering sheet (33). The 
display of FIG. 4 comprises a ?lm (34) condensing light to 
a predetermined direction, and thereby light extremely 
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obliquely coming (users do not see such light) is condensed 
to the front so as to improve the efficiency of light. In this 
display, though the amount of light slightly obliquely com 
ing (users may see such light) is reduced, the light is 
adequately defused by a polariZing plate (32) comprising 
laminated polariZing elements of light-absorbing type (24) 
and light-scattering type (31). Further, the polariZing plate 
(32) comprising laminated polariZing elements of light 
absorbing type (24) and light-scattering type (31) improves 
the brightness of the liquid crystal display on the same 
principle as described above in FIG. 3. Consequently, 
natural vieWing angel distribution can be realiZed. 

[0046] In the liquid crystal display of FIG. 3, the amount 
of usable light is reduced by 10% because of re?ection on 
the surface of the light-scattering polariZing element (31) (in 
the side opposite to the polariZing layer) and that on the 
light-absorbing polariZing element (24). In contrast, in the 
liquid crystal display of FIG. 4, those re?ection surfaces are 
omitted because the polariZing plate (32) comprising lami 
nated polariZing elements of light-absorbing type (24) and 
light-scattering type (31) is use, and hence the ef?ciency of 
light is improved at least by 10%. 

[0047] FIG. 5 is a sectional vieW schematically illustrat 
ing another liquid crystal display equipped With a polariZing 
plate comprising laminated polariZing elements of light 
absorbing type and light-scattering type. 

[0048] In the display of FIG. 5, the polariZing plate (32) 
comprising laminated polariZing elements of light-absorbing 
type (24) and light-scattering type (31) is further improved 
in brightness. On the polariZing layer of the light-scattering 
polariZing element (31), an anti-re?ection layer (35) is 
provided directly or via another layer so as to reduce 
re?ection on the surface and to increase the amount of light 
coming into the polariZing layer. Further, a N4 plate (36) is 
provided beloW the polariZing plate (32). Because of rota 
tion of polariZing direction of light scattered backWard (back 
scattered light) described above in (C), back scattered light 
polariZed perpendicularly to the transmission aXis of the 
light-absorbing polariZing element (31) passes through the 
M4 plate (36) tWice so that the polariZing ads may rotate to 
be parallel to the transmission aXis of the element of 
light-absorbing type (31), so as to remarkably improve the 
ef?ciency of light. The other components such as the light 
source (21), the re?ecting plate (22), the light-leading plate 
(23), the scattering sheet (33) and the light-condensing ?lm 
(34) can function in the same manner as in the liquid crystal 
display of FIG. 4. 

[0049] (Transparent Support) 
[0050] The polariZing plate preferably has at least one 
transparent support. The polariZing elements of light-ab 
sorbing type and light-scattering type may share one trans 
parent support, or otherWise each element may have a 
transparent support. Further, tWo transparent supports may 
be provided to protect both surfaces of the polariZing layer 
in the light-absorbing polariZing element or light-scattering 
type. 

[0051] The term “transparent” in the transparent support 
means that the support has a light transmittance of 80% or 
more. Further, the support preferably shoWs optical isotropy 
When seen from the front. It is, therefore, preferred that the 
support be made of materials shoWing small birefringence. 
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However, the optically isotropic transparent support can be 
made of materials even shoWing large birefringence (e.g., 
polycarbonate, polyester, polyarylate, polysulfone, poly 
ethersulfone) if conditions of ?lm forming (solvent cast, 
melt extruding) or of stretching laterally or longitudinally 
are adequately selected. 

[0052] As the transparent support, a glass plate or a 
polymer ?lm can be used. Examples of material for the 
polymer ?lm include polyole?n (e.g., polyethylene), nor 
bornene resin, polyethylene terephthalate, polyethylene 
naphthalate, polypropylene, polycarbonate, polystyrene 
(e.g., syndiotactic polystyrene), polyarylate, polysulfone, 
polyethersulfone, polyvinyl chloride, polyvinyl alcohol and 
cellulose ester (e.g., cellulose acetate). The ?lm may be 
made of a mixture of tWo or more polymers. Commercially 
available polymers (e.g., Zeonex, Zeonoa [Nippon Zeon 
Co., Ltd.]; ARTON [JSR Co., Ltd.]; Fujitac [Fiji Photo ?lm 
Co., Ltd.]; triacetyl cellulose) are also usable. 

[0053] The transparent support preferably protects the 
polariZing layer (particularly, the polariZing layer of the 
light-absorbing polariZing element). In consideration of pro 
tecting, a ?lm of cellulose acetate is preferred. The acetic 
acid content of cellulose acetate is preferably in the range of 
55 to 61.5% (cellulose diacetate or cellulose triacetate), 
more preferably in the range of 59 to 61% (cellulose 
triacetate). 
[0054] In the case Where a cellulose triacetate ?lm is used 
as the transparent support, the ?lm is preferably produced 
essentially Without the solvent of halogenated hydrocarbon. 
When a conventional cellulose triacetate ?lm is produced, a 
halogenated hydrocarbon (particularly, methylene chloride) 
is generally used as a solvent. HoWever, in consideration of 
environmental problems, use of halogenated hydrocarbon 
has been gradually restricted. On the other hand, it has been 
dif?cult for organic solvents other than halogenated hydro 
carbon to dissolve cellulose triacetate. Japanese Patent Pro 
visional publication Nos. 9(1997)-95538, 9(1997)-95544 
and 9(1997)-95557 disclose a method in Which cellulose 
triacetate is cooled to dissolve in a normal organic solvent 
(ester, ether, ketone or alcohol having 3 to 12 carbon atoms). 
This method makes it possible to produce a cellulose triac 
etate ?lm essentially Without the solvent of halogenated 
hydrocarbon. The term “essentially Without the solvent of 
halogenated hydrocarbon” mean that the solvent used in 
producing the ?lm contains halogenated hydrocarbon in an 
amount of 5 Wt. % or less (preferably, 1 Wt. % or less). It is 
preferred that no halogenated hydrocarbon be found in the 
resultant cellulose triacetate ?lm. 

[0055] The thickness of the transparent support is prefer 
ably, in the range of 10 to 500 pm, more preferably in the 
range of 40 to 200 pm. 

[0056] The support may be subjected to a surface treat 
ment (e.g., chemical treatment, mechanical treatment, 
corona discharge treatment, gloW discharge treatment). 
Saponi?cation treatment is a typical chemical treatment. 

[0057] An undercoating layer may be provided on the 
support to enhance adhesion betWeen the support and a 
neighboring layer such as the polariZing layer. If the trans 
parent support is a cellulose triacetate ?lm, the undercoating 
layer can be made of gelatin, poly(meth)acrylate, poly 
(meth)acrylamide, polystyrene, polybutadiene or a copoly 
mer thereof. 
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[0058] (Optically Isotropic Continuous Phase) 

[0059] The light-scattering polariZing element comprises a 
polariZing layer Which selectively transmits particular polar 
iZed light and Which selectively re?ects or scatters other 
polariZed light. The “particular polariZed light” and the 
“other polariZed light” generally have polariZing planes 
crossing perpendicularly to each other. The polariZing layer 
in the light-scattering polariZing element consists of an 
optically isotropic continuous phase and an optically aniso 
tropic discontinuous phase. 

[0060] The amount of the optically isotropic continuous 
phase is preferably in the range of 5 to 95 Wt. %, more 
preferably in the range of 20 to 90 Wt. %, most preferably in 
the range of 50 to 80 Wt. % based on the Weight of the 
polariZing layer. 

[0061] The term “optically isotropic” means having an 
optical anisotropy of less than 0.05. (With respect to the 
optical anisotropy, the de?nition is beloW given in the 
description of optically anisotropic discontinuous phase.) 

[0062] The optically isotropic continuous phase may be in 
the form of polymer matrix. The polymer constituting the 
continuous phase may have been a polymer in preparing the 
polariZing layer (for example, in a coating solution for 
preparing the layer), or otherWise may have been monomers 
at that stage, folloWed by polymeriZing the monomers. 

[0063] As the polymer, a polymer having high optical 
isotropy is used. HoWever, even a polymer giving relatively 
high birefringence (e.g., polycarbonate, polystyrene) can be 
used if additives are incorporated to make the polymer 
optically isotropic. 

[0064] The ef?ciency of backlight is more improved 
Where the incident light coming into the light-scattering 
polariZing element is less re?ected. Hence, the polymer 
matrix constituting the continuous phase has an average 
refractive index (n) of preferably not more than 1.70, more 
preferably not more than 1.6, most preferably not more than 
1.55. The average refractive index (n) is represented by the 
formula: 

[0065] In the formula, nx is a refractive index along the 
sloW axis in plane; ny is a refractive index along the axis of 
light progression in plane; and n2 is a refractive index in the 
thickness direction. 

[0066] Examples of the polymer used for the optically 
isotropic continuous phase include proteins (e.g., gelatin, 
casein), polysaccharides (e.g., agarose, cellulose, pullulan, 
carrageenan, polygalacturonic acid, alginic acid), cellulose 
ethers, cellulose esters (e.g., cellulose acetate, cellulose 
diacetate, cellulose triacetate, cellulose propionate, cellulose 
butylate, cellulose acetatepropionate, cellulose nitrate), 
polyole?ns (e.g., polyethylene, polypropylene, polymethyl 
pentene), polyole?n derivatives (e.g., polyvinyl chloride, 
polyvinyl alcohol, denatured polyvinyl alcohol, norbornene 
resin), polystyrene (e.g., syndiotactic polystyrene), polyes 
ters (e.g., polyethylene terephthalate, polyethylene naphtha 
late, polycarbonate, poly-1,4-cyclohexanedimethylene 
terephthalate, polyethylene-1,2-diphenoxyethane-4,4‘ 
dicarboxylate, polybutylene terephthalate), polyamide, 
polysulfone, polyethersulfone, polyarylate, polyether imide, 
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polyether ketone, polyacrylic esters and polymethacrylic 
esters (e.g., methyl methacrylate). 

[0067] A mixture of tWo or more polymers can be used. 
Commercially available polymers (e.g., Zeonex, Zeonoa 
[Nippon Zeon Co., Ltd.]; ARTON [JSR Co., Ltd.]; Fujitac 
[Fiji Photo ?lm Co., Ltd.]; triacetyl cellulose) are also 
usable. 

[0068] A monomer forming the polymer for the optically 
isotropic continuous phase is preferably polymerized by heat 
or ioniZation radiation. Examples of polymeriZable groups 
of the monomers include an ethylenically unsaturated poly 
meriZable group, isocyanate group, epoxy group, aZiridine 
group, oxaZolidine group, aldehyde group, carbonyl group, 
hydraZine group, carboxyl group, methylol group, active 
methylene group, vinylsulfonic acid, acid anhydride bond 
ing (—CO—O—CO—), cyanoacrylate group, melamine, 
etheriZed methylol, ester bonding, urethane bonding, and 
methal alkoxide (tetramethoxysilane) structure. An ethyleni 
cally unsaturated polymeriZable group is preferred. It is 
particularly preferred that a monomer having tWo or more 
ethylenically unsaturated polymeriZable groups be polymer 
iZed to form a polymer having crosslinked structure. 

[0069] Examples of the monomer having tWo or more 
ethylenically unsaturated polymeriZable groups include 
esters of polyhydric alcohol and (meth)acrylic acid (e.g., 
ethylene glycol di(meth)acrylate, 1,4-dichlorohexane acry 
late, pentaerythritol tetra(meth)acrylate, pentaerythritol tri 
(meth)acrylate, trimethylolpropane tri(meth)acrylate, trim 
ethylolethane tri(meth)acrylate, dipentaerythritol 
tetra(meth)acrylate, dipentaerythritol penta(meth)acrylate, 
pentaerythritol hexa(meth)acrylate, 1,3,5-cyclohexanetriol 
triacrylate, polyurethane polyacrylate, polyester polyacry 
late), vinylbenZene and derivatives thereof (e.g., 1,4-divi 
nylbenZene, 4-vinylbenZoic acid-2-acryloyl ethylester, 1,4 
divinylcyclohexanone), vinylsulfones (e.g., divinylsulfone), 
acrylamides (e.g., methylene bisacrylamide) and methacry 
lamide. 

[0070] In the case Where the discontinuous phase is made 
to be optically anisotropic by stretching (aligning the liquid 
crystal compound), the optically isotropic continuous phase 
preferably contains a compound (plasticiZer) to loWer the 
glass transition temperature of the polymer of the continuous 
phase. Examples of the plasticiZer include carboxylic esters 
(e.g., dibutyl phthalate), phosphoric esters (e.g., triphenyl 
phosphate) and polyhydric alcohols (e.g., glycerol). If an 
Water-soluble polymer is used in the continuous phase, 
glycerol is particularly preferably incorporated. 

[0071] (Optically Anisotropic Discontinuous Phase) 
[0072] The amount of the optically anisotropic discontinu 
ous phase is preferably not less than 3 Wt. %, more prefer 
ably not less than 4 Wt. %, further preferably not less than 
5 Wt. %, furthermore preferably not less than 10 Wt. %, most 
preferably not less than 20 Wt. % based on the Weight of the 
polariZing layer. Also, the amount of the optically anisotro 
pic discontinuous phase is preferably not more than 95 Wt. 
%, more preferably not more than 80 Wt. %, further pref 
erably not more than 60 Wt. %, furthermore preferably not 
more than 50 Wt. %, most preferably not more than 40 Wt. 
% based on the Weight of the polariZing layer. 

[0073] The term “optically anisotropic” means having an 
optical anisotropy of not less than 0.05. The optical anisot 
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ropy corresponds to birefringence |n1-n2|, Which is the 
absolute value of difference betWeen the refractive index 
(n1) along an axis included in the polariZing plane giving the 
maximum transmittance for all rays coming to the polariZing 
layer and the refractive index along an axis included in 
the polariZing plane giving the minimum transmittance for 
all rays. The optical anisotropy is preferably in the range of 
0.05 to 1.00, more preferably in the range of 0.10 to 1.00, 
most preferably in the range of 0.15 to 1.00. 

[0074] In order that the optical ?lm can Work as the 
light-scattering polariZing element, one of the refractive 
indexes (n1, n2) of the optically anisotropic discontinuous 
phase must be essentially the same as the refractive index of 
the optically isotropic continuous phase. The term “essen 
tially the same” means that the difference betWeen them is 
less than 0.05. The difference is preferably less than 0.01, 
more preferably less than 0.001. The direction in Which the 
refractive index of the discontinuous phase and that of the 
continuous phase are the same corresponds to the transmis 
sion axis of the polariZing layer. 

[0075] The optically anisotropic discontinuous phase is in 
the form of particles or drops dispersed in the optically 
isotropic continuous phase. The mean siZe of the particles or 
drops (mean radius of approximated circles having the same 
areas as the projected areas of the particles or drops) is 
preferably in the range of 0.01 to 10 pm, more preferably in 
the range of 0.05 to 5 pm, most preferably in the range of 
0.05 to 1 pm. 

[0076] There is no particular restriction on the shapes of 
the particles or drops. They may have spherical shape 
(having an average aspect ratio of not more than 2) or 
irregular shape (having a large surface area). 

[0077] The optically anisotropic discontinuous phase is 
made of optically anisotropic material. After the polariZing 
layer is formed, the material is preferably exposed to light or 
stretched in a certain direction so that the material may have 
optical anisotropy (may be aligned). 

[0078] As the optically anisotropic material, a photo 
orienting compound (photo-reactive compound or photo 
isomeriZing compound), a liquid crystal compound or a 
mixture thereof is preferably used. The photo-orienting 
compound and the mixture of photo-orienting compound 
and liquid crystal compound can be made optically aniso 
tropic by irradiation of light in a certain direction. If the 
liquid crystal compound itself naturally aligns along the 
direction in Which light comes (namely, if the liquid crystal 
compound has a photo-reactive or photo-isomeriZing group 
described after), even the liquid crystal compound alone can 
be made optical anisotropic by irradiation of light in a 
certain direction. 

[0079] The photo-orienting compound (photo-reactive 
compound or photo-isomeriZing compound) is preferably a 
polymer, namely a photo-reactive or photo-isomeriZing 
polymer. The photo-reactive polymer is further categoriZed 
into a photo-dimeriZing polymer and a photo-decomposing 
polymer. 

[0080] The photo-dimeriZing polymer has a photosensi 
tive group of photo-dimeriZation type at the side chain. TWo 
photosensitive groups of photo-dimeriZation type react to 
form a ring through additional reaction When exposed to 
light (preferably, ultraviolet light), and thereby the polymers 
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are dimeriZed through the additional reaction. The photo 
dimeriZation reaction is described in “Photosensitive poly 
mer” (Kan Nagamatsu, Kodansha 1977). 

[0081] The photosensitive group of photo-dimeriZation 
type preferably comprises (a) carbonyl group or (b) ethyl 
enically unsaturated bond, and (c) aromatic group or (d) 
heterocyclic group. The group more preferably has both of 
(a) carbonyl group and (b) ethylenically unsaturated bond, 
and (c) aromatic group is preferred to (d) heterocyclic group. 
Namely, the photosensitive group of photo-dimeriZation 
type preferably comprises (a) carbonyl group, (b) ethyleni 
cally unsaturated bond and (c) aromatic group. 

[0082] The carbonyl group (a) is preferably contained in 
an acyl group, an acyloxy group or an alkoxycarbonyl 
group. 

[0083] The ethylenically unsaturated bond (b) is prefer 
ably in cis form to in trans form. If plural ethylenically 
unsaturated bonds are contained, they are preferably conju 
gated. 

[0084] In the functional group having (a) carbonyl group, 
(b) ethylenically unsaturated bond and (c) aromatic group, 
those groups are preferably linked in the form of (main 
chain)-(a)-(b)-(c). Examples of the functional group having 
(a), (b) and (c) include cinnamoyl and phenylmaleimide. 
The compound having cinnamoyl is described in Jpn.J.Ap 
pl.Phys., 31. pp. 2155 (1992). 

[0085] In the photo-dimeriZing polymer, the main chain 
and the side chain are linked through an ester bond prefer 
ably containing (a) carbonyl group. 

[0086] The ethylenically unsaturated bond (b), the aro 
matic group (c) and the heterocyclic group (d) may have 
substituent groups. Examples of the substituent group 
include an alkyl group (e.g., methyl, ethyl, propyl, butyl, 
hexyl), an alkoxy group (e.g., methoxy, ethoxy, propoxy, 
butoxy), an alkenyl group (e.g., allyl), an alkenyloxy group 
(e.g., allyloxy), aryl groups (e.g., phenyl), an aryloxy group 
(e. g., phenoxy), cyano, an alkoxycarbonyl group (e. g., meth 
oxycarbonyl, ethoxycarbonyl), hydroxyl, an alkyl-substi 
tuted amino group (e.g., dimethylamino, diethylamino) and 
nitro. Preferred groups are an alkyl group having 1 to 6 
carbon atoms, an alkoxy group having 1 to 6 cabon atoms, 
cyano and an alkoxycarbonyl group having 1 to 6 carbon 
atoms. 

[0087] The photo-dimeriZing polymer having a photosen 
sitive group of photo-dimeriZation type at the side chain can 
be synthesiZed in various manners. 

[0088] For example, compounds (monomers) having a 
photosensitive group and a polymeriZable group are poly 
meriZed into the polymer. As the polymeriZable group, 
acryloyl group or methacryloyl group is preferred. The 
polymer can be easily synthesiZed by radical polymeriZation 
of (meth)acryloyl group. Further, the polymer may be poly 
ester, polyamide, polyimide or polyurethane, Which can be 
synthesiZed by condensation polymeriZation of polymeriZ 
able group such as hydroxyl, carboxyl, amino or cyanate. In 
that case, the monomers must have at least tWo polymeriZ 
able groups. 

[0089] The compound having a photosensitive group may 
be reacted With a polymer to synthesiZe the polymer having 
photosensitive groups. As the polymer reacted With the 
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compound having a photosensitive group, polyvinyl alcohol 
or poly(meth)acrylic acid is preferred. The linkage betWeen 
polymer (main chain) and the compound (side chain) is 
preferably ether bond, ester bond or amide bond. 

[0090] Atypical example of the photo-dimeriZing polymer 
is polyvinyl cinnamate. 

[0091] Instead of using the photo-dimeriZing polymer, a 
compound having a photosensitive group may be dispersed 
in a polymer (binder). As the polymer of binder, a (meth 
)acrylic polymer, polyester or polyurethane is preferred. 
After the compound having a photosensitive group is dis 
persed in the binder, a polymeriZation initiator may be added 
to polymeriZe. 

[0092] Examples of the photo-decomposing polymer 
include polyimide. The photo-decomposing polyimide is 
described in Japanese Patent Provisional Publication Nos. 
5(1993)-34699, 6(1994)-289399, 8(1996)-122792; and 
“Abstract of 22nd Forum on liquid crystal”, pp. 1672 A17 
(1996). The photo-dimeriZing polymer is preferred to the 
photo-decomposing one. 

[0093] The photo-isomeriZing compound is generally 
knoWn as a photochromic compound. When exposed to 
light, the photo-isomeriZing compound changes the chemi 
cal structure, and accordingly changes properties (for 
example, color). Generally, these changes are reversible. 

[0094] Examples of the photo-isomeriZing compound 
include aZobenZene compounds [described in K. Ichimura et 
al., Langmuir, vol. 4, page 1214 (1988); K. Aoki et al,. 
Langmuir, vol. 8, page 1007 (1992); Y. Suzuki et al., 
Langmuir, vol. 8, page 2601 (1992); K. Ichimura et al., Appl. 
Phys. Lett., vol. 63, No. 4, page 449 (1993); N. IshiZuki, et 
al., Langmuir, vol. 9, page 3298 (1993); N. IshiZuki, Lang 
muir, vol. 9, page 857 (1993)], chalcone compounds [de 
scribed in Nature, 381, pp. 212 (1998)], coumarin com 
pounds [SID ’98. Digest, pp. 734 (1998)], hydroZano-[3 
ketoester compounds [S. Yamamura et al., Liquid Crystals, 

vol. 13, No. 2, page 189 (1993)], stilbene compounds Ichimura et al., “Papers on polymers”, vol. 47, No. 10, page 

771 (1990), (Japanese)] and spiropyrone compounds Ichimura et al., Chemistry Letters, page 1063 (1992); K. 

Ichimura et al., Thin Solid Films, vol. 235, page 101 (1993)]. 

[0095] The photo-isomeriZing compound preferably has 
the double bond of C=C, C=N or N=N. The photochro 
mic compound having the double bond comprises the fol 
loWing indispensable structural elements (1) and (2) and the 
folloWing optional structural elements. (3) to (5): 

[0096] (1) the double bond structure of C=C, C=N 
or N=N, 

[0097] (2) a cyclic structure directly or indirectly 
connecting to both ends of the above (1), 

[0098] (3) an optional linking group betWeen the 
above (1) and (2), 

[0099] (4) an optional substituent group connecting 
to the carbon atom in the above (1), and 

[0100] (5) an optional substituent group connecting 
to the cyclic structure 

[0101] The double bond structure (1) is preferably in trans 
form to in cis form. TWo or more double bonds may be 
contained, and if so they are preferably conjugated. 
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[0102] Examples of the cyclic structure (2) include ben 
Zene ring, naphthalene ring and nitrogen-containing hetero 
cyclic ring (e.g., pyridinium ring, benZo pyridinium ring). In 
the case Where the cyclic structure is a nitrogen-containing 
heterocyclic ring, the carbon atom (not nitrogen atom) in the 
ring preferably connects to the carbon or nitrogen atom in 
the double bond The cyclic structure is preferably 
benZene ring. 

[0103] Examples of the linking group (3) include —NH— 
and —CO—. It is, hoWever, preferred for the double bond 
structure (1) to connect directly to the cyclic structure (2) 
Without the linking group 

[0104] Examples of the substituent group (4) include an 
aryl group (e.g., phenyl) and cyano. HoWever, the carbon 
atom in the double bond structure (1) preferably has no 
substituent group except the structure This means that 
the structure (1) is preferably —CH=CH— or 
—CH=N—. 

[0105] Examples of the substituent group (5) include an 
alkoxy group (e.g., methoxy, hexyloxy), cyano, an alkyl 
group (e.g., butyl, hexyl) and an alkylamino group (e.g., 
dimethylamino). If the cyclic structure (2) is benZene, the 
substituent group is positioned preferably at para-position. 
As described after, in the case Where a photochromic com 
pound is chemically combined With the polymer, a func 
tional group for connecting to the polymer is introduced as 
the substituent group (5) into the photo-isomeriZing com 
pound. 
[0106] When the photo-isomeriZing compound is used, it 
is preferably combined chemically With the polymer. The 
polymer is preferably hydrophilic (e.g., gelatin, polyvinyl 
alcohol). Polyvinyl alcohol is particularly preferred. 
[0107] The reaction betWeen the photo-isomeriZing com 
pound and the polymer is determined according to the kind 
of the polymer (particularly, the kind of the functional 
group). For example, if the polymer is a hydroxyl-containing 
polymer such as polyvinyl alcohol, the reaction betWeen 
acid halide and hydroxyl can be adopted to combine the 
photo-isomeriZing compound With the polymer. In detail, a 
halogenated acyl group (—COX in Which X is halogen) is 
introduced as a substituent group into the photo-isomeriZing 
compound, and the chemical linkage is formed through the 
reaction betWeen the halogenated acyl group and hydroxyl 
in the polymer: 

Ph-COX+HO-P1—>Ph-CO—O-P1+HX 

[0108] in Which Ph is the photo-isomeriZing compound, 
and P1 is the main chain of the polymer. 

[0109] The photo-orienting compound (photo-reactive 
compound or photo-isomeriZing compound) preferably con 
tains, as the photo-orienting functional group, aZobenZene 
structure, stilbene structure, cinnamoyl structure, chalcone 
structure, coumarin structure or polyimide structure. Pre 
ferred photo-orienting functional groups are aZobenZene 

structure, stilbene structure, cinnamoyl structure, chalcone 
structure and coumarin structure. Particularly preferred 
functional groups are cinnamoyl structure, chalcone struc 
ture and coumarin structure. 
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[0110] In the case Where the photo-orienting compound 
and the liquid crystal compound are used in combination, the 
optically anisotropic discontinuous phase contains the 
photo-orienting compound preferably in an amount of 0.05 
to 10 Wt. %, more preferably in an amount of 0.1 to 5 Wt. %. 

[0111] Examples of the photo-orienting compound are 
shoWn beloW in the form of repeating unit in the polymer. 
The polymer may be a copolymer having other repeating 
units. 

CO 
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[0112] The liquid crystal compound preferably comprises 
three or more at conjugations. For showing satisfying optical 
anisotropy, the liquid crystal compound preferably has very 
different refractive indexes for ordinary ray and extraordi 
nary ray. Further, the liquid crystal compound preferably 

I forms nematic phase or smectic phase. Rod-like liquid 
0 crystal compounds are particularly preferred. 

(IZH [0113] Examples of the rod-like liquid crystal compounds 
I 2 include aZomethines, aZoxys, cyanobiphenyls, cyanophenyl 
CH2 esters, benZoic-esters, phenyl esters of cyclohexanecarboxy 

| lates, cyanophenylcyclohexanes, cyano-substituted phe 
O nylpyrimidines, alkoxy-substituted phenylpyrimidines, phe 
(I: nyldioxanes, tolanes and alkenylcyclohexylbenZonitriles. 

| 0 Metal complexes are also included in the rod-like liquid 
crystal compounds. 

EH [0114] Descriptions of the rod-like liquid crystal com 
pounds are found in “Kagaku-Sosetsu, Ekisho no Kageku” 
(Written in Japanese), vol. 22(1994), Chapters 4, 7 and 11; 
and “Ekisho Devise Handbook” (Written in Japanese), chap 
ter 3. 

[0115] The rod-like liquid crystal compound has a char 
acteristic birefringent index of preferably 0.001 or more, 
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more preferably 0.05 or more, most preferably 0.10 or more. 
The characteristic birefringent index is also preferably 1.00 
or less, more preferably 0.70 or less. 

[0116] The rod-like liquid crystal compound preferably 
comprises a polymeriZable group. As the polymeriZable 
group, an unsaturated polymeriZable group, an epoXy group 
and an aZiridinyl group are preferred. An unsaturated poly 
meriZable group is more preferred, and an ethylenically 
unsaturated group is most preferred. 

[0117] The rod-like liquid crystal compound preferably 
has a symmetric structure With respect to the short aXis, and 
hence it preferably has the polymeriZable groups at each 
end. 

[0118] Examples of the rod-like liquid crystal compound 
are shoWn beloW. 
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